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ABSTRACT Clear and cognitively compelling diagrams representing organizational reality are crucial
for structured communication, proper information systems implementation, and ultimately, organizational
success. Design and Engineering Methodology for Organizations (DEMO), a standard from the field of
Enterprise Engineering, provides representations for Process and Fact Models. However, the complexity
of its notations can impede stakeholder understanding. New representations for these models have been
proposed, but lacked formal evaluation across diverse user groups. This paper addresses this gap by assessing
user perception of both standard and newly proposed DEMO representations. We conducted a family
of three evaluation studies using mixed research methods across distinct user groups (N = 32). Results
show a unanimous preference for the new representations in terms of perceived quality and functional
suitability, supporting most of our hypotheses. Our study does not support the claim that familiarity with
the modeling language improves perception of empirical quality. This research expands the knowledge base
on the underexplored area of user experience within DEMO models and representations.

INDEX TERMS Business process management, business process re-engineering, cognitive processes, data
models, information representation, knowledge management, modeling, process modeling, requirements
management, user experience.

I. INTRODUCTION for representing organizational processes and facts are

Efficient information and communication systems are
vital for organizational success, driving change, evolution,
and productivity [1]. However, the effectiveness of these
structures hinges on the underlying design of both the
organizational and information systems [1]. Flawed or
incomplete design can hinder productivity and, consequently,
organizational success.

Within enterprises, it is crucial to represent its information
system and respective processes and facts clearly. Standards
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provided by modeling methodologies, such as Design and
Engineering Methodology for Organizations (DEMO) [1].
DEMO’s interrelated models and diagrams allow us to spec-
ify a concise, comprehensive, and technology-independent
representation of organizational reality [1]. DEMO’s Spec-
ification Language specifies the notation to be used in the
representation of its models [1], namely for the Process
Model to represent business transactions, and the Fact Model
to represent facts.

Nevertheless, complex modeling notations can hamper
stakeholders’ understanding, especially of process and fact
models, which are critical for successful system planning
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and implementation [2], [3], [4]. Studies highlight the
toil of process modeling, mainly owing to the miscella-
neous competencies of those involved and the inherent
difficulty of understanding the notation semantics [2], [4],
[5]. Consequently, guaranteeing model comprehensibility to
stakeholders has become critical.

Modeling an organization (or part of it) requires a
comprehensive methodology to represent its processes and
information. The perceived quality and suitability of repre-
sentations affect a system’s adequacy and implementation
effectiveness [2], [6]. Imprecise or ambiguous representations
can lead to system inadequacies and jeopardize work effec-
tiveness. Therefore, the cognitive effectiveness of diagrams
that represent business processes and facts is particularly
important [7], [8].

Within the topic of process modeling quality, most research
is focused on empirical and pragmatic quality aspects,
specifically with respect to improving the understandability
or readability of models [4], [6]. However, scarce studies
focused on the stakeholders’ perceptions [6]. Also, there is
no generally accepted framework or definition of process
modeling quality [4], [6].

Business process models should be designed as valuable
communication tools for stakeholders [3]. This importance
goes beyond following syntactic rules, the goal is to
achieve fitness for use by the audience [3]. According to
Krippendorff [9], design should be defined as the creation
of meaning, whereas the value of any design is determined
in correspondence with the perceptions/meanings that users
attribute to it.

In our applied research work, we were challenged to
embark on a large-scale modeling project to thoroughly
specify the processes and facts of urban appraisal procedures
of a municipality [10]. The urban appraisal procedures
handle the requests regarding permits for all kinds of
building construction work, land subdivision, and other urban
operations within a municipality. The result of this project
supported the parameterization of a software system to
manage these procedures.

We applied the standard DEMO representations’ method-
ology. However, this project faced an order of magnitude
higher than our previous experiences in terms of process
complexity. Some numbers illustrate it: 393 tasks across
13 processes, with a total of 693 dependencies (includ-
ing 280 causal links and 69 waiting links), 506 facts,
441 attributes, and 65 concepts aggregating them. In addition,
we identified 567 relationships between the urban appraisal
processes and the necessary instructional elements (mostly
different kinds of documents/plans).

Therefore, in the early stages of the project, we were
already faced with overly cluttered and complex diagrams.
The modeler experts had already struggled with this com-
plexity. Furthermore, in model validation meetings with the
municipality’s officers (including architects and lawyers,
who were also accustomed to complexity), they expressed
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concerns that the diagrams were overly complex, visually
cluttered, and hard to interpret. Both groups felt a strong need
for cleaner and friendlier representations with simplified and
richer semantics [11].

We also found it difficult to maintain different diagrams
with some redundancies according to every change identified
as needed during the validation stages [10]. Furthermore,
the sheer number of symbols, elements, and text within the
Fact Model, specified in the General Ontology Specification
Language (GOSL) [12], overwhelms users with no prior
DEMO experience [11].

To address these limitations and improve the user experi-
ence in this modeling project, we started to design and iterate
new simplified notations for representations of DEMO’s
Process and Fact Models, giving special attention to officers’
feedback. Simpler and semantically richer representations of
the Process Model were proposed in [10]. They included
innovations — inspired, in part, by the Business Process
Model and Notation (BPMN) standard [13] — and introduced
a new representation table, making it much easier to under-
stand the process flow and locate relevant information [10].

New representations for the Fact Model are presented
in [11], with a notation that is simpler and easier to
understand. These novel representations mix elements of
the typical Entity Relationship Model [14] and Relational
Schema [15] diagrams, as well as a new table. All these
elements specify, in a detailed and structured way, important
aspects of the concepts and their attributes.

We argue that these new representations minimize some
drawbacks of the original DEMO way of working. However,
it does not entirely solve them. For instance, depending on
the size and intricacies of the processes, the complexity of the
representations may always pose an issue, regardless of how
simple the notation is. Still, we need to acknowledge that,
if it is oversimplified, the representation might lose its use
by failing to convey all the critical information, leading to
misleading interpretations, or even no longer be useful in the
decision-making process, or the understanding of the process
itself. Therefore, a reasonable balance must be achieved.

Awareness of which representations are more effective
is crucial for clear communication and understandability
of processes and facts [4], [16], [17]. Therefore, a user-
centered approach should be considered in the evaluation of
these representations to understand the user experience and
motivation when using these artifacts.

The informal feedback we received from the officers
regarding the final iteration of the new representations was
quite positive, regarding the approaches we designed and
their results. However, these contributions lacked a formal
evaluation.

To fill this gap, we conducted a family of three evaluation
studies to explore user perception of both standard DEMO
representations (Versions B and D) [1] and newly proposed
representations (Versions A and C) [10], [11], conceived to
be more user-friendly. In Section III, we provide details of the
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Context of the Studies, whereas in Section IV, we introduce
a high-level overview of each study along with its main
findings. The results of these three comparative evaluations
were presented at scientific meetings and reported in [18],
[19], [20].

