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 A B S T R A C T

Declarative process models allow us to capture the behavior of a business process through temporal constraints 
on the evolution of process activities. In process mining, declarative process discovery focuses on deriving these 
constraints from event logs. Although the semantic aspects of declarative processes have been extensively inves-
tigated, there has been less focus on designing declarative visual notations that enhance model understanding 
and support analysts in solving process mining tasks. To improve the human understandability of declarative 
process models, in this paper, we present easyDeclare, a novel visual notation to specify declarative process 
models using the Declare language. easyDeclare was developed with consideration of the well-established 
Moody’s design principles. We conducted extensive user experiments to demonstrate that easyDeclare, when 
compared with the original graphical representation of Declare, reduces the cognitive load required to interpret
Declare models of increasing complexity, making it a promising alternative to enhancing overall comprehension 
of declarative process discovery tasks.
1. Introduction

One of the most common ways to visualize and communicate pro-
cess mining insights is to use process models that show the actual 
flow of activities, events, and resources involved in a business pro-
cess as recorded in an event log. Process models can be represented 
through many languages (e.g., BPMN, Directly-Follow Graphs, Petri-
Nets, etc.) that visually map the overall process structure and support 
process analysts in identifying problematic areas (e.g., congestion, 
bottlenecks) and improving decision-making. The processes (and their 
issues) that such languages map out ultimately need to be read by 
business stakeholders, who may lack the required expertise in process 
analytics, but have to make decisions based on their results. There-
fore, delivering high-quality and clear process model visualizations 
is an essential prerequisite for accurately conveying the behavioral 
knowledge of a process and guiding the selection of the most suitable 
visual analytics techniques, which help make sense of the multifaceted 
information hidden within the event log that record observed pro-
cess executions [1]. Indeed, while process models provide a kind of 
‘‘bidimensional’’ knowledge, visual analytics techniques extend this by 
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integrating a broader range of interconnected insights, enabling inter-
active exploration of factual evidence derived from the event log [2]. 
However, the issue with using such process-oriented languages is their 
level of interpretability for persons who are not inherently from the 
field of computer science.

Despite the abundance of languages available for process models, 
it is widely acknowledged that most process modeling languages fall 
somewhere on the imperative-declarative spectrum. Imperative nota-
tions such as BPMN facilitate the description of sequential process 
flows, whereas declarative specifications like Declare describe cause–
effect temporal relations between events [3]. Although the semantic 
aspects of declarative processes have been extensively researched, there 
has been comparatively less focus on designing declarative visual no-
tations that enhance model understanding and incorporating features 
into these notations that facilitate comprehension as model complexity 
grows [4].

State-of-the-art solutions, e.g., [3,5,6], struggle with effectively 
communicating explicit concepts of how to interpret a declarative 
process model. Existing literature suggests that a new notation easing 
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understandability is needed [4,7]. This need arises because current no-
tations can become overwhelming [8] and confusing [9,10], especially 
for non-expert stakeholders [11] who need to interpret these models 
to make informed business decisions. Given the importance of declar-
ative models in accurately reflecting the flexible nature of business 
processes, improving their interpretability is critical for leveraging the 
full potential of process mining.

Drawing from the early development of the Verto modeling lan-
guage [12], the notation presented in this paper, called easyDeclare, 
is designed to ease the process of understanding declarative process 
models. The development of this language has been done with consider-
ation of the well-established Moody’s design principles (PoN) [13] and 
several parameters (e.g., use of shapes) to maintain a contextual fit.
easyDeclare aims to bridge the gap between the complexity of declar-
ative models and the practical need for clarity and interpretability 
by business stakeholders. It incorporates intuitive visual elements that 
simplify the mapping of complex relationships and constraints within 
process models, thereby reducing cognitive load and enhancing overall 
comprehension.

To assess how well the proposed notation aligns with the PoN 
principles, we conducted expert interviews with scholars in the field. 
Through this process, we also evaluated the degree of alignment of
Declare with each of the nine PoN dimensions. We finally developed 
a software tool to support the creation of Declare models based on our 
proposed graphical notation.

We conducted extensive user experiments whose results highlight 
that easyDeclare demonstrates superior effectiveness and efficiency in 
complex tasks and higher user satisfaction in ease of use and intention 
to use if compared with the original graphical representation of Declare. 
This makes it a promising tool for improving the communication of 
process mining insights related to declarative process discovery tasks to 
a broader audience, ultimately supporting better decision-making and 
process optimization.

The rest of the paper is organized as follows. Section 2 first in-
troduces the required background on declarative processes and the 
development of visual notations necessary to understand the paper. 
Then, it discusses some state-of-the-art efforts aimed to improve the 
interpretability of Declare models by means of alternative graphical 
notations. Section 3 reports on an expert evaluation of Declare’s un-
derstandability and details how its findings guided the design of easy-
Declare. Section 4 assesses the alignment of Declare and easyDeclare
with the PoN principles. Section 5 presents the results of the compar-
ative evaluation conducted to assess easyDeclare against the original 
graphical representation of Declare, focusing on performance and per-
ception metrics. Section 6 details the realization of EDD, a software tool 
for defining Declare models through easyDeclare, showing its usability 
through a dedicated user experiment. Finally, Section 7 concludes the 
paper.

The easyDeclare notation and the EDD tool are available under the
easyDeclare GitHub organization at https://github.com/easyDeclare.

2. Background and state of the art

In this section, we introduce basic background concepts necessary 
for comprehending the content of the paper.

2.1. Declare

Declare is a declarative process modeling language introduced by 
Pesic and van der Aalst in [3]. Declare is qualified as ‘‘declarative’’ be-
cause it does not explicitly specify every possible sequence of activities 
leading from the start to the end of a process execution. Instead, it bases 
models on a set of constraints that must hold true during the execution 
of the process. All behaviors that respect those constraints are allowed. 
Constraints are applied to sets of activities and mainly pertain to their 
temporal ordering. In particular, Declare specifies an extensible set of 
2 
standard templates (see Table  1) that a process analyst can use to model 
a process. Constraints are concrete instantiations of these templates.
Declare is equipped with a formal semantics on Linear Temporal Logic 
on Finite Traces (LTL𝑓 ) [14], but the use of templates makes model 
comprehension independent of the logic-based formalization. Indeed, 
analysts can work with the graphical representation of templates while 
the underlying formulas remain hidden. Graphically, a Declare model 
is a diagram in which activities are represented as nodes (labeled 
rectangles) and constraints as arcs between activities.

Compared with procedural approaches, Declare models are more 
suitable for describing processes operating in unstable environments 
and characterized by numerous exceptional behaviors. Since anything 
not explicitly specified is allowed, a few constraints can specify many 
possible behaviors at once. Declare templates can be divided into four 
main groups: existence templates, relation templates, mutual relation tem-
plates, and negative relation templates. The first group consists of unary 
templates, which can be expressed as predicates over a single param-
eter. The remaining groups correspond to binary predicates over two 
parameters. The Declare templates with their semantics and graphical 
notations are summarized in Table  1.

Example 2.1 (A Flight Booking Process Model).  The scenario presented 
here illustrates the process a flight passenger follows from booking a 
ticket to boarding the aircraft. The corresponding declarative model 
is depicted in Fig.  1. The process begins with booking the ticket, 
represented in the model by activity Start booking. Passengers’ per-
sonal information can then be provided and enriched with payment 
details. This submission is denoted as activity Provide data in the figure. 
The subsequent step is the authorization of the ticket payment (Pay), 
which triggers the completion of the booking phase (Complete booking). 
The authorization is eventually followed by the actual transfer of 
money (Complete transaction). As long as Check-in for the flight has 
not occurred, customers can still modify the provided data, such as 
changing the date of departure or amending personal information 
(Rebook flight). After this, only cancellation is permitted (Undo booking), 
in case the passenger ultimately decides not to proceed with boarding 
(Board flight).

The behavioral constraints specifying how the tasks can be carried 
out are the following:

1. Init(Start booking)
2. AtMostOne(Start booking)
3. Alt.Precedence(Start booking, Provide data)
4. Alt.Succession(Provide data, Pay)
5. Alt.Succession(Pay,Complete transaction)
6. Alt.Succession(Pay,Complete booking)
7. Alt.Precedence(Complete booking,Rebook flight)
8. NotSuccession(Check-in,Rebook flight)
9. Alt.Precedence(Check-in,Board flight)
10. NotSuccession(Board flight,Undo booking)
11. NotSuccession(Undo booking, Provide data)

2.2. Declare in process mining

Process mining is a family of techniques used to analyze and 
improve business processes by extracting insights from the so-called
event logs [15] generated during the execution of those processes [16]. 
Declarative process discovery is a branch of process mining concerning 
the discovery of declarative process models from event logs. This is the 
group of techniques we deal with in this paper, as we propose a new 
visual notation that we demonstrate improves the current output of these 
process mining techniques, which is primarily based on the original graphical 
representation of  Declare.

In the area of declarative process discovery with models expressed 
using Declare, the work [17] presents an unsupervised algorithm for 
the discovery of Declare models. In [18], the authors present an algo-
rithm for the discovery of Declare constraints that makes the discovery 
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Table 1
Declare constraints.
Template Explanation Examples Notation

Existence templates
Existence(𝑛, a) Activity a occurs at least 𝑛

times in the trace a
𝑛.. ∗

Participation(𝖺) ≡ Existence(1, a) a occurs at least once ✓ bcac ✓ bcaac × bcc × c
a

1.. ∗

Absence(𝑚 + 1, a) a occurs at most 𝑚 times
a

0..𝑚

AtMostOne(a) ≡ Absence(2, a) a occurs at most once ✓ bcc ✓ bcac × bcaac × bcacaa
a
0..1

Init(a) a is the first to occur ✓ acc ✓ abac × cc × bac
a
Init

End(a) a is the last to occur ✓ bca ✓ baca × bc × bac
a
End

Relation templates
RespondedExistence(a, b) If a occurs in the trace, then 

b occurs as well
✓ bcaac ✓ bcc × caac × acc a b

Response(a, b) If a occurs, then b occurs af-
ter a

✓ caacb ✓ bcc × caac × bacc a b

AlternateResponse(a, b) Each time a occurs, then b
occurs afterwards, before a

recurs

✓ cacb ✓ abcacb × caacb × bacacb a b

ChainResponse(a, b) Each time a occurs, then b oc-
curs immediately afterwards

✓ cabb ✓ abcab × cacb × bca a b

Precedence(a, b) b occurs only if preceded by 
a

✓ cacbb ✓ acc × ccbb × bacc a b

AlternatePrecedence(a, b) Each time b occurs, it is pre-
ceded by a and no other b can 
recur in between

✓ cacba ✓ abcaacb × cacbba × abbabcb a b

ChainPrecedence(a, b) Each time b occurs, then a oc-
curs immediately beforehand

✓ abca ✓ abaabc × bca × baacb a b

Mutual relation templates
CoExistence(a, b) If b occurs, then a occurs, and 

vice-versa
✓ cacbb ✓ bcca × cac × bcc a b

Succession(a, b) a occurs if and only if it is 
followed by b

✓ cacbb ✓ accb × bac × bcca a b

AlternateSuccession(a, b) a and b if and only if the 
latter follows the former, and 
they alternate each other in 
the trace

✓ cacbab ✓ abcabc × caacbb × bac a b

ChainSuccession(a, b) a and b occur if and only 
if the latter immediately fol-
lows the former

✓ cabab ✓ ccc × cacb × cbac a b

Negative relation templates
NotCoExistence(a, b) a and b never occur together ✓ cccbbb ✓ ccac × accbb × bcac a b

NotSuccession(a, b) a can never occur before b ✓ bbcaa ✓ cbbca × aacbb × abb a b

NotChainSuccession(a, b) a and b occur if and only if 
the latter does not immedi-
ately follows the former

✓ acbacb ✓ bbaa × abcab × cabc a b
Fig. 1. The Declare model of a flight booking process.
fficient via the use of a knowledge base containing information about 

emporal statistics about the (co-)occurrence of tasks within the log. i

3 
Another approach for the discovery of Declare models is described 

n [19]. The presented technique is based on the translation of Declare
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templates into SQL queries on a relational database instance, where the 
event log has previously been stored. An Evolutionary Declare Miner 
that implements the discovery task using a genetic algorithm was pre-
sented in [20]. In [21], the authors investigate how to leverage Model 
Learning algorithms [22] for the automated discovery of deterministic 
finite state automata representing Declare templates from event logs.

The approaches mentioned above specify the discovered process 
models leveraging the original graphical representation of Declare [3]. 
One of the contributions of this paper is the implementation of a web 
application for designing declarative process models using easyDeclare. 
The application also implements a functionality for the discovery of
easyDeclare models. The discovery approach implemented in the ap-
plication follows the one outlined in [17], providing users with an 
efficient and accessible way to extract declarative process models from 
event logs. This web-based tool offers an intuitive interface for process 
discovery, demonstrating how process discovery techniques can bene-
fit from the understandability of easyDeclare. This language enhances 
usability of process discovery algorithms, making it easier for users to 
explore and comprehend complex workflows.

2.3. Designing and developing visual notations

The use of visual notations is extensive throughout engineering 
and information technology (IT), where shapes and patterns aim to 
represent processes, e.g., BPMN, flowcharts, etc. Developing a visual 
language’s syntax requires an informative approach that considers sev-
eral key parameters of visual communication, such as the level of 
cognitive processing required to understand and use the notation, 
the shapes used to communicate the processes, and the conventions 
followed. By documenting this design approach, the final design is 
justified, and insights can be gained into aspects that effectively and 
efficiently communicate processes and those that do not.

Several frameworks provide principles for researchers developing or 
evaluating visual notations within a scientific context. For example, the 
Cognitive Dimensions of Notations (CDs) framework defines 13 dimen-
sions that describe the structure of cognitive artifacts [23], while the 
Semiotic Quality (SEQUAL) framework proposes general qualities for 
models and modeling languages, organized along the semiotic ladder 
(i.e., the scale ‘physical’, ‘empirical’, ‘syntactic’, ‘semantic’, ‘pragmatic’, 
and ‘social’) [24].

However, one of the more notable examples, and one that is exten-
sively used, is The Physics of Notations theory by Moody [13] (PoN). 
PoN provides the foundation for many studies either as a way to 
inform the development of new visual notations or to examine the 
effectiveness of existing ones. This theory presents a framework for how 
visual notations are constructed and processed by the human mind, 
drawing on theories from communication, graphic design, semiotics, 
visual perception, and cognition. Moody’s seminal work emphasizes the 
meanings of graphical symbols and how they are defined by mapping 
them to the constructs they represent [13]. Moody asserts that visual 
variables define a set of atomic building blocks for constructing visual 
notations, where these variables provide the grammar for the notation. 
Therefore, the choice of visual variables should not be arbitrary but 
should consider the conventions of symbols currently used or accepted 
within the field, follow a logical process, and be easily understood 
by those using and interpreting the notation. This consideration is 
particularly important because each variable has properties that can 
make it more suitable for encoding certain types of information over 
others.

Based on this information, Moody presents nine principles for de-
signing cognitively effective visual notation, as shown in Fig.  2. The 
following definitions are described in [25]:

1. Semiotic clarity: There should be a 1:1 correspondence between 
semantic constructs and graphical symbols.
4 
Fig. 2. Moody’s visual variables [13].

2. Perceptual discriminability: Symbols should be clearly distin-
guishable from one another.

3. Semantic transparency: Use symbols whose appearance suggests 
their meaning.

4. Complexity management: Include explicit mechanisms for deal-
ing with complexity.

5. Cognitive integration: Include explicit mechanisms to support 
the integration of information from different diagrams.

6. Visual expressiveness: Use the full range and capacities of visual 
variables.

7. Dual coding: Use text to complement graphics.
8. Graphic economy: Keep the number of different graphical sym-
bols cognitively manageable.

9. Cognitive fit: Use different visual dialects for different tasks 
and/or audiences.

Moody outlines three key properties that should be considered in 
the development of visual notation:

• Level of organization: Each variable can encode a certain level 
of information. For example, the use of color (e.g., red/green) can 
indicate success or error.

• Capacity: While each variable has infinite variations, only a finite 
number can be easily interpreted by the human mind (perceptible 
steps). For example, orientation has an infinite number of possible 
values (angles) but only four perceptible steps (its capacity or 
length).

• Efficiency: The order in which variables are processed (e.g., in 
parallel, sequentially, etc.).

In addition, Moody indicates approaches for dealing with excessive 
graphic complexity, such as reducing semantic and graphic complexity 
and increasing visual expressiveness.

Further emphasizing Moody’s work, both Popescu and Wegmann
[26] and Diamantopoulou and Mouratidis [27] explore the use of 
Moody’s nine principles. Diamantopoulou and Mouratidis [27] assert 
that the design rationale for developing visual notation is often absent 
in the design of visual notations. They infer that this could be due to 
the fact that the description and reporting of the language are oriented 
towards science rather than art or design or that researchers consider 
visual notations as being informal and, therefore, analyze the notations 
based on their semantics, potentially undermining or undervaluing 
the role of design. Similarly, Popescu and Wegmann [26] and Genon, 
Heymans, and Amyot [28] also suggest using the set of nine principles 
defined by Moody [13] to evaluate how effectively modeling languages 
communicate their intended messages. Lastly, others have investigated 
systematic approaches to applying PoNs (e.g., [25,29]), where such 
approaches, such as Van Der Linden, Zamansky, and Hadar [25], 
propose a systematic framework for applying PoNs that focuses on 
guiding designers to make their design choices explicit and grounded 
in evidence and requirements for their notation.
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Fig. 3. Alternative notations for declarative constraints.
2.4. Alternative notations for declarative constraints

Efforts to improve the interpretability of declarative models have 
been diverse, with some graphical notations being proposed. Di Ciccio 
et al. [5] introduced a graphical notation designed for declarative pro-
cesses. Their approach includes two complementary views of a model: a 
local and a global view. The local view focuses on one activity at a time, 
providing detailed insights. The global view offers an overview of the 
entire model, showcasing the interconnections and flow. This notation 
uses a bi-dimensional drawing where time is represented on the ordi-
nates (y-axis) and implication on the abscissa (x-axis). The thickness 
of the boundaries around the boxes representing activities indicates 
their repeatability, cf. Fig.  3(a). This dual view aims to enhance the 
user’s understanding of the process by visually differentiating between 
temporal and causal relationships.

Conversely, Hanser  et al. [6] propose an alternative notation that 
challenges the traditional Declare notation by using circles instead 
of squares. This notation incorporates cursors to indicate sequential 
relations between activities, with inwards and outwards cursors at the 
end of arcs. Optional activities are represented by smaller circles placed 
in the middle of the arc, often accompanied by an asterisk, indicating 
that additional constraints may allow further activities to be executed 
in between.

Hanser’s notation represents an evolution of the declarative tem-
plates initially presented by van der Aalst et al. [3]. It offers a fresh 
perspective on designing process notations by revisiting and modifying 
existing elements, aiming to provide a clearer and more intuitive visu-
alization of constraints and sequences within declarative models. Figs. 
3(a) and 3(b) illustrate these notations, showing the Response(𝑎, 𝑏) and 
AlternateResponse(𝑎, 𝑏) templates encoded using the respective styles 
proposed by Di Ciccio et al. and Hanser et al.