The goal of this paper is to highlight relevant results
from each study and draw new and reinforced conclusions
across the data collected in all three studies. That is,
we pooled participants’ data from all samples while globally
applying parametric tests and presenting novel analyses.
Consequently, we expanded and consolidated the original
findings, increasing the accuracy of the statistical analyses
to assess the effects and reliability of the results. Our
research focuses on stakeholders’ perceptions of quality and
functional suitability, going into the barely explored area of
user experience within DEMO models.

TABLE 1. Hypotheses formulated.

Hypothesis Description

Hy Newly proposed representations (Versions A and C)
are rated as having higher overall perceived quality
and functional suitability.

Ho Newly proposed representations (Versions A and C)
are rated as having higher empirical quality.

Hj Newly proposed representations (Versions A and C)
are rated as having higher social pragmatic quality.

Hy Newly proposed representations (Versions A and C)
are rated as having higher functional suitability.

Hs Subjects with higher self-reported domain knowledge
perceive newly proposed representations (Versions
A and C) as having higher empirical quality, social
pragmatic quality, and functional suitability.

Hg Subjects with higher self-reported DEMO knowledge
perceive standard DEMO representations (Versions
B and D) as having higher empirical quality, social
pragmatic quality, and functional suitability.

Hry Subjects will pick, as preferred information sources
during task/facts clarification, the newly proposed
representations (Versions A and C) rather than the
standard DEMO representations (Versions B and D)
or legislation/guidelines.

Before finishing this introduction with the hypotheses we
devised, we introduce the structure of this paper, which
is organized into nine sections. Following the introduc-
tion (I), we present the literature review (II), context of
the studies (III), family of studies (IV), method (V), and
results (VI). We then discuss findings (VII), present validity
threats and limitations (VIII), and conclude by summarizing
the contributions and pointing out several future research
threads (IX).

A. HYPOTHESES

Seven hypotheses were formulated and tested to compare
user perceptions of the newly proposed and standard DEMO
representations (see Table 1). These hypotheses investigated
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the adoption potential of new representations and the
influence of self-reported knowledge on user perceptions.

In this family of studies, we hypothesized that participants
would perceive the newly proposed representations (Versions
A and C) as having higher overall perceived quality and
functional suitability (H;) because of their overall user-
friendly design, better intelligibility, and usefulness.

Avila and his colleagues [4] report that there is no
consensus in the literature regarding the use of color in
process models, as it seems to depend on what type of task
needs to be performed. Although, it has also been noted that
aesthetics can influence user perception, and the strategic use
of color can enhance a model’s EQ [16]. Considering the use
of color and a more visually appealing design in the newly
proposed representations (Versions A and C), we predicted
that participants would find them to have a higher empirical
quality (EQ) (H»).

Social pragmatic quality (SPQ) focuses on how well
users understand a model’s meaning. A clear presentation
plays a significant role in it [16]. The reduced clutter
and user-friendly appearance in the novel representations
(Versions A and C) led us to hypothesize that participants
would perceive them as having a higher social pragmatic
quality (H3).

Functional suitability is defined as the capability of a
product to provide functions that meet the stated and implied
needs of intended users [21]. Considering that the newly
proposed versions are claimed to be more accessible, easier
to grasp, and closer to users’ needs [10], [11], we predicted
that Versions A and C would be evaluated as having higher
functional suitability (Hy).

Literature suggests that familiarity with a modeling
language can positively influence comprehension [16]. Thus,
we hypothesized that participants with higher self-reported
knowledge of the modeling language (DEMO knowledge),
would perceive traditional representations (Versions B and D)
as having higher empirical quality, social pragmatic quality,
and functional suitability (Hg).

Considering the effect of familiarity with the model-
ing language, we wondered whether higher self-reported
domain knowledge — that is, higher familiarity with the
modeled domain — would somehow influence the same
variables above. Therefore, we foresaw that those with
higher knowledge of modeled concepts should be receptive
to less cluttered representations, facilitating an overview
of modeling concepts, processes, and facts. As a result,
we formulated Hypothesis Hs, predicting that subjects
with higher self-reported domain knowledge should pick
Versions A and C when prompted to select those with
higher empirical quality, social pragmatic quality, and
functional suitability. By explicitly hypothesizing the domain
knowledge dimension, we also foresaw the possibility of
exploring variations in the results across different domains,
eventually allowing us to reinforce possible conclusions
and mitigate potential external threats to validity regarding
generalizability.
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Finally, because of the focus on user experience when
developing Versions A and C, we hypothesized that par-
ticipants would find them to be more helpful information
sources for tasks/facts clarification compared to traditional
DEMO diagrams (Versions B and D) or other information
sources such as legislation/guidelines (H7). Reducing visual
clutter in the newly proposed representations is expected to
facilitate navigation and understanding of the relationships
between tasks and facts. In addition, compared to consulting
legislation/guidelines, newer representations, by including
systematically structured and dynamic descriptive tables,
should be perceived as more effective means for locating
desired information.

Il. LITERATURE REVIEW

Representations of business models that are comprehensive
and successfully communicated are critical for the implemen-
tation of effective information systems [6]. Nonetheless, the
impact of business models goes beyond its content. Their
depictions play a crucial role in how users comprehend
them. Research suggests that when compared to content,
representation can have an equal or even greater impact on
cognitive effectiveness (speed, ease, and accuracy) [22].

According to Zeevat [23], if a logical representation
language is used in the formulation of grammar, the relation
between syntactic objects and their representations, and
between the representation and their meanings, must be
expressed as homomorphisms between the relevant algebras.
This representation helps to develop grammar by making it
easier to understand. In principle, we can eliminate it in favor
of homomorphism from syntax to semantics [23].

Several frameworks have been developed to make process
modeling effective [4], including GoM (Guidelines of
Modeling) [3], 7PMG (Seven Process Modeling Guidelines)
[2], the Physics of Notations theory [24], and SEQUAL
(Semiotic Quality Framework) [16]. These frameworks set
forth user-centric principles such as perceptual discriminabil-
ity (i.e., the ease with which users can differentiate symbols
and understand their meaning) [17]. Despite the existence
of guidelines, evaluating the adequacy of business model
representations remains a challenge [4], [6], [17]. Different
existing evaluations focus largely on the technical assess-
ments conducted by modelers [17]. However, a user-centric
approach that includes satisfaction and comprehension is
an essential feature of a proper evaluation framework [25].
Research has explored some of these areas [4] but thorough
methods and criteria for assessing perceived quality and
stakeholder satisfaction within our modeling context are still
unavailable [6], [25].

This section will address four areas: 1) a brief approach
to the theories of Cognitive Theory of Multimedia Learning
and the Cognitive Load Theory (II-A) — to elaborate on the
cognitive processes connected with learning; 2) guidelines for
process modeling (II-B and II-C) — where we will go over the
most popular frameworks in process modeling; 3) evaluation
of diagrammatic representations (II-D and II-E) — to analyze
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the most important models for assessing the perceived quality
of representations; and 4) functional suitability (II-F) —
looking at how constructs provide functions that meet the
stated and implied needs of intended users.