Finally, in 2018, Ferro et al. [12] presented Verto, which included 
restyling the original Declare constraints to align them with the state-
of-the-art design principles for visual notations. The list of Declare con-
straints represented with the Verto notation is shown in Fig.  3(c). These 
visual representations [5,6,12] underscore the distinct approaches to 
modeling and interpreting declarative processes using Declare, each 
with its own set of advantages, limitations and enhancements.
5 
3. Design

In this section, we discuss the rationale behind the design of easy-
Declare. Specifically, in Section 3.1 we first present the results of 
a preliminary analysis conducted with three experts in declarative 
modeling, aimed at gaining insights into their perspectives on the 
understandability of the original Declare notation and, where possible, 
relating these insights to the PoN dimensions. Then, based on this 
analysis, in Section 3.2 we describe the design of easyDeclare.

3.1. Preliminary analysis

The design of easyDeclare was primarily informed by a preliminary 
analysis of the understandability of the original Declare notation [3] 
from the viewpoint of domain experts. The initial design step in-
volved conducting three in-depth, semi-structured interviews [30] with 
domain experts. These experts included two professors and one practi-
tioner, all of whom possessed at least five years of experience using 
and teaching the Declare language. All interviewees were external to 
the pool of authors of this paper, ensuring independence in the evalua-
tion. Each interview was conducted separately (two online and one in 
person) by two of the paper’s authors, namely an expert in declarative 
modeling and another in visual analytics and PoN dimensions. During 
these interviews, experts were asked to evaluate the understandability 
of the Declare notation and discuss its strengths and weaknesses. The 
interviews focused on four major themes:

• Perceived ease of reading, how participants approached interpret-
ing Declare models and whether they found the notation intuitive;

• Interpretation of constraints, how well participants understood the 
meaning of individual Declare constraints and their interaction in 
models;

• Challenges in model comprehension, difficulties encountered when 
interpreting models of different sizes and complexity;

• Perceived ambiguities and usability issues, cases where participants 
reported confusion, alternative interpretations, or a need for clar-
ification.

None of the three experts was familiar with the PoN dimensions [13] 
(researchers and practitioners often lack awareness of these dimen-
sions [31]). The interview data were processed to analyze the experts’ 
utterances concerning understandability, with the aim to link them 
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(when possible) to the PoN dimensions. Additionally, we also con-
ducted a review of the literature on the understandability of declarative 
notations and of Declare in particular. This allowed us to triangulate the 
empirical findings from the interviews with established knowledge and 
prior empirical results.

For the semiotic clarity principle, there should be a 1 ∶ 1 corre-
spondence between semantic constructs and graphical symbols. Declare
activities are depicted as rectangles, while constraints are combinations 
of lines (for alternate and chain alternatives), dots (for activations), and 
arrowheads (for ordering). While this principle is generally observed, 
the mapping between the number of lines used for constraints (two 
lines for alternate templates, three for chain templates) was deemed 
ineffective by Expert 2. This confusion required users to ‘‘double-check 
the correct mapping’’ if they had not recently used Declare. Further-
more, Haisjackl et al. [8] revealed that aspects that appear similar in 
imperative and declarative process modeling languages at a graphical 
level, while having different meanings, caused considerable difficulties.

The perceptual discriminability, dictating that symbols should be 
clearly distinguishable, is affected by the association between the num-
ber of lines and template variations, particularly in complex models 
where identifying variations relying solely on the number of lines was 
not proficient, according to Expert 3.

Figl et al. [9] performed empirical experiments on the semantic 
transparency of Declare, suggesting that the representation of con-
straints as arrows might be semantically perverse to users. The analysis 
performed by Trinh et al. [10] on DCR came to similar conclusions, 
highlighting that arrows are generally associated with sequences rather 
than causality. In line with these findings, all experts indicated that 
arrow-based representations can mislead users into interpreting con-
straints as control-flow dependencies. In particular, Expert 1 empha-
sized the importance of employing visual metaphors that better re-
flect the declarative nature of the models, favoring symbols or spatial 
groupings that communicate relationships and conditions rather than 
sequential order.

Regarding complexity management, Declare does not explicitly ad-
dress the complexity of large models. The exploratory study of Hais-
jackl et al. [8] raised potential concerns, showing that subjects could 
understand a single constraint well, but it is challenging to handle 
a combination of constraints. Additionally, Declare does not include 
explicit mechanisms for cognitive integration or constructs to integrate 
data from different models.

Concerning visual expressiveness, the shape is the primary visual 
variable, while the position of dots indicates activations. The other 
variables are not used, and text (dual coding) is not used for either anno-
tations or hybrid coding. The principle of graphic economy is observed, 
with a limited amount of symbols (lines, dots, bars, arrowheads) used 
to encode binary constraints and rectangles to denote activities. Expert 
1 noted that after users ‘‘grasp and get used to the association between 
the symbols and their meaning, and acquire pattern recognition skills, 
the representations of constraints become natural’’.

About cognitive fit, Experts 2 and 3 observed that imperative
paradigms align more intuitively with the way new users process 
information. This supports the findings of Pichler et al. [11], who 
showed that novice users understand imperative languages better than 
declarative ones. This suggests that Declare might have a lack of 
cognitive fit for novice users.

The analysis concluded that Declare meets some of Moody’s princi-
ples, but significant room for improvement exists, especially concern-
ing perceptual discriminability, semantic transparency, and complexity 
management.

3.2. Design of  easyDeclare

Based on this analysis, we designed a new notation, named easyDe-
clare. The new notation addresses the identified limitations by simpli-
fying the mapping of concepts and aiming at reducing the cognitive 
6 
Fig. 4. Binary constraint between two activities (A and B) as defined by easy-
Declare visual notation. A single glyph over the arc represents the constraint. 
Each constraint primitive has its own glyph; in this figure, the purple box is 
a placeholder for that.

load required to interpret models with many templates. The templates 
in the new notation are constructed by composing a few elementary 
visual elements complying with the graphic economy. These elements 
are designed to be intuitive and easy to remember, reducing the need 
for extensive memorization.

The Declare and Hanser et al. relation templates are constructed by 
applying visual means distributed throughout the arc joining the two 
activities. The templates for constraints implying causality (response, 
precedence, and succession) are shown as cursors (at the end of the 
arc in Declare, at both extremes in Hanser et al.), while activations 
are shown at the ends of the arc (as circles in Declare). In Declare, 
the number of lines represents the variations of the constraint (plain, 
alternate, chain), while negation is represented with two vertical lines 
in the middle of the arc. In Hanser et al. the cursors are positioned 
internally or externally to the activity, depending on the activations, 
and are hollow to represent the negation. The fact that information is 
spread can be an issue when templates are used in models that have 
many constraints. When information is spread across different parts of 
a diagram, users need to mentally connect these parts to understand 
the relationship. This can be cognitively demanding. For this reason, 
we decided to depict the binary templates with a single glyph on the 
arc defined according to the constraint it represents, as shown in Fig. 
4. The arc is a plain line and does not contain any other visual means 
(e.g., arrows) except the glyph.

By consolidating all the information into a single symbol, users can 
interpret the information more quickly and with less mental effort. 
This improves the readability of complex models, as users do not 
need to look at multiple locations to gather the information. When 
information is located at the ends of arcs, there is a higher chance 
of misinterpreting or missing parts of the information, especially in 
complex diagrams. A single symbol minimizes this risk by presenting all 
the relevant information in one place, thereby enhancing accuracy. This 
choice is consistent with the Proximity Compatibility Principle [32], 
which claims that the elements that need to be integrated and processed 
together should be in close proximity. Using a single symbol to repre-
sent the constraint makes all necessary data spatially close, making 
it easier to process the information. However, this design choice may 
also introduce potential trade-offs. In particular, when models are 
mined and contain a large number of constraints, relations may occur 
between events that are positioned far apart in the layout. In such 
cases, the glyph may be visually distant from its source and target 
events, potentially increasing the reliance on the subject’s memory 
and, consequently, cognitive load. Furthermore, in highly dense models 
with a variety of different constraints, the use of arcs with identical 
shapes could reduce perceptual discriminability and create difficulties 
in distinguishing between constraint types.

To foster semiotic clarity, shapes are mapped 1 ∶ 1 to different 
concepts: horizontal rectangles represent activities, squares represent 
relation templates, triangles (arrows) represent sequentiality, and ver-
tical bars represent activations. All the binary templates are shaped 
as squares, with the only variation occurring with Choice(a, b) and 
ExclusiveChoice(a, b), where the shapes are diamonds. The reason for 
this is that the diamond is associated with choice or decision in both 
Flowcharts and UML.

The use of color is another area that, in many ways, offers an 
additional layer of implicit information. For example, the color red 



G. Blasilli et al. Information Systems 138 (2026) 102667 
Fig. 5. An example of a ChainSuccession(a, b) and a NotChainSuccession(a, b). The white background (a) and black background (b) on the constraint symbol 
discriminate between a positive and a negative relation.
suggests an error, while the color green denotes success. In addition, 
the use of color also contains accessibility limitations in situations 
where users may suffer from a vision impairment (e.g., color blindness). 
For these reasons, the only colors that are used for easyDeclare are 
black and white. The first reason is its ease of use and accessibility. By 
using black and white, we mitigate accessibility issues, as the contrast 
between the two is enough to be seen by a majority of users. The 
second reason is related to printing. If a user intends to print their
easyDeclare models, the use of black and white allows it to be clearly 
interpreted regardless of the printer type that is used (i.e., monochrome 
or color). Templates are generally encoded through a black glyph 
over a white background, the opposite for negative constraints. This 
color differentiation allows users to easily tell apart models such as 
ChainSuccession(a, b) and NotChainSuccession(a, b), as shown in Fig.  5, 
where the former is white and the latter is black.

The use of arrows to indicate direction is a well-established conven-
tion in graph theory and diagramming. However, previous studies [9,
10] have shown that in the context of declarative languages, arrows 
can be misinterpreted, as users tend to associate them with sequential 
order rather than with causality. This suggests that their use may 
inadvertently lead to misunderstandings about the type of relations 
being represented.

The proposed notation does not use arrows directly (having no 
additional symbols on the line). However, we decided to represent the 
order between activities in the response, precedence, and succession 
constraints by inserting an arrowhead inside the glyph of the constraint. 
This representation should ensure that the order of activities can be cor-
rectly interpreted even in complex models where they can be positioned 
counter-intuitively (e.g., right to left, bottom to top)

The activations are represented as vertical bars inside the glyph 
representing the constraint. The bars are positioned according to the 
role of the activities; for example, Response(𝖺, 𝖻) has a bar on the left 
of the arrowhead because the activity activating it is the first one, 
while Precedence(𝖺, 𝖻) has a bar on the right because the template it 
activates is the one that follows the other one. Distinctive examples are 
CoExistence(𝖺, 𝖻) and RespondedExistence(𝖺, 𝖻); the symbol of the former 
consists of the two bars of the activations, while the latter has the 
left activation bar and a smaller bar on the right, thus recalling the 
direction of the template.

Finally, variations of relation templates are encoded as annotations 
with letters embedded in the symbol: A for ‘‘Alternate’’ variations, and
C for ‘‘Chain’’ variations. Let us remark that this choice may affect 
semantic transparency, especially for non-native English speakers, as 
suggested by López and Simon [4] in their analysis of DCR. This may 
also affect perceptual discriminability due to the lack of visual distance, 
but we chose this as we did not want to introduce additional elements 
for the graphic economy principle.
Templates. Following the aforementioned primitives, we defined exis-
tence and relation templates. Activities are encoded with white rect-
angles, although a light gray background can optionally be used to 
improve contrast. The name of each activity is written inside the 
rectangle, ensuring clear identification and easy readability. Existence 
constraints are represented as labels attached to the top or the bottom 
of the activity rectangles. These labels contain text that specifies the 
unary constraint. Each template has a fixed position over the activity 
rectangle to leverage preattentive visual properties. The differentiation 
7 
Fig. 6. easyDeclare notation for existence constraints. First row: plain activity 
𝐴, Init(𝐴), End(𝐴). Second row: Absence(1, 𝐴), Existence(1, 𝐴), Absence(𝑚 + 1, 𝐴).

of placement makes the constraints easily recognizable at a glance. Fig. 
6 shows how existence constraints are represented.

Relation templates are represented by a glyph positioned in the 
middle of the arc connecting two activities. The arc is plain, without 
any additional visual elements, ensuring that the focus remains on the 
glyph representing the constraint. Each type of relation template is 
associated with a unique glyph, which is shown in 7.

Example 3.1 (A Flight Booking Process Model).  The scenario presented 
in Example  2.1, which illustrates the process a flight passenger follows, 
is now shown in Fig.  8 using the easyDeclare notation.

4. Alignment with PoN principles

To assess the design of our notation against established guidelines, 
we conducted an expert evaluation focused on Moody’s Physics of 
Notations (PoN) [13]. The goal of this activity was to obtain a critical 
perspective on how well easyDeclare aligns with the PoN principles, 
validating its design choices. For this evaluation, we interviewed two 
PoN experts external to the pool of the paper’s authors, ensuring inde-
pendence in the evaluation. The two experts are a full professor and an 
associate professor, both with extensive experience in human–computer 
interaction and information visualization. In addition, to position our 
notation in relation to previous works, experts were asked to evaluate
Declare and the Hanser et al. notation [6] (in this section, simplified as
Hanser).

4.1. Methodology

We conducted in-depth, semi-structured interviews [30] with the 
two selected experts in a joint session. We chose this method to en-
courage a reflective discussion among the experts and support a deeper 
investigation of the design characteristics of each notation.

We followed a fixed order of analysis: first Declare, then Hanser, 
and finally easyDeclare. Before each analysis, we introduced the nota-
tion, illustrating its syntax, semantics, and visual representation. For 
every PoN dimension, the experts were initially asked to independently 
identify and report all relevant aspects of the analyzed notation that 
related to the specific dimension. Subsequently, the experts jointly 
examined their observations and aligned on a shared interpretation. 
After reaching a consensus, the experts were asked to jointly assign a 
coverage rating for that dimension using a three-level Likert scale: not 
satisfied at all, partially satisfied, or fully satisfied.
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Fig. 7. easyDeclare graphical notation for binary constraints. Template icons are available at https://github.com/easyDeclare/templates.
Fig. 8. The easyDeclare model of a flight booking process, same as Example  2.1 (Fig.  1).
4.2. Results

The results of the interviews are reported in detail for each PoN 
principle in the following, while Table  2 reports a summary of cover-
age. Table  3 summarizes coverage and rationales. Overall, easyDeclare
appeared to improve the coverage of the PoN principles with respect 
to Declare and Hanser, performing better in semiotic clarity, perceptual 
discriminability, semantic transparency, and visual expressiveness. At the 
same time, both Declare and Hanser have been noticed to behave 
similarly in terms of PoN principles application.
Semiotic clarity. The experts judged that only easyDeclare fully satisfies 
the principle of semiotic clarity, as it consistently employs a one-to-one 
mapping between visual symbols and semantic concepts. In contrast, 
both Declare and Hanser were evaluated as only partially satisfying 
8 
this dimension. Declare employs similar visual encodings (lines, dots, 
and bars) across different templates, which can lead to ambiguity.
Hanser has been noted for an improvement over Declare, by introducing 
a mixture of visual forms, such as circles and different line styles; 
however, it still does not clearly distinguish each concept with a unique 
symbol.

Perceptual discriminability. This principle is fully supported only by
easyDeclare, which combines shape and text (for binary constraints) 
and positional coding (for unary constraints) to clearly distinguish 
templates. Declare and Hanser only partially satisfy this principle, with 
experts noting a low visual distance between similar symbols or the 
overuse of minute differences, such as line orientation or slight varia-
tions in arrowheads.

https://github.com/easyDeclare/templates
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Table 2
Assessment of Declare, Hanser, and easyDeclare notations against Moody’s 
Physics of Notations (PoN) dimensions.
PoN dimension Declare Hanser easyDeclare

Semiotic clarity  P  P  S 
Perceptual discriminability  P  P  S 
Semantic transparency  P  P  S 
Complexity management  N  N  N 
Cognitive integration  N  N  N 
Visual expressiveness  P  P  S 
Dual coding  N  N  P 
Graphic economy  S  S  S 
Cognitive fit  N  N  N 

Coverage legend:  S  satisfied,  P  partially satisfied,  N  not satisfied.

Semantic transparency. Declare and Hanser were rated as only partially
satisfying semantic transparency: both employ arrowheads and direc-
tional lines that can wrongly suggest sequentiality instead of causality,
as also confirmed by [9]. In contrast, easyDeclare appears to satisfy the
principle of semantic transparency because it avoids misleading arrows
and incorporates mnemonic glyphs with additional letters (A/C) that
help differentiate symbols.
Complexity management. None of the three notations addresses com-
plexity management. The experts highlighted that the notations share
the goal of representing activities and constraints, and they offer no
solutions oriented to support large and complex models, as also noted
by [8].
Cognitive integration. None of the notations support cognitive integra-
tion.

Visual expressiveness. This principle is defined as the number of visual
variables used in a notation. According to Moody, the visual variables
are eight: horizontal position, vertical position, size, brightness, color,
texture, shape, and orientation. Moody recommended using as many
visual variables as possible: the more visual variables are used, the
higher the visual expressiveness. According to the two experts, Declare
uses 3 visual variables: horizontal position, vertical position, and shape.
Hanser uses 4 visual variables: horizontal position, vertical position,
brightness (where white color is used for negation, as well as for
binary constraints, making it not a unique mapping), and shape. easyDe-
clare employs 5 visual variables: horizontal position, vertical position,
brightness (where white and black distinguish between positive and
negative relations), shape, and orientation. Visual expressiveness was
rated highest for easyDeclare, which uses five out of eight available
visual variables. The absence of size, color, and texture was not con-
sidered critical for this type of notation, pushing the experts to judge
easyDeclare as fully satisfying the principle of visual expressiveness.
Dual coding. Declare and Hanser do not use dual coding solutions.
Conversely, the experts rated dual coding as partially satisfied by easy-
Declare. The notation uses both text and positions for unary constraints.
For binary constraints, variations of relation templates are encoded as
annotations with letters embedded in the symbol: A for ‘‘Alternate’’
variations, and C for ‘‘Chain’’ variations. Experts noted that this does
not comply with the dual coding principle because no other visual
variable is used in conjunction with the text. Since dual coding is not
present in all constraints, the experts rated this principle as partially
satisfied. Additionally, this choice may affect semantic transparency,
especially for non-native English speakers [4].
Graphic economy. All three notations were rated as satisfying the prin-
ciple of graphic economy. Declare uses a very small symbol set (lines,
dots, bars, arrowheads). However, the experts emphasized that this
economy can come at the cost of clarity, where this minimalism leads
to visual ambiguity. Hanser uses a small symbol set, including circles
 

9 
for activities and binary constraints, as well as arrowheads and di-
amondheads for binary constraints. In easyDeclare the symbol set is
slightly larger, including rectangles, bars, triangles, diamonds, circles,
and squares. Although this symbol set is larger than the others, its usage
remains justifiable due to its improved clarity.
Cognitive fit. None of the notations were considered to satisfy the
cognitive fit principle. According to the experts, all three rely on a
single visual vocabulary, offering no customization for different user
groups (e.g., novices vs. experts), a limitation previously highlighted
for Declare by Pichler et al. [11].