A. COGNITIVE APPROACHES TO LEARNING
The Cognitive Theory of Multimedia Learning (CTML)
[26] and the Cognitive Load Theory (CLT) [27] explain the
cognitive processes involved in understanding and retaining
information.

CTML holds three core concepts [26]:

1) Dual channels - Humans have separate information
processing channels for verbal and visual information.

2) Limited capacity - Processing capacity is severely
limited.

3) Active processing - Meaningful learning involves
selecting relevant material to be processed in working
memory, mentally organizing the material into coherent
verbal and visual structures, and integrating them with
each other and with relevant knowledge activated from
long-term memory.

CLT considers the aspects of human cognitive architec-
ture concerned with how people learn, think, and solve
problems [27]. This theory endorses that learning will be
facilitated by optimizing intrinsic cognitive load and reducing
extraneous cognitive load [27].

Therefore, considering humans’ limited capacity, materials
presented using both words and visuals are easier received,
understood, and retained by users [26]. CLT complements
this idea, addressing the limitations of working memory and
the concept of element interactivity [28], endorsing that,
to acquire new information, extraneous cognitive load should
be decreased to the minimum [27].

B. GUIDELINES OF MODELING (GOM)

The Guidelines of Modeling (GoM) address the need for
design recommendations to improve the quality of infor-
mation models that go beyond simply following syntactic
rules [3]. It aims to improve the quality of information models
by considering six aspects: correctness, relevance, economic
efficiency, clarity, comparability, and systematic design (see
Fig. 1) [3].

The first three concepts (correctness, relevance, and eco-
nomic efficiency) are recognized as important components
of model quality. They ensure that the framework properly
reflects reality, presents accurate information, and is con-
structed with attention to resource efficiency [3]. The other
three concepts (clarity, comparability, and systematic design)
were considered discretionary but beneficial. In conjunction,
they provide the foundation for designing high-quality
information models [3].

C. SEVEN PROCESS MODELING GUIDELINES (7PMG)
Mendling [2] proposed 7PMG as a straightforward set of
recommendations that specifically focused on the visual
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FIGURE 1. The framework of the GoM [3].

representation of process models as opposed to their content.
These guidelines aim to improve user perceptions by promot-
ing clarity and reducing complexity. The recommendations
are as follows: G1 — Use as few elements in the model
as possible. G2 — Minimize the routing paths per element.
G3 — Use one start and one end event. G4 — Model as
structured as possible. G5 — Avoid OR routing elements. G6
— Use verb-object activity labels. G7 — Decompose model
with more than 50 elements.

Although these guidelines can be applied at various points
within a process model, it is important to acknowledge the
potential interactions and conflicts that may arise, which may
undermine representation accuracy [2].

D. PHYSICS OF NOTATIONS THEORY

The Physics of Notations Theory [24] offers a framework
specifically designed to evaluate and improve the visual
language of modeling languages [24]. This theory proposes
nine evidence-based principles that can be employed to assess
and improve the effectiveness of the visual notations of
modeling languages:

1) Semiotic Clarity - There should be a one-to-one corre-
spondence between semantic constructs and graphical
symbols.

2) Perceptual Discriminability - Symbols should be
undoubtedly distinguishable.

3) Semantic Transparency - Use
appearance is evocative.

4) Complexity Management - Includes mechanisms for
handling complexity.

5) Cognitive Integration - Includes explicit mechanisms
to support integrating information from different
diagrams.

6) Visual Expressiveness - Use visual variables’ full range
and capacities.

7) Dual Coding -
descriptions.

8) Graphic Economy - Keep the number of different
graphical symbols cognitively manageable.

9) Cognitive Fit - Use different visual dialects for different
tasks and audiences.

symbols whose

Enrich diagrams with textual
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Evaluations of notations regarding these principles often
rely on the values of visual variables, that is, the elementary
characteristics forming the visual alphabet of diagrammatic
notations [17]. However, the Physics of Notations does
not offer a comprehensive theory to analyze, evaluate,
and improve the cognitive effectiveness of visual modeling
languages, even when a set of symbols and semantic
constructs are defined [17]. Furthermore, these principles are
more focused on a technical evaluation of the representation
and not on an assessment by the users of the diagrams
regarding their perceived quality and functional suitability.
However, these principles can also be used to generate
empirically testable predictions.

E. THE SEMIOTIC MODEL QUALITY (SEQUAL)
The SEQUAL framework [29] offers an approach to model
quality by focusing on the social and user-centered aspects of
modeling activities [16], [29], [30]. It views modeling activ-
ities as socially situated (constructivist perspective) where
stakeholders engage in dialogue, and their understanding of
the domain changes as the model is built [17]. In information
systems, evaluating the quality of process models is challeng-
ing [29], [30]. Issues like the language’s formality, model
complexity, and effort required to understand its components
can hinder user comprehension [16].

SEQUAL identifies seven quality dimensions that go
above technical correctness [16]:

1) Physical - The persistence, currency, and availability of
the process model.

2) Empirical - The relationship between the process model
and another process model that contains the same
statements, which is regarded as better through a
different arrangement or layout.

3) Syntactic - The relationship between the process model
and the process modeling language.

4) Semantic - The relationship between the process
model and the modeling domain. Perceived semantic
quality is the parallel relationship between participants’
knowledge and interpretation of the process model.

5) Pragmatic - The relationship between the process
model and stakeholders’ interpretation of the model.

6) Social - The relationship between different process
model interpretations.

7) Deontic - The fit between the process models and the
modeling goals.

Fig. 2 illustrates SEQUAL framework, namely its main
concepts and relationships.

One of SEQUAL’s strengths lies in differentiating between
the perception and technical aspects of quality, that is,
distinguishing the social pragmatic and empirical quality
dimensions [29]. Empirical quality (EQ) concerns the techni-
cal aspects influencing a model’s visual representation [16].
This includes two key sets of variables:

o Planar variables - Encompasses the horizontal and
vertical positioning of elements within the model;

VOLUME 13, 2025



D. Pacheco et al.: User-Perceived Quality and Functional Suitability of Representations of DEMO's Process

IEEE Access

Goal of
modeling
G

Deontic

Social actor Model

explicit knowledge
K

Deontic m

(learning)

™

Empirical

Perceived

semantic Actor access

A

ragmatic Pragm
(human (tool
understanding) under

Social actor
interpretation

)

FIGURE 2. The SEQUAL framework [16].

« Retinal variables - Related to the visual properties of
the elements, including shape, size, color, brightness,
orientation, and texture.

In addition to these core variables, other dimensions
contribute to a model’s EQ [16]:

o Visual emphasis - Includes techniques such as solid-
ity, pattern variations, foreground/background contrast,
change (movement), position, and connectivity;

Color coding - While some argue for avoiding color-
coded meaning, its effectiveness as a differentiator is
recognized. That is, a well-defined color scheme can
improve the EQ of a model; and

Aesthetics - Plays a (subjective) role in user perception
and EQ, for example. Existing guidelines for graph
aesthetics can be used to improve a model’s technical
representation.