5. Evaluation

We designed a controlled experiment to evaluate the proposed
graphical notation. First, we describe the experiment’s design, then
present and discuss the obtained results.

5.1. Design

The design of the experiment relies on the Method Evaluation
Model (MEM) [33], collecting performance-based and perception-based
metrics to evaluate the likelihood of acceptance of easyDeclare. We
designed a comparative experiment in which subjects had to perform
tasks using the original graphical representation of Declare (cf. Table
1), and the one we propose, easyDeclare (cf. Figs.  6 and 7).

A graphical notation for declarative process modeling supports two
elementary tasks:

• Template encoding – given a template, depict it through its graph-
ical representation;

• Template decoding – given the graphical representation of a tem-
plate, identify it correctly.

In its practical application, it typically supports higher-level tasks built
on the elementary ones:

• Model encoding – given a model, depict it through its graphical
representation;

• Model decoding – given the graphical representation of a model,
comprehend its meaning.

For encoding tasks, a template (or a model) was presented to the
subject, who had to select its representation from five alternatives;
conversely, for decoding tasks, the subject had to choose the tex-
tual representation corresponding to the graphical representation of a
template (or a model) given as input.

According to the MEM, the efficacy in performing a task is defined
as the quality of the results (effectiveness) and the effort required
(efficiency) in achieving them. For the experiment tasks, effectiveness
corresponds to the correctness of the result, while efficiency can be
defined as the ratio between the effectiveness and the time spent to
perform the task.

The experiment targets novice users without prior knowledge of
graphical notations for declarative process modeling. Therefore, we
decided to include the evaluation of the learning process of notations
by subjects in the experiment. In the first phase of the experiment, the
subjects had to perform elementary tasks alternated with increasingly
detailed explanations of the notation. The results collected in this phase
contribute to evaluating the semantic transparency and learnability of
the notations.

Some empirical studies [34,35] suggest that problem-solving tasks
can be used to measure understandability. We, therefore, used model
encoding and decoding to evaluate it. We designed the experiment as a
balanced single-factor experiment with repeated measurement [36,37].

Each subject experimented first with one notation and then with the
other. Between the two stages of the experiment, a break was made to
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Table 3
Detailed assessment of Declare, Hanser, and easyDeclare notations against Moody’s Physics of Notations (PoN) dimensions. 
PoN dimension Notation Coverage and Rationale

Semiotic clarity
Declare  P Many constraints look similar; 1:1 concept-symbol not always met.
Hanser  P Shapes are mapped to different concepts: circles represent activities; text annotations for unary constraints; a 

combination of solid and dashed lines, circles, and arrowheads for binary constraints. 1:1 concept-symbol not 
always met.

easyDeclare  S Shapes are mapped 1:1 to different concepts: horizontal rectangles represent activities, squared glyphs represent 
relation binary constraints with triangles (arrows) for sequentiality, and vertical bars for activations.

Perceptual discriminability
Declare  P Low visual distance among constraint symbols, especially when they differentiate only by the number of lines.
Hanser  P Using inward and outward cursors and their combination to represent causality and activations are difficult to 

distinguish.
easyDeclare  S Glyph forms + text (binary) or positional coding (unary) clearly distinguish templates.

Semantic transparency
Declare  P Arrows suggest sequences rather than causality and can be semantically perverse [9].
Hanser  P Arrows suggest sequences rather than causality. Inward and outward c, placed inside or outside the activity 

circles, have different meanings but can be easily confused.
easyDeclare  S No arrows, mnemonic glyphs and letters (A/C) help to differentiate symbols.

Complexity management
Declare  N Large-model complexity: not addressed explicitly [8].
Hanser  N Not addressed.
easyDeclare  N Not addressed.

Cognitive integration
Declare  N No constructs for integrating data from different models.
Hanser  N No constructs for integrating data from different models.
easyDeclare  N No constructs for integrating data from different models.

Visual expressiveness
Declare  P Usage 3 out of 8 visual variables: horizontal position, vertical position, and shape.
Hanser  P Usage 4 out of 8 visual variables: horizontal position, vertical position, brightness, and shape. White color is used 

for negation, but also for binary constraints, so it is not a unique mapping.
easyDeclare  S Usage 5 out of 8 visual variables: horizontal position, vertical position, brightness, shape, and orientation. White 

and black distinguish between positive and negative relations.

Dual coding
Declare  N No usage.
Hanser  N No usage.
easyDeclare  P Unary: text+position. Binary: glyphs with embedded letters for variants (alternate/chain); no usage on other 

binary constraints.

Graphic economy
Declare  S Very small symbol set (lines, dots, bars, arrowheads), but at the cost of clarity.
Hanser  S Small symbol set: circles for activities and binary constraints, arrowheads and diamondheads for binary constraints.
easyDeclare  S Expanded glyph vocabulary (rectangles, bars, triangles, diamonds, circles, squares), keep limited.

Cognitive fit
Declare  N Single vocabulary; no audience-specific variants. Lack of cognitive fit for novice users [11].
Hanser  N Single vocabulary; no audience-specific variants.
easyDeclare  N Single vocabulary; no audience-specific variants.

Coverage legend:  S  satisfied,  P  partially satisfied,  N  not satisfied.
reduce carryover effects. An instance of the experiment is generated by 
randomly choosing the templates and the models used for the tasks. 
Let us remark that the templates and models a user has experienced 
for one notation are different from those experienced for the other 
to reduce learning biases. To minimize order effects (e.g., learning, 
fatigue), we ensured that different participants experienced the condi-
tions in a different order. The experiments lasted 40.83 min on average 
with a standard deviation of 11.85 (not including the 30-minute break 
between the two stages). For each instance created for a user, another is 
created for another one in which the notations are swapped so that the 
order in which they are presented and the variability of the templates 
affect the result the least. This instance is divided into two parts, A and 
B, corresponding to the two notations.

Each part was structured as follows: As the first step, the subject had 
to perform 4 tasks of Template decoding (𝑇𝐷1) and 4 tasks of Template 
encoding (𝑇𝐸1) without a prior explanation of the notation to evaluate 
its semantic transparency.

Afterwards, subjects were provided with the list of templates and 
relative graphical representations (𝐸1), which they could consult for 
a maximum of 3 min. Then, they had to perform another 4 tasks of
Template decoding (𝑇𝐷2) and 4 tasks of Template encoding (𝑇𝐸2).

The subjects were then provided with the list of templates and rel-
ative graphical representations and a brief explanation of the rationale 
behind the notation (𝐸2), which they could consult for as long as they 
deemed necessary.

Finally, they had to perform the last block of tasks composed 
of 4 tasks of Template decoding (𝑇𝐷3), 4 tasks of Template encoding 
(𝑇𝐸 ), 4 tasks of Model decoding (𝑀𝐷 ), and 4 tasks of Model encoding 
3 1

10 
(𝑀𝐸1). Fig.  9 shows an example of a Model decoding task. Abbad-
Andaloussi et al. [38] introduced tailored metrics to measure the 
complexity of declarative models. The 𝑆𝑖𝑧𝑒 of a declarative process 
model is the sum of its activities and constraints, its 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 is the 
maximum ratio of constraints over activities in the weakly connected 
components of the graph, and the 𝑆𝑒𝑝𝑎𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 is the number of weakly 
connected components over the number of activities and constraints 
in the model. The models used in the experiment have 𝑆𝑖𝑧𝑒 = 7, 
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 4∕3, 𝑆𝑒𝑝𝑎𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∈ [1∕7, 2∕7]. Templates were chosen 
randomly, while the models were created manually to ensure their 
consistency. Specifically, the tested models were generated with the 
following guarantees: (i) each constraint was covered in at least one 
model; and (ii) the same template (even with different activities) could 
not appear more than once in the same model.

We collected the score (i.e., 10 if the answer is correct, 0 otherwise) 
and elapsed time for each performed task, and the time devoted by each 
subject to the two explanations.

Additionally, at the end of each part, the subjects had to answer 
a questionnaire regarding their perception of the graphical notation 
adapted from Abrahão et al. [39] visible in Table  4.

The users had to answer 16 questions with a five-level Likert scale, 
ranging from ‘‘strongly disagree’’ to ‘‘strongly agree’’. The answers are 
then mapped into a numerical value ranging from [0, 10]. The questions 
are intended to estimate three perception-based variables: Perceived 
Ease of Use (PEOU), i.e., the degree to which a person believes that us-
ing a particular technology or system will be free from effort; Perceived 
Usefulness (PU), i.e., the extent to which a person believes that using 
a specific technology or system will provide some beneficial outcome; 
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Fig. 9. Example of a Model decoding task for the easyDeclare notation where the correct answer is the last one.
Table 4
Questionnaire used to assess the user perception of the graphical notation. 
Source: Adapted from Abrahão et al. [39].
 Item Statement  
 PEOU1 The graphical notation is simple and easy to use.  
 PEOU2 Overall, it was easy to understand what the 

graphical templates represent (Template Decoding).
 

 PEOU3 Overall, it was easy to understand what the 
graphical models represent (Model Decoding).

 

 PEOU4 Overall, it was easy to represent the templates 
with the graphical notation (Template Encoding). 

 

 PEOU5 Overall, it was easy to represent the models with 
the graphical notation (Model Encoding). 

 

 PEOU6 The graphical notation is easy to learn.  
 PU1 Overall, I found the graphical notation to be 

useful. 
 

 PU2 Overall, I think this graphical notation provides an 
effective way of describing declarative templates. 

 

 PU3 I believe this graphical notation would reduce the 
time required to model declarative processes. 

 

 PU4 I believe this graphical notation is useful for 
modeling business processes in complex 
environments.

 

 PU5 I believe that the models obtained with this 
graphical notation are organized, clear, concise 
and non-ambiguous. 

 

 PU6 I believe this graphical notation has enough 
expressiveness to represent declarative processes. 

 

 PU7 Using this graphical notation would improve my 
performance in describing complex business 
processes. 

 

 ITU1 I would use this graphical notation to specify 
complex business processes. 

 

 ITU2 It would be easy for me to become knowledgeable 
in using this graphical notation.

 

 ITU3 I would recommend the use of this graphical 
notation to describe complex business processes.

 

and Intention to Use (ITU), i.e., the user’s motivation or plan to employ 
a particular technology or system in the future. We acknowledge that 
a similar analysis exploring the perceived usefulness and ease of use of 
11 
two declarative process languages other than Declare, namely DCR and 
CMMN, was conducted by Jalali in [40].

5.2. Hypotheses

According to the Goal-Question-Metric (GQM) template [41], the 
experimentation goal is to: Analyze the declarative process modeling 
graphical notations easyDeclare and Declare, for the purpose of  evalu-
ating their effectiveness and efficiency, with respect to their semantic 
transparency, learnability, understandability, ease of use, usefulness, 
and intention to use, from the point of view of  novice and non-expert 
users.

The evaluation measures 3 performance-based variables (semantic 
transparency, learnability, and understandability) and 3 perception-
based variables (PEOU, PU, and ITU). Table  5 shows the independent 
and dependent variables of the study and how they were calculated.

The results are analyzed with a paired t-test to check whether there 
is a statistically significant difference between the average performance 
with the two notations (𝑝 − 𝑣𝑎𝑙𝑢𝑒 < 0.05). Specifically, we formulate the 
following hypotheses:

Semantic transparency.

H10 Users without prior knowledge of easyDeclare and Declare have 
the same effectiveness and efficiency in decoding templates 
represented with the two notations.

H20 Users without prior knowledge of easyDeclare and Declare have 
the same effectiveness and efficiency in encoding templates with 
the two notations.

Learnability.

H30 Users without prior knowledge of easyDeclare and Declare have 
the same effectiveness and efficiency in learning to decode tem-
plates represented with the two notations.

H40 Users without prior knowledge of easyDeclare and Declare have 
the same effectiveness and efficiency in learning to encode tem-
plates with the two notations.

H50 Users without prior knowledge of easyDeclare and Declare take 
the same amount of time to memorize the two notations.
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Table 5
Independent and dependent variables.
 Type Subtype Name Measure  
 Independent variables Graphical notations Declare  
 easyDeclare  
 

Dependent variables

Performance variables Score Correct answer: 10, Wrong answer: 0  
 Time Seconds  
 

Performance-based variables

Semantic Transparency effectiveness Score of 𝑇𝐷1 , 𝑇𝐸1  
 Semantic Transparency efficiency Score/Time of 𝑇𝐷1 , 𝑇𝐸1  
 Understandability effectiveness Score of 𝑀𝐷1 ,𝑀𝐸1  
 Understandability efficiency Score/Time of 𝑀𝐷1 ,𝑀𝐸1  
 Learnability effectiveness Score of (𝑇𝐷1 , 𝑇𝐷2 , 𝑇𝐷3), (𝑇𝐸1 , 𝑇𝐸2 , 𝑇𝐸3)  
 Learnability efficiency Score/Time of (𝑇𝐷1 , 𝑇𝐷2 , 𝑇𝐷3), (𝑇𝐸1 , 𝑇𝐸2 , 𝑇𝐸3) 
 Learnability time Time of 𝐸1 , 𝐸2  
 

Perception-based variables
Perceived Ease of Use Mean of PEOU1, . . . , PEOU6 from Table  4  

 Perceived Usefulness Mean of PU1, . . . , PU7 from Table  4  
 Intention to Use Mean of ITU1, . . . , ITU3 from Table  4  
Understandability.

H60 Users have the same effectiveness and efficiency in decoding 
models represented with the two notations.

H70 Users have the same effectiveness and efficiency in encoding 
models with the two notations.

Perception-based variables.
H80 The Perceived Ease of Use is the same for the two notations.
H90 The Perceived Usefulness is the same for the two notations.
H100 The Intention to Use is the same for the two notations.
Subjects. The subjects who participated in the experiment are 31 stu-
dents with prior knowledge of the syntax and semantics of declarative 
process modeling templates but not of their graphical notations. We had 
to discard one result due to technical problems that occurred during the 
experiment, reducing the number of valid experiments to 30.

The use of students as subjects might affect the experiment’s ex-
ternal validity; however, they are relatively close to the population 
of interest, being the next generation of professionals, and can be 
considered representative of novice and non-expert users of declarative 
process modeling [42,43]. We anonymously collected the results and 
did not inform subjects of which notation we proposed to limit the 
experimental bias that may affect the experiment’s internal validity.

Subjects were 15 males and 15 females, 29 Master students and 1 
Ph.D. student in Engineering in Computer Science.

5.3. Analysis

Semantic transparency. Regarding semantic transparency (Fig.  10), al-
most no significant differences emerge between the two notations. The 
only difference appears in the template decoding effectiveness (Fig. 
10(a)), where using easyDeclare (𝜇𝐸 = 6.4) is greater than using Declare
(𝜇𝐷 = 5.0). This difference is not statistically significant in template 
efficiency (Fig.  10(b)) for both decoding and encoding.

    

Results: H10 is partially rejected for the difference in the average 
effectiveness. However, no significant differences were observed 
in the efficiency of decoding. This is because the users were more 
effective using easyDeclare but at the cost of more time taken to 
respond. H20 is accepted, thus no differences were found between 
the two notations for encoding.

Learnability. Subsequently, subjects were provided with a list of tem-
plates and their relative graphical representations. The data show no 
statistically significant differences in the time the subjects spent on 
the two notations (Fig.  11(e).E1). Subsequent decoding tasks show 
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no significant differences in efficiency and effectiveness. Conversely, 
template encoding shows significant differences between the two no-
tations, with easyDeclare having better performance both in terms of 
effectiveness (Fig.  11(a) 𝜇𝐸 = 9.7, 𝜇𝐷 = 8.8) and efficiency (Fig.  11(b)
𝜇𝐸 = 1.6, 𝜇𝐷 = 1.3).

The subjects were then provided with a list of templates and their 
relative graphical representations, along with a brief explanation of the 
rationale behind the notation. The time spent on the two notations is 
different in this case (Fig.  11(e).E2), with that devoted to easyDeclare
(𝜇𝐸 = 32.4) significantly lower than that devoted to Declare (𝜇𝐷 =
61.4). The last block of template decoding and encoding tasks does not 
show significant differences. The only difference appears in decoding 
efficiency (Fig.  11(d)), with the efficiency of easyDeclare (𝜇𝐸 = 1.45) 
higher than the efficiency with Declare (𝜇𝐷 = 1.16).

    

Results: H30 is almost fully accepted; however, the third time 
the subjects had to decode the templates, they were more effi-
cient using easyDeclare. H40 is partially rejected; after the first 
explanation of the notations, subjects showed that they were 
more effective and more efficient using easyDeclare. However, 
these differences are not significant after further explanation 
of the notations. The analysis of the time spent analyzing the 
notations seems to confirm these results. While the time spent 
on the first explanation does not show significant differences, the 
time spent on the second explanation is significantly higher for
Declare, suggesting that the subjects were less confident with this 
notation. H50 is thus partially rejected.

Understandability. The tasks dealing with the decoding and encoding 
of entire models are where the most significant differences emerged 
(see Fig.  12). Decoding performance with easyDeclare was better than 
with Declare, both for effectiveness and efficiency. With easyDeclare, 
subjects scored on average 𝜇𝐸 = 8.2 for effectiveness and 𝜇𝐸 = 0.29
for efficiency, whereas with Declare the performance was much lower 
(𝜇𝐷 = 2.9 for effectiveness and 𝜇𝐷 = 0.11 for efficiency). Similar 
performances were observed in model encoding. The effectiveness of
easyDeclare (𝜇𝐸 = 9.3) was much higher than that of Declare (𝜇𝐷 =
4.7); similarly, the efficiency of the former (𝜇𝐸 = 0.46) was higher 
than the efficiency of the latter (𝜇𝐷 = 0.27). The exploratory study 
of Haisjackl et al. [8] observed a discrepancy in the understanding of
Declare similar to that found in this study, showing that subjects could 
understand a single constraint well, but that it is challenging for them 
to handle a combination of constraints.



G. Blasilli et al.

Fig. 10. Semantic transparency. Dots show means; vertical bars denote mean ± SD. Reported p-values compare the two notations. Numerical results are in Fig.  14. 
easyDeclare statistically performs better than Declare in decoding effectiveness. For the other measures, almost no differences emerge between the two notations.

Fig. 11. Learnability. Dots show means; vertical bars denote mean ± SD. Reported p-values compare the two notations. Numerical results are in Fig.  14. easyDeclare 
statistically performs better than Declare in Task T2 for both encoding effectiveness and efficiency; in task T3 for decoding efficiency; and in E2 learning time.
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Fig. 12. Model Understandability. Dots show means; vertical bars denote mean ± SD. Reported p-values compare the two notations. Numerical results are in 
Fig.  14. easyDeclare statistically performs better than Declare in effectiveness.
Fig. 13. Perception-based variables. Dots show means; vertical bars denote mean ± SD. Reported p-values compare the two notations. Numerical results are 
in Fig.  14. easyDeclare statistically performs better than Declare in Perceived Ease of Use (PEOU) and Intention to Use (ITU). No statistical difference appears in 
perceived Usefulness (PU).
    