Besides, familiarity with a diagram’s style can positively
influence its perceived EQ [16].

The SEQUAL framework defines social pragmatic quality
(SPQ) as the degree to which a model is understood by its
intended audience [16], [29]. This concept is multifaceted,
distinguishing between perceived social pragmatic quality
(how well human stakeholders understand the model’s mean-
ing) and technical pragmatic quality (a model’s compatibility
with software tools that might interpret it) [29].

While evaluating these variables, one can assess whether
the diagram has been understood and who has understood
(the relevant parts of) it [16]. This ensures an effective
communication. This framework further breaks down the
SPQ into four key dimensions influencing user under-
standing: language perception, content relevance, structured
analysis, and behavior experience. By understanding these
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factors, model creators can develop representations suited
to their audiences’ specific needs and knowledge bases,
promoting better comprehension and communication. While
some individuals are familiar with formal languages and,
consequently, a formal model guarantees understanding,
others find a mix of formal and informal statements more
discernible, strengthening their language perception [16].
Behavior experience considers the user’s previous experience
with similar models and how it influences their interpretation
of a current one. As could be expected, participants with
previous experience in modeling find it easier to understand
new representations [16].

Krogstie’s framework includes a detailed set of quality
dimensions, but no evaluation metrics, serving as a reminder
that model quality is more than just technical accuracy; it
should lead to effective communication with the intended
audience.

F. FUNCTIONAL SUITABILITY
In software quality models, functional suitability refers to
a product’s ability to meet the stated and implied needs of
intended users under specific conditions [21]. Furthermore,
functional suitability implies the fulfillment of a product’s
functional specifications [21]. In this area of software quality,
a product is viewed as a broad concept that encompasses
software, data, hardware, and other ICT-related artifacts [21].
Within the evaluation of label types in process modeling,
literature presents the concept of perceived usefulness. It is
defined as the degree to which an individual believes that
a label enhances their understanding of the process being
modeled [31]. A study by Mendling and colleagues [31]
investigated the interaction effect between perceived useful-
ness, domain knowledge, and familiarity with the notation.
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Yet, their findings did not reveal a statistically significant
interaction effect [31].

Because we are working with model representations
frequently used as an important source for Information
Systems/software development, we adopted the concept of
functional suitability in our applied research work.

Functional suitability is divided into (a) functional com-
pleteness (capability of a product to provide a set of functions
that covers all the specified tasks and intended users’ objec-
tives), (b) functional correctness (capability of a product to
provide accurate results when used by intended users), and (c)
functional appropriateness (capability of a product to provide
functions that facilitate the accomplishment of specified
tasks and objectives) [21]. A comprehensive evaluation of
an artifact is key to ensuring its value for stakeholders [21].
This includes assessing the artifacts’ characteristics, as well
as their impact on stakeholders [21]. In general, users tend
to select artifacts that provide the information required to
perform their tasks, which they classify as more suitable [21].

The ISO/IEC 25020:2019 standard, part of the SQuaRE
(Software Quality Requirements and Evaluation) series,
defines the Quality Measurement Framework [32]. It pro-
vides a reference model for software product quality measure-
ment, including definitions of quality measures and practical
guidance for their application. This standard describes
three types of quality measures: internal, external, and
quality-in-use.

Complementing this, ISO/IEC 25040:2024 defines the
Evaluation Process [33], offering requirements, recommen-
dations, and guidelines for evaluating software products—
whether by independent evaluators, acquirers, or developers.
The questions used in this study to assess the functional
suitability of the DEMO Process and Fact Model represen-
tations (see Section V) are aligned with the principles and
terminology of these standards.

Ill. CONTEXT OF THE STUDIES

We developed a family of studies to understand which
diagrammatical representations users would prefer. We used
traditional DEMO diagrams [1] and newly proposed rep-
resentations for both the Process Model (Version B and
A, respectively) and the Fact Model (Version D and C,
respectively) [10], [11]. The artifacts of the newly proposed
representations were developed following Design Science
Research Cycles [34]. The artifact design was refined
through several iterations, based on feedback from a highly
experienced team of domain experts. The resulting artifacts
were considered complete, simple, understandable, easy to
use, and having the potential to aid officers in their daily
tasks [10], [11]. It is worth clarifying that we follow the
Model Universe (MU) theory approach, which advocates that
models are at a subjective level while representations are
objective [1]. Representations are concrete artifacts which are
an expression of the mental image of models. They can be
represented by a set of symbols, diagrams, tables, or any other
type of structured written information [1]. In this section,
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we describe the main concepts behind the diagrammatical
representations used in this family of studies and then briefly
present Versions A, B, C, and D.

A. PSI THEORY AND DEMO MODELS

PSI-theory [1] is the main basis of the Design and
Engineering Methodology for Organizations (DEMO).
It frames organizations into three layers: O-organization
(O from original), I-organization (I from informational), and
D-organization (D from documental) [1]. These intercon-
nected layers form the essential model of an enterprise, which
abstracts unnecessary details, captures the essence of an
organization’s operations, and facilitates the management of
its complexity [1]. It is a high-level abstraction, independent
of specific implementations, and focuses on the key elements
crucial for intellectual manageability [1]. The essential model
resulting from DEMO is significantly smaller, often less than
5%, compared to other traditional organizational modeling
approaches [1].

According to PSI-theory, an enterprise consists of a
network of actors that enter into and comply with commit-
ments with each other, known as coordination acts (e.g.,
a building permit is requested), regarding a production fact
(e.g., a building permit is issued) [1]. These commitments
are brought about by actors in acts, the basic units of
action, and they follow a pattern named the Complete
Transaction Pattern (CTP), consisting of nineteen transaction
steps, eighteen of them coordination acts revolving around
one production act/fact [1]. This includes the normal happy
flow of a transaction: request, promise, execute, declare,
and accept. The discussion states: decline, reject, and the
different kinds of cancellations (also called revocations) are
also included [1]. The working principle of PSI-theory for an
enterprise is that actors constantly check if there are acts they
have to deal with or respond to in their actor cycle [1].

The DEMO standard prescribes a set of models and
diagrams to represent an organization. These are the
Cooperation Model (CM), the Action Model (AM), the
Process Model (PM), and the Fact Model (FM), which are
interconnected and specify diverse elements in a neutral
and technology-independent manner [1]. The Cooperation
Model (CM) specifies the construction of an organization
and its transaction types. It specifies the transactor roles (the
elements) and the coordination structures (the influencing
relationships) between them [1]. The Action Model (AM) is
the ontological model of an organization’s operation, that is,
the manifestation of its construction over time. Every internal
actor role is associated with a set of action rules that guide
them in performing coordination acts. These action rules are
represented in the Action Rule Specifications [1]. Since the
CM and AM are out of the scope of our work, this very
brief introduction to them suffices. The Process Model (PM)
bridges Cooperation and Action models by outlining coordi-
nation, which triggers different transactions according to the
actors’ actions. It contains, for all transactions, the transaction
steps and the applicable occurrence laws (response and
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FIGURE 3. Process structure diagram (Version B) on the top, and process diagram (Version A) on the bottom [10].

wait links), including cardinalities of occurrences [1]. For
example, a public administration entity starts the appraisal
of an urban operation (request transaction step), which the
municipality commits (promise step) to assess. When the
appraisal is promised, the municipality, in turn, might trigger
(request step) other procedures: an issuance of prior opinion;
a public discussion; an authorization by the municipal
assembly of the land subdivision operations; and a hearing of
the municipal council executives. All of these procedures are
optional, but according to certain rules and the type of urban
operation, at least one or some of them must be completed,
so that the result of the appraisal of the urban operation is
approved or denied (execution step). Then, this result must
be communicated (declare step) to the requesting entity. This
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entity might then choose to accept (accept step) or refuse
(reject step) such decision. This process is represented in both
the standard and newly proposed versions of the diagrams in
Fig. 3). The Fact Model (FM) focuses on an organization’s
products/services and their information/attributes. It contains
entity, value, property, and attribute types, and the existence
laws that apply [1]. It also expresses event types and their
occurrence rules [1]. In our example, an application for an
urban operation has multiple Application Deliverables. Each
of these deliverables has, as attributes: a state which has to
be selected from a predefined list of possible values (e.g.:
initial, change, enhancement, etc.); a reference to a specific
type of application deliverable (e.g., drawing, urban project,
liability statement); and a justification that can be a document
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or simple textual input. Both representations can be observed
in Fig. 6.

The family of studies reported in this paper addresses all
these representations, which are explained in more detail in
the following sections.

B. MU THEORY AND GENERAL ONTOLOGY
SPECIFICATION LANGUAGE

One of the foundations of DEMO is the Model Universe
(MU) theory [12], which addresses the concepts of models
and representations. Various models and diagrams used in
DEMO rely on the concepts and principles of the MU theory
to ensure that they are formally correct and meaningful
representations of the enterprise they depict [1]. To formally
convey the rationale of a conceptual schema into symbols
and constructs, the MU theory relies on the General Ontology
Specification Language (GOSL) proposed in [12]. It is used
to formally represent not only the Object and Fact Diagram
of DEMO’s FM, but also all metamodels of all DEMO
models, including of the FM itself. However, as pointed out
in our previous research [11], the GOSL notation for the FM,
in its current status, is a far from ideal choice for drawing
representations that are easily understood and productively
discussed by a full range of stakeholders, regardless of their
technical skills, experience, or background.

C. STANDARD REPRESENTATION OF THE PROCESS
MODEL

The PM of an organization is the ontological model of
the state space and the transition space of its coordination
world [1].

A PM is represented in a Process Structure Diagram
(PSD), optionally supplemented by Transaction Process
Diagrams and a Create Use Table [1]. The transaction kind
shapes are stretched horizontally, thus becoming sausage-like
shapes [1]. At the top of Fig. 3, a partial example of the
Process Structure Diagram in standard notation (Version B)
is shown. This illustrates the same part of the process, also
depicted in the newly proposed representation (Version A),
at the bottom of Fig. 3. This example falls within the scope of
urban operations in municipalities and depicts the procedure
for requests of construction work carried out by another
public entity (e.g., a regional government).

A PSD shows the inter-transaction occurrence laws, that
is, the laws held between transactions of different kinds [1].
They are expressed in two kinds of process links: response
and wait links [1]. As an example of a response link, we have
the case of the request of the transaction tax value calculation,
as a response to the transaction appraisal of urban operation
carried out by public administration entity having been
accepted. An example of a waiting link is that the execution
step of the transaction appraisal of urban operation carried
out by public administration entity (the final decision) has to
wait for the final step (accepted) of the transaction hearing of
the town council executive committee.
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FIGURE 4. Process diagram legend [10].

The bold gray lines behind the sausage shapes sepa-
rate the responsibility area of the initiator (above the line)
from the executor (below the line) [1]. Following our
example, the Public Administration role is responsible for
requests of transaction appraisal of urban operation carried
out by public administration entity, and the City Council role
is the one responsible for the execution (decision).

D. NEWLY PROPOSED REPRESENTATIONS OF THE
PROCESS MODEL

Recent work by our team [10] proposed new representations
to depict DEMO’s Process Model for the reasons discussed
in Section I. These representations extend the standard
by incorporating elements from Cooperation and Action
Models, as detailed in [10].

The new approach introduces
representations [10]:

o Process Diagram - More concise than the standard PSD,

making it easier for both modelers and stakeholders
to understand. Each task (simpler name, used as a
synonym of transaction) symbol includes a reference
to its information source to facilitate the tracking of
detailed information. Fig. 4 illustrates this notation.

o Transaction Description Table (TDT) - This table
complements the Process Diagram by providing detailed
structured information in a textual and hyperlinked
manner. It includes actor roles, organizational functions,
and specific rules (Fig. 5) [10]. The TDT achieves better
fulfillment of the same function as the standard DEMO
Action Model owing to the perceived limitations in
clarity and connection to real-world operations of the
latter [10].

A key improvement is the development of a simpler
notation for the Process Diagram. This new approach offers a
clear separation of concerns regarding process composition,
task causation, and task waiting. Regarding connectors,
diamonds represent the compositional perspective, arrows

the following two
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FIGURE 5. Transaction description table [10].

depict causal relationships between tasks, and double-crossed
lines indicate waiting dependencies. The color gradients on
border transactions facilitate rapid comprehension of task
initiation and execution. These gradients distinguish between
tasks initiated by internal actors and those executed by
external actors (and vice versa). The solid lines represent
the mandatory tasks, whereas the dashed lines indicate the
optional tasks. The cardinality (frequency), is represented
using number indicators at the endings of connectors, such
as 1..*. For the most common case, where the cardinality
is 1..1, its representation is omitted as to not clutter the
representation.

The advantages of the new representations are pointed
out [10]:

« Reduced diagram complexity - The new approach sim-
plifies diagrams through improved symbol design, fewer
connectors, and the omission of explicit actor roles,
which avoids overloading the visual representation with
unnecessary details, while more information about the
tasks is conveyed in the TDT.

o Enhanced readability - The use of color, gradients,
and specific symbols for related processes improves
comprehension of process boundaries and the nature of
the tasks

o In-depth insights - The new notation offers a deeper
understanding of modeled processes by incorporating
elements from other DEMO models.

o Complete and structured task information - The TDT
addresses the information overload in the standard
diagram by providing a dedicated space for detailed
textual information on actors, roles, task descriptions,
and different rules that control task flow and interaction
with other tasks.

Regarding the Process Model, our family of studies
compares the newly proposed representation, labeled Version
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A, with the standard DEMO notation, labeled Version B. Both
are illustrated, respectively, at the bottom and top of Fig. 3.

E. STANDARD REPRESENTATION OF THE FACT MODEL
The Fact Model (FM) is an ontological model of the state
space and transition space of an organization’s production
world [1]. Regarding the state space, the FM contains entity
types, value types, property types, and attribute types that are
relevant to the modeled organization and existing laws that
apply. Concerning the state space, an FM is the conceptual
schema of the production world of the modeled organization.
Regarding the transition space, an FM contains the event
types and the occurrence laws that are applied. The FM of
an organization connects its Cooperation Model and Action
Model, as far as production is concerned [1]. The standard
representation can be observed in the top part of Fig. 6.

An FM is expressed in an Object Fact Diagram (OFD) sup-
plemented by (textual) Derived Fact Specifications (DFS).
An example of a DFS is: urban construction tax = location
coefficient * kind of use coefficient * infrastructure costs *
value per square meter * total construction area * adjustment
factor.

The current standard representation of the OFD in GOSL
(Fig. 6, top) is considered to have too many elements
and text, making it difficult for officers without experience
in DEMO to interpret it [11]. The GOSL syntax is as
follows:

« Roundangles (without diamonds inside) - Represent
entity classes, thus, they are extensions of entity
types. In these rectangles, we can also represent the
accepted domain and the range of accepted values (e.g.,
“assessment of the urban project {DOCUMENT}” of
an entity “URBAN PROJECT”’). When the name in the
round rectangle is between { }, it represents a Value Type
(e.g., “{TYPE OF URBAN PROJECT}”).
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FIGURE 6. Object fact diagram (top - Version D) and concept and relationships diagram

(bottom - Version C) [11].

o Lines with an arrow in the middle - Can be considered .
collections of separate mappings from elements.

o Cardinality - The ends of connectors generally mean 1.
If a range string is present (for example 1..¥) it denotes
the minimum and maximum cardinalities applied to that
end.

o Diamonds - Represent event types (i.e., the p-facts of .
transactions) that apply to each class such as [urban
project] is approved.
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Triangles with a *+’ sign inside - Correspond to gener-
alizations like “APLICATION DELIVERABLES” is a
generalization for

“DRAWING”, “URBAN PROJECT”, “EXTERNAL
ASSESSMENT”, “LIABILITY STATEMENT” and
“SECURITY DEPOSIT”.

Triangles with a **’ sign inside - Correspond to aggre-
gations for example the aggregation of “APLICATION
DELIVERABLES”.
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FIGURE 7. Fact description table [11].

o Dashed lines with an arrow at the end - Correspond to
specializations.

« Roundangles with diamonds inside - Are also special-
izations of entities but in the form of event types.

Similar to process model representations, our family
of studies compares the newly proposed representation
(Version C) with the standard DEMO notation (Version D).
To exemplify these notations, Fig. 6 shows an example from
the scope of urban operations. It shows representations of
the same modeled concepts, allowing for a direct visual
comparison (top: standard notation, bottom: newly proposed
representation).

F. NEWLY PROPOSED REPRESENTATIONS OF THE FACT
MODEL

Standard DEMO Fact Model representations often pose
comprehension challenges for stakeholders unfamiliar with
the notation [11]. To address this, we devised the following
three representations, which follow a layered approach with
increasing detail [11]:

o Concept and Relationships Diagram (CRD) - This
diagram offers a high-level view of the domain’s
core concepts and their relationships, promoting stake-
holder understanding without overwhelming them with
detailed information on the attributes (Fig. 6, bot-
tom). Nevertheless, it is possible to quickly inspect
the attributes of a concept because symbols are
expandable/collapsible. An example of this inspection is
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shown in Fig. 6, regarding the Application Deliverable
concept.

o Concept Attribute Diagram (CAD) - This diagram can
be considered as an extension of the CRD; it is basically
the same diagram but with all concepts expanded,
presenting their associated attributes in a one-attribute-
per-line format. After CRD analysis/validation, this
diagram allows for more detailed discussions of the
concept details.

o Fact Description Table (FDT) - It (Fig. 7) offers the most
detailed level of information in a manner similar to the
TDT of the PM. It includes all concepts and attributes
presented in the previous diagrams, while providing
detailed descriptions for each. It allows full traceability
by referencing the source (e.g., legal document) that
justifies the existence of the attribute and identifies
the transactions responsible for creating or updating its
values and in which step of the transaction.

In this family of studies, we compared the newly proposed
representation (Version C) with the standard DEMO notation
(Version D). In Fig. 6, one can see both representations of
the same modeled concepts (top: standard notation, bottom:
newly proposed representation).

G. LIMITATIONS OF THE NEW REPRESENTATIONS

Even though the newly proposed representations improve the
clarity and reduce the cognitive complexity associated with
the traditional DEMO models, there are some limitations that
should be pointed out.
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In the new process model representations, we chose,
by design, to explicitly exclude actor role information
(initiators and executors), which appear in the standard
representations. This design choice was made based on
feedback from the stakeholders of the municipality project,
as they preferred a cleaner visual, focused on the process flow.
However, this may reduce the transparency in role respon-
sibility, an important key point in the DEMO methodology.
To address this, a modelling tool we are developing [35]
reveals actor roles via hoverable tooltips, allowing users
to access this information as needed without overloading
their view. The tradeoff of this option is that it cannot be
printed, so we are also considering an additional general
toggle configuration to show or hide actor role information
in the symbols, so it can be shown in printed diagrams.

The use of colors is a traditional feature of DEMO rep-
resentations, which uses red to represent original tasks/facts
dimension, green for derived or computed tasks/facts dimen-
sion, and blue for the documental tasks/facts dimension.
Although helpful for the majority, this can introduce a serious
accessibility barrier for individuals with color blindness.
As a solution for this issue, we plan to add to our
modelling tool, dynamic adaptive color schemes that can be
changed on the fly based on the different color blindness
patterns that a user may have specified in his or her
profile.

Regarding the Fact Model representations, a limitation
exists in our current symbols and use of modelling tool. When
the entity symbols are expanded and collapsed, the layout can
lose its proper alignment, and require manual repositioning
of the symbol positions in the vicinity and manually rotating
the cardinality arrows. This can be especially cumbersome
in complex diagrams. An improved version of the modeling
tool will support automatic layout adjustment. In a future
version of the symbols and tool, we also plan to replace
the UML-style centered arrows with the ER-style one-sided
arrows to better reflect the meaning of cardinalities, simplify
the diagram interpretation, and facilitate the diagramming
process.

Another limitation in all representations of both models is
navigability and accessibility. As representations increase in
their size and complexity, users often need to cross-reference
between the different process and fact models and the
associated transaction or fact description tables. It is hardly
plausible that then can view both at the same time in a
single screen, especially if a small one. To improve this,
hyperlinking mechanisms were added, to allow easier naviga-
tion between related elements. We can also collapse related
rows in groups, have automatic identifier columns, and use
contextual filters to simplify and improve table navigation.
These help to minimize the disconnection between the
different representations, but it is only natural that in complex
models, some user disorientation might still persist.

Another issue is replication of data of identifiers and
names of model elements in the representations. This occurs
between the diagrams and respective tables — as they
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currently are based in two different applications (DISME for
diagrams and Google Spreadsheet and Apps Script for the
tables) — and also in the diagrams themselves (sometimes
we need to represent the same model element in different
places of the diagram to facilitate layout and interpretation).
Currently, one needs to manually replicate this data from
one to the other or vice versa. This implies a risk of errors
and mismatching when changes are made. This issue is also
being addressed in current developments of our modelling
tool, where the table functionalities currently implemented
in Google Spreadsheets are being implemented in our tool.
Since all data will come from the same source, any change
will be immediately visible in all representations, either tables
or diagram symbols.

IV. FAMILY OF STUDIES

A family of studies is a set of related studies that focus
on the same research question or hypotheses [36]. Fig. 8
depicts our family of studies. Each study tested the same basic
hypotheses while addressing different business domains and
exploring participants’ diverse modeling knowledge.

The results of Study A, indicating that urban appraisal
officers clearly preferred the new representations, lead us
to explore, in Study B, whether participants experienced
in the DEMO language standard would also show such a
strong preference for the newly proposed version, rather than
the notation that they already knew. After the results were
obtained in the domain of Urban Appraisal, we wondered
whether Study A might have been biased by the background
of the participants (half of them architects), who could
have a particular vision over graphical representations.
We aimed to explore whether participants from different
professional settings would yield similar results, reinforcing
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our hypothesis in a different domain. Thus, Study C was
performed on the health domain.

To facilitate the new and combined analysis of the results
presented in this paper, we grouped the participants who did
not have DEMO training into Samples 1 (Study A) and 2
(Study C). Sample 3 comprised students trained in DEMO
(Study B). Studies A and B have already presented combined
analyses, so they can also be considered a (simple) family of
studies [18], [19].

In addition, in this paper, we clarified the meaning of the
variable functionality used in Studies A, B, and C, regarded
by the reviewers of [20] (reporting on Study C), as vague.
We ground this variable on the family of the norms ISO
25000 — Systems and Software Engineering — Systems and
Software Quality Requirements and Evaluation (SQuaRE).
Namely, the concept of functional suitability presented above
in ITis completely aligned with the subject and purpose of the
respective questions in the questionnaire.

A. STUDY A-URBAN APPRAISAL PROFESSIONALS

This family of studies emerged from a large-scale modeling
project analyzing the Portuguese Building Code regarding
municipal urban appraisal requirements and procedures in
the municipality of Funchal, Portugal. The urban appraisal
procedures of a municipality handle the requests regarding
permits for all kinds of building construction work, land
subdivision, and other urban operations within its jurisdic-
tion. The municipality was in the process of acquiring a
new software system to manage these processes, and needed
a detailed study and models of their current processes to
support the successful implementation and parametrization of
the new system.

Following our experience with previous projects,
we applied DEMO standard representations, as it allows us to
focus on the essence of the organization, offering a concise
and comprehensive representation of the organization [37],
while decreasing complexity compared to more traditional
approaches. In [1], this reduction was quantified as
approximately 95%, a claim supported by our findings
in [38], where we obtained a reduction of 90% in model
complexity.

Compared to other more widespread approaches, the
traditional DEMO diagrams allow a more manageable and
clearer representation of processes and facts. However,
when modeling the Portuguese Building Code, we found
that representations were still too cluttered and complex,
making it difficult for both modeling experts and municipal
officers to interpret them. This modeling project involved the
representation of 393 tasks across 13 processes with hundreds
of dependencies between them, as well as the spread of more
than 500 facts between concepts and attributes.

Therefore, we identified a need for clearer and more user-
friendly representations. To address this issue, we developed
and iterated simplified notations for DEMO’s Process and
Fact Models, incorporating feedback from officers and
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our modeling experience. These innovations, inspired by
standards such as BPMN, evolved into new, more under-
standable representations. They were reported separately for
the Process Model in [10] and the Fact Model in [11]. The
informal feedback gathered by officers and the administration
was quite positive. Nevertheless, the evolution proposed for
DEMO representations lacked formal validation.

Thus, after the end of the modeling project, we recruited a
group of professionals from the municipality with knowledge
of the modeled processes (Sample 1: N = 8) to comparatively
evaluate the traditional DEMO representations and the new
version we had developed. This gave origin to Study A, where
we found, regarding the Process Model, that the perceived
quality and functional suitability of the newly proposed rep-
resentations (Version A) were significantly better evaluated
than the standard ones (Version B) [19]. The same was
true for representations under the Fact Model [18], showing
that Version C is easily understood and can be productively
discussed by a full range of stakeholders, independently of
their technical skills, experience, or background.

These results led us to question whether subjects trained
in the traditional DEMO standard would evaluate these
representations differently, which motivated us to develop
Study B.

B. STUDY B-STUDENTS

To complement the findings of Study A, we recruited,
for Study B, a group of students (graduate and master
levels) trained in the standard modeling language in DEMO
(Sample 3: N = 14).

This study supports the findings of previous research.
Participants experienced in DEMO evaluated the quality and
functional suitability of the newly proposed representations
more positively than the standard representations [18], [19].
Previous researchers have mentioned that familiarity with
a diagram positively influences the evaluation of EQ [16].
However, this was not the case in this sample. Remarkably,
in this study, the versions that scored a higher level of quality
and functional suitability were Versions A and C, which they
were not familiar with.

When reporting the results of Study B, we presented both
individual analyses and aggregated analyses combining data
from Studies A and B. These combined analyses suggested
that Versions A (new PM) and C (new FM) were perceived as
having higher EQ, SPQ, and functional suitability. The same
pattern emerged when each study was analyzed separately.

Interestingly, a significant difference was observed in the
evaluation of Versions B (standard PM) and D (standard
FM) when comparing responses from students trained in
traditional DEMO representations to those from untrained
professionals. Specifically, the trained group rated the
traditional representations significantly higher. This aligns
with Krogstie’s claim that familiarity positively influences
the evaluation of EQ [16].

However, as already mentioned above and will be dis-
cussed in detail in the Results section, the overall hypothesis
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regarding familiarity was surprisingly contradicted: trained
professionals ultimately rated the new representations (Ver-
sions A and C) higher than the standard ones (Versions B and
D).

Since there could be some bias stemming from the fact
that Studies A and B examined the same domain (urban
appraisal), and to increase the reliability of the results,
we replicated Study A in a different domain (healthcare) in
the form of Study C.

C. STUDY C-HEALTHCARE PROFESSIONALS

To understand how professionals with different backgrounds
would perceive the quality and functional suitability of the
representations of the Process and Fact Models, we recruited
a group of healthcare professionals in the field of psychology
(Sample 2: N = 10).

In Study C, there was a clear preference for the newly
proposed representations, both in terms of the Process and the
Fact Model [20]. The publication of Study C was accepted as
a short paper; thus, for space reasons, we could not include
all our analyses and hypotheses in that publication.

To consolidate the results from the individual studies, rein-
force conclusions, and increase their reliability, we pooled all
three samples and conducted the combined analysis reported
in this paper, consolidating the previous three studies in a
structured and systematic family of studies.

V. METHOD
One of the best ways to identify real problems affecting
user performance and preference is through user testing [39].
Therefore, to evaluate the perceived quality and functional
suitability of DEMQO’s main representations, we present a
family of three evaluation studies using mixed research
methods (N = 32) [40]. The individual results of these
evaluations are presented in [18], [19], and [20], while the
current paper leverages the pooled data with novel analyses
that expand upon the original findings using parametric
tests, which are more robust than those used in previous
studies (Wilcoxon rank-sum test). The dataset created for the
combined analyses is available from IEEE Dataport [41].
Our family of studies employed a mixed-methods approach
that utilized both quantitative and qualitative data collection
methods. In this section, we describe the participants,
materials, and procedures used to collect data for the three
studies.

A. PARTICIPANTS

To evaluate the perceived quality and functional suitabil-
ity of the newly proposed representations comparatively,
we recruited participants considering the following:

o Domain knowledge - We included participants who
were familiar with the modeled domain. This ensured
that they could more easily understand the real-world
context represented by the models and provide an
informed evaluation capability regarding the quality and
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TABLE 2. Characterization of the sample.

Background
Architecture  Human/Social Law Other
Sciences

Sample 1 4 0 3 1
Sample 2 0 10 0 0
Sample 3 0 3 0 11
N 4 13 3 12
] . | -

High school Bachelor degree Master degree Doctoral degree

mSamplel ®@Sample2 @Sample3

FIGURE 9. Scholar levels of the participants.

functionality of the representations. Sample 1 comprised
officers from a local municipality who volunteered to
participate in the study. For Sample 2, we recruited
healthcare professionals by email invitations sent to
healthcare researchers/professionals employed by our
research institute and university, as well as to contacts
in our professional network.

« DEMO knowledge - We recruited students who were
trained in standard DEMO representations. For Sam-
ple 3, the researchers addressed a class of enterprise
engineering students, offering them the possibility to
stay after the lesson was finished, to participate in the
study.

A brief characterization of the three samples follows:

e Sample 1 (N = 8) - Professionals in the area of
urban appraisal with domain knowledge of the modeled
concepts (six females and two males). Age range: 33-54
years (Mgg, = 45).

o Sample 2 (N = 10) - Healthcare professionals with
domain knowledge of the modeled concepts (nine
females and one male). Age range: 28-58 years
(Myge = 34).

o Sample 3 (N = 14) - Students trained in the DEMO
modeling language and representations (five females
and nine males). Age range: 20-43 years (Mg, = 24).

The total sample (N = 32) consisted of more females

(62.5%) than males (37.5%) and had a mean age of 32 years
(age range: 20-58 years). The participants had heterogeneous
backgrounds (see Table 2 and Fig. 9).
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B. MATERIALS AND PROCEDURE
The questionnaire used in this family of studies is available
online.!

1) QUESTIONNAIRE DESIGN

Functional suitability is defined as the capability of a
product to provide functions that meet the stated and implied
needs of intended users, including the conformity of the
products’ functional specifications [21]. To evaluate the
functional suitability of the representations (designated in a
broader way just as Functionality, in the initial studies), the
questionnaire included four questions [19]. One question (‘‘is
it functional?’”) using a six-point scale ranging from 1 =
strongly disagree to 6 = strongly agree, and three questions
where subjects were forced to choose which version (A or B;
C or D) was considered more suitable (e.g., which version is
“more suitable to support the execution of your tasks””).

In the evaluation of functional suitability, participants
completed a scenario-based assessment for each model. Con-
cerning Process Model representation, participants imagined
encountering a situation in which they were unsure of the
appropriate recipient (individual or department) to forward
a particular process during their daily duties. Using a 6-point
scale (1 = definitely not, 6 = definitely yes), they rated their
preference for three information sources: Version A (new
PM), Version B (standard PM), or looking directly into the
legislation/guidelines.

Regarding the functional suitability of the Fact Model,
subjects were asked to imagine that, while carrying out their
daily tasks, they faced doubts regarding what information
should be taken into account within the scope of a task. In this
situation, participants were questioned about their preferred
information source for resolving their doubts: Version C (new
FM), Version D (standard PM), or legislation/guidelines.
Participants then stated their preferences on a six-point scale
ranging from 1 = definitely not to 6 = definitely yes.

The instrument included empirically testable predictions
to evaluate two dimensions of the SEQUAL framework [16]
related to the perceived quality of representations: empirical
quality (EQ) and social pragmatic quality (SPQ). In diagram-
matical representations, EQ is regarded as a characteristic
of the layout, which is perceived as granting it better
understandability [16], whereas SPQ is the relationship
between the model and the stakeholder’s interpretation of the
model [16].

The EQ was assessed using five questions (e.g., “is it
aesthetically attractive?’”). There were five other prompts to
assess the SPQ (e.g., “isiteasy toread?”’). These dimensions
were evaluated using a 10-item instrument on a six-point
scale ranging from 1 = strongly disagree to 6 = strongly
agree. Two questions were negatively phrased and reversed
before the statistical analyses. The EQ scale revealed good
internal consistency (5-items, N = 32, Cronbach’s ¢ =
.82). The SPQ scale also showed good internal consistency

1 https://bit.ly/QuestQualFunc
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(5-items, N = 32, Cronbach’s « = .84). Participants were
instructed to assess, in the exact same 10-item scale, the
representations of the Process Model (Version A/B) and the
Fact Model (Version C/D).

In addition to gathering demographic information (age,
gender, educational level, and background), participants
were requested to provide a self-assessment of their
familiarity with the domain being modeled and with the
DEMO standard on a six-point scale ranging from 1
= null to 6 = very good. Samples 1 and 2 evalu-
ated representations of models related to their knowledge
domains. Sample 3, composed of students, rated repre-
sentations of models on urban appraisal domain (same as
Sample 1).

An open question, “Comments and suggestions for
improvement”, was attached to a separate page to ensure
that participants’ comments were not associated with their
previous answers.

2) PROCEDURE

Each study began with an introductory session aimed at
informing the participants about the purpose of the research
they were involved in and obtaining their informed consent.
All participants voluntarily formalized their intention to
participate.

Subsequently, a small training session was conducted,
facilitated by an instructor certified in DEMO methodology.
The purpose of this session was to ensure that the participants
understood the main concepts behind DEMO representations
and associated theories. The instructor presented the main
concepts in DEMO and the associated theories to provide an
informed