Results: Both hypotheses on understandability are rejected. The 
differences shown are substantial for both decoding and encoding 
models in terms of effectiveness (H60) and efficiency (H70). Al-
though they cannot be considered conclusive, these results show 
that the users were consistently more proficient using easyDeclare
both in model encoding and decoding tasks.

Perception-based variables. Perception-based variables show some dif-
ferences between the two notations (see Fig.  13). More specifically, 
the PEOU of easyDeclare (𝜇𝐸 = 7.88) is higher than that of Declare
(𝜇𝐷 = 6.47). Similarly, the ITU of easyDeclare (𝜇𝐸 = 7.25) is higher than 
that of Declare (𝜇𝐷 = 6.06), while the PU does not show significant 
differences.

    

Results: H80 is rejected, suggesting that the Perceived Ease of 
Use of easyDeclare is higher than that of Declare. Similar con-
siderations arise for the Intention to Use, as H100 is rejected. 
Conversely, the Perceived Usefulness does not show significant 
differences, as H90 is confirmed.

5.4. Threats to validity

In the following, we discuss aspects threatening the validity of our 
study following the categorization proposed by Wohlin et al. [44].
Internal validity. Abbad-Andaloussi et al. [38] defined different metrics 
to evaluate the complexity of declarative process models and investi-
gated their relationship with cognitive load. An important observation 
is that the models we used in our study did not have different levels of 
complexity between them. This implies that the resulting analysis relies 
14 
on a specific cognitive load, and we have not analyzed whether the 
results change as the complexity of the models changes (and thus as the 
required cognitive load changes, cf. [37] for an extensive study of this 
matter). Furthermore, not all users have tested all templates for both 
notations. The templates used in the study were extracted uniformly, 
and we verified before conducting the experiment that all templates 
were examined by at least one user in each notation for decoding or 
encoding. The pairwise generation of the traces for the experiment 
ensures that the same templates (and patterns) were evaluated for both 
notations, but not that all templates have the same level of coverage.
Construct validity. Regarding construct validity, different factors
threaten the validity of the study. To evaluate semantic transparency, 
we evaluated whether users were able to correctly associate templates 
with their graphical representations. This binary way of measuring 
semantic transparency can only be considered an approximation of 
the definition given by Moody who noted how it can vary on a scale 
from semantic immediate to semantic perverse. The experiment does 
not include specific measures or questionnaires designed to probe 
the subjects’ subjective understanding of the semantic transparency 
of individual symbols or their position on a ‘‘perverse to immedi-
ate’’ scale. Another concern for construct validity (and indirectly to 
conclusion validity) is that the results seem to be affected by the 
ceiling effect [45]. This seems especially relevant for T2 and T3 in 
which many participants were able to achieve maximum scores (in 
terms of effectiveness) with both notations, thus reducing the statistical 
significance of the results. An additional aspect to consider is that 
we measured understandability through model encoding and decoding 
tasks. This is not necessarily representative of all aspects related to 
understandability, and there may be comprehension tasks where the 
effectiveness of notation differs. An example might be tasks where 
the user is interested in identifying all the constraints activated by a 
specific activity for which we expect Declare to perform much better 
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Fig. 14. Analysis results across tasks and measures. Each panel reports, for easyDeclare (e) and Declare (D), the mean and standard deviation (SD). The top row 
shows the between-notation 𝑝-value (bold when 𝑝 < 0.05).
by representing the activations directly on the activity. We did not 
investigate explicitly whether the two notations have differences in 
supporting the identification of inconsistencies in the models [46]. The 
models used had no inconsistencies, and the study does not include 
tasks for moving from a model to an execution trace that could have 
supported this investigation.
External validity. Using novice users in experiments can threaten exter-
nal validity [47] because the results may not generalize to real-world 
scenarios where experienced users use the notation. This creates an 
interaction of selection and treatment threat, meaning the findings 
may be specific to novices and not applicable to skilled practition-
ers. Experienced users may have different problem-solving strategies, 
cognitive loads, or efficiency levels, leading to different outcomes in 
practice. Specifically, their perception of the Perceived Usefulness has 
limited significance as they have no experience with the use of these 
instruments. In order to test the learnability in a controlled way, it 
was necessary to establish a single learning process, which may not, 
however, correspond to the actual learning process of a notation. This 
type of assessment can provide insights into the differences in the 
learning of the two notations but the results cannot be considered 
conclusive. Furthermore, the experts who examined the three notations 
in terms of their alignment with the PoN dimensions are not experts 
in declarative languages. They were introduced to the notation by the 
authors of the paper, and this may have introduced a bias into their 
assessment.
15 
Conclusion validity. The relatively low number of users who carried out 
the experiment may influence the significance of it. Analysis of the 
results also showed that a statistically significant difference was not 
measured for all variables. For semantic transparency, we observed a 
significant difference only in decoding effectiveness. In the variables 
measured to test learnability, we observed some significant differences 
but not enough to ensure that the whole learning process of easyDeclare
is undoubtedly more effective or more efficient than Declare. The eval-
uation of understandability showed the greatest differences; however, 
we must emphasize that the results may be influenced by fatigue 
accumulated during the experiment. Users conducted two consecutive 
sessions in which they evaluated one notation first, then the other. The 
overall duration of the experiment and the fact that they had to learn 
and use one notation first and then the other may have influenced the 
results and induced a carryover effect.

6. EDD – EasyDeclare Designer

We developed EDD – EasyDeclare Designer – a tool to support 
the creation and editing of models based on our proposed graphical 
notation. Furthermore, it supports process discovery activities from 
event logs. EDD is an open-source web application implemented in 
JavaScript, along with a Python backend, and is freely available along 
with its source code at https://github.com/easyDeclare/EDD. Further 

https://github.com/easyDeclare/EDD
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Fig. 15. An overview of the EDD interface. It is composed of three panels: (A) Canvas Pane, (B) Details Pane, and (C) Overview Pane.
details about the tool, including features and technical specifications, 
are reported in Section 6.1.

To evaluate the usability of EDD, we conducted a user study using 
the System Usability Scale (SUS), a common approach for measuring 
the usability of systems, providing a quantitative score that reflects 
the overall user experience and assesses their perceived usability. The 
results of the SUS indicated a high usability level, achieving an A+ 
rating. Details about this evaluation are reported in Section 6.2.

6.1. Tool overview

The interface of EDD has been designed to be simple and efficient. 
As shown in Fig.  15, it is composed of three panels: (A) Canvas Pane, 
(B) Details Pane, and (C) Overview Pane.

The main pane is the Canvas (A) on the left side of the interface, 
which shows the model. This pane also offers an interactive interface 
for model creation and manipulation. Users can create activities by 
double-clicking on an empty area of the canvas. To create binary 
constraints between activities, users can mouse over the border of an 
activity and drag it to another activity. Although the tool automatically 
arranges activities and constraints on the canvas to maintain an orga-
nized layout, users can manually adjust the positions by dragging these 
elements across the canvas, allowing for a custom layout. Furthermore, 
the canvas supports zoom and pan functionalities, supporting users to 
manage models of various sizes.

On the right side of the interface is the Details Pane (B), which pro-
vides an overview of the existing activities and constraints in the model. 
This pane also displays details about each activity and constraint, 
allowing the editing of their properties.

In the bottom right corner of the interface, there is the Overview 
Pane (C). This pane shows the overview of the entire model, high-
lighting which part is currently visible in the canvas, following the 
focus+context visual paradigm. This feature enables users to maintain 
a comprehensive view of the entire model, even as they zoom in and 
out on the canvas to work on different areas.

To allow for the interoperability of the tool, we implemented exist-
ing standards for the input and output of model files, such as decl [48] 
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and RuM [49]. Additionally, we defined a new input/output format 
named edj, which is based on JSON and contains information about 
activities, constraints, and layout. This format is detailed in the tool 
repository.

An additional feature of EDD is the capability to support process 
discovery activities, enabling users to derive declarative process models 
directly from event logs. To achieve this, the tool accepts event logs 
in the well-known XES format [50]. By leveraging Declare4Py [51], 
a Python library for Declare model discovery, EDD can analyze the 
provided event logs and extract the underlying easyDeclare model, 
i.e., the declarative constraints describing the process traced in the 
logs. The discovery results benefit from the usability of easyDeclare
(demonstrated in the following section), making it easier for users to 
interpret and interact with the extracted declarative models.

6.2. Usability evaluation

To evaluate the usability of EDD, we conducted a user study using 
the System Usability Scale (SUS) [52,53]. The SUS is a questionnaire 
composed of ten questions designed to assess the perceived usability 
of a system. The user, after having performed tasks on the system, is 
required to answer the 10 questions with a value on a five-level Likert 
scale, ranging from ‘‘strongly disagree’’ to ‘‘strongly agree’’. The answers 
are then mapped into a numerical value ranging from [0, 10], and their 
sum becomes the SUS score assigned to the system, which ranges from 
[0, 100]. Additionally, Lewis and Sauro [54] defined a scale mapping 
the SUS score into 11 grades from higher to lower: [A+, A, A−, B+, B, 
B−, C+, C, C−, D, F].

The ten questions of the SUS are reported in the following:

Q1. I think that I would use this system frequently;
Q2. I found the system unnecessarily complex;
Q3. I thought the system was easy to use;
Q4. I think that I would need the support of a technical person to be 

able to use this system;
Q5. I found the various functions in the system were well integrated;
Q6. I thought there was too much inconsistency in this system;
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Q7. I would imagine that most people would learn to use this system 
very quickly;

Q8. I found the system very awkward to use;
Q9. I felt very confident using this system;
Q10. I need to learn a lot of things before I could get going with this 

system.

The user study involved 18 researchers and practitioners in the pro-
cess mining field, covering a diverse range of expertise. The participants 
included 1 associate professor, 3 assistant professors, 10 Ph.D. students, 
2 master students, 1 bachelor student, and 1 process mining consultant. 
Participants’ average age is 29. Notably, none of the selected users had 
conflicts of interest with the authors of this paper, ensuring an unbiased 
evaluation of the tool’s usability.

6.2.1. Methodology
Participants were first asked to evaluate their expertise in three 

areas: (a) declarative process modeling and related graphical notations, 
(b) imperative process modeling and related graphical notations, and 
(c) BPMN and related graphical notations. This was done using a five-
level Likert scale ranging from ‘‘not competent ’’ to ‘‘highly competent ’’. 
Next, we briefly reviewed the basic concepts of Declarative Process 
Modeling and illustrated our proposed visual notation. We then pre-
sented EDD, explained its functionalities, and allowed the participants 
ten minutes to familiarize themselves with the tool.

To test the system functionalities, we designed two tasks (T1 and 
T2) for the users to complete. After completing the tasks, participants 
were asked to fill out the SUS questionnaire. Finally, participants were 
invited to submit any additional comments and feedback on the tool 
anonymously through an online form, ensuring fair responses and 
providing valuable insights for future improvements.

T1. The first task is designed to familiarize users with the system by 
creating a simple model from scratch. Users were asked to model an 
Emergency Room procedure as follows:

1. Open the tool and create a new project.
2. Add three new activities named Registration, Admission, and Triage.
3. Add a Init unary constraint to the activity Registration.
4. Add an Existence constraint with cardinality 0...1 to the activity
Registration.

5. Add a binary constraint AlternateResponse(𝑅𝑒𝑔𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛).
6. Add a binary constraint Succession(𝑅𝑒𝑔𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 𝑇 𝑟𝑖𝑎𝑔𝑒).
7. Add a binary constraint Precedence(𝑇 𝑟𝑖𝑎𝑔𝑒, 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛).
8. Save the model to a local file.

T2. The second task involves modifying an existing and more complex 
model (shown in Fig.  15), which represents a booking procedure for 
flight tickets. Users were asked to:

1. Open the ‘‘flight.edj’’ file in the tool.
2. Add a Init unary constraint to the activity StartBooking.
3. Add a End unary constraint to the activity BoardFlight.
4. Add a new activity named UndoBooking.
5. Add a binary constraint NotSuccession(𝐵𝑜𝑎𝑟𝑑𝐹 𝑙𝑖𝑔ℎ𝑡, 𝑈𝑛𝑑𝑜𝐵𝑜𝑜𝑘𝑖𝑛𝑔).
6. Add a binary constraint NotSuccession(𝑈𝑛𝑑𝑜𝐵𝑜𝑜𝑘𝑖𝑛𝑔, 𝑃 𝑟𝑜𝑣𝑖𝑑𝑒𝐷𝑎𝑡𝑎).
7. Transform the Choice(𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝐷𝑎𝑡𝑎, 𝑃 𝑎𝑦) into 
ChainSuccession(𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝐷𝑎𝑡𝑎, 𝑃 𝑎𝑦).

8. Invert the order of activities in the
AlternateSuccession(𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑇 𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛, 𝑃 𝑎𝑦) to
AlternateSuccession(𝑃𝑎𝑦, 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑇 𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛).

9. Save the model to a local file.

The correct model, after the required modifications, is shown in Fig. 
8.
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6.2.2. Results
Participants’ expertise was assessed using a five-level Likert scale, 

where ‘‘not competent ’’ was encoded as 0 and ‘‘highly competent ’’ as 10. 
The expertise levels were as follows (with 𝜇 and 𝜎 being the average 
score and the standard deviation, respectively):

• Declarative process modeling: theory 𝜇 = 5.56, 𝜎 = 3.16; related 
graphical notations 𝜇 = 5.42, 𝜎 = 3.56.

• Imperative process modeling: theory 𝜇 = 5.52, 𝜎 = 3.56; related 
graphical notations 𝜇 = 5.42, 𝜎 = 3.76.

• BPMN: theory 𝜇 = 7.36, 𝜎 = 2.5; related graphical notations 
𝜇 = 7.08, 𝜎 = 2.88.

Overall, the SUS results demonstrate a highly positive evaluation of 
the tool’s usability, with an average grade of A+, an average score 
of 𝜇 = 87.64 ± 3.48 (confidence level: 95%), and a median of 90. 
This indicates that users generally found the system very usable. The 
standard deviation of 𝜎 = 7.54 suggests relatively low variability in 
scores, meaning that most users had a similar usability experience with 
the tool. Detailed question and score results are shown in Fig.  16.

Interestingly, question Q1 — I think that I would use this system 
frequently — received the lowest median among all questions. However, 
this does not necessarily indicate an issue with the tool’s usability. 
When participants were asked to comment on their responses to Q1, 
many explained that their roles do not involve frequent creation or 
editing of models, thus reducing the need for regular system use.

Participants provided several positive comments and valuable sug-
gestions for improving the tool. Users generally appreciated its visual 
design and usability. For example, one user commented, ‘‘Very nice 
visual tool, with clear feedback and high usability level’’. Another noted, 
‘‘In general, I found the tool very simple to use’’.

Despite these positive remarks, users also offered constructive feed-
back for enhancements. One suggestion was to ‘‘add support for multiple 
projects open at the same time in different tabs’’, which would improve 
multitasking capabilities. Another user suggested, ‘‘It would be helpful 
to double-click on an activity to rename it ’’, indicating a potential im-
provement in interaction design. Additionally, implementing keyboard 
shortcuts, such as ‘‘clicking on an activity and pressing the delete key to 
remove the activity ’’, was also recommended.

7. Conclusion

Providing interpretable and easy-to-understand process models is a 
precondition for developing effective visual analytics tools in process 
mining [1]. In this paper, we introduced and evaluated a new graph-
ical notation, easyDeclare, designed to improve the interpretability 
of declarative process discovery results. Traditional process model-
ing languages, while effective for specialists, often pose comprehen-
sion challenges for non-experts due to their complexity and technical 
nature [55].

The design of easyDeclare was informed by Moody’s Physics of Nota-
tions (PoN) principles, with insights from expert interviews guiding our 
approach to refining the notation. However, fully adhering to PoN often 
involves managing intrinsic trade-offs [56]. For example, accentuating
Graphic Economy (i.e., reducing the total number of graphical symbols) 
may limit Semiotic Clarity, where a one-to-one mapping between sym-
bols and semantic constructs becomes more challenging to maintain. 
In developing easyDeclare, we balanced these trade-offs to achieve an 
effective visual notation. Furthermore, we interviewed experts who 
analyzed in detail the adherence of Declare, the Hanser et al. notation, 
and easyDeclare to Moody’s principle.

Since the PoN principles generally provide guidelines rather than 
rigid prescriptions, we also conducted a controlled experiment to evalu-
ate our proposed notation. A further step would be an expert study that 
analyzes in detail the adherence of the new notation to Moody’s princi-
ples and a further experiment with practitioners to test the effectiveness 
and efficacy of the proposed notation.
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Fig. 16. System Usability Scale (SUS) results for EDD. These results indicate a high usability level, with an average rating of A+ (score 87.64).
The experiment evaluated the proposed graphical notation against 
the pre-existing standard, Declare, focusing on performance and percep-
tion metrics. In decoding tasks, easyDeclare showed higher effectiveness 
than Declare, although it took more time, indicating better accuracy 
but reduced efficiency. For encoding tasks, there were no significant 
differences in effectiveness or efficiency between the two notations. 
There was no significant difference in the initial time spent learning 
both notations. However, easyDeclare required significantly less time 
for subsequent explanations. In template encoding tasks, easyDeclare
showed better performance after initial explanations, though differ-
ences became insignificant after further explanations. In both decoding 
and encoding tasks for models, easyDeclare outperformed Declare in 
terms of effectiveness and efficiency, suggesting that it handles com-
plexity better. easyDeclare was perceived as easier to use (PEOU) and 
users were more likely to use it in the future (ITU). There were no 
significant differences in perceived usefulness (PU) between the two 
notations.

However, fully adhering to PoN involves managing intrinsic trade-
offs. For example, in striving for Graphic Economy, easyDeclare chose 
to encode template variations (Alternate/Chain) using embedded letters 
(A/C). The PoN evaluation noted this choice partially impacts Semantic 
Transparency and Dual Coding.
18 
As a venue for future work, informed by the systematic compari-
son, we intend to explore how design elements from other notations 
that satisfy graphic economy, such as the minimalist visual set used 
by Hanser et al. [6], could be adapted to address these trade-offs 
in easyDeclare. Specifically, future research will focus on integrating 
alternative graphical approaches for encoding template variants (A/C) 
to enhance Semantic Transparency and Dual Coding without sacrificing 
Graphic Economy, drawing lessons from the range of design choices 
identified in the multi-notation PoN review. Finally, we aim to explore 
the understandability of the single Declare and easyDeclare constraints, 
investigating how specific constraints impact cognitive load and the 
learning curve for users.

In conclusion, easyDeclare demonstrated superior effectiveness and 
efficiency in complex tasks and higher user satisfaction in ease of use 
and intention to use, making it a promising alternative to the tradi-
tional graphical notation provided by Declare for declarative process 
modeling.

Furthermore, we aim to integrate easyDeclare into a declarative 
process mining suite, such as RuM [49], to broaden its usage among 
practitioners and conduct further longitudinal user tests.

The artifacts presented in this paper are available in the official easy-
Declare GitHub organization at https://github.com/easyDeclare. Both 
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the template images for easyDeclare and the open-source code of the 
EDD tool are available. This organization will be used to maintain 
and expand the notation, support tool development, and facilitate 
reproducibility.
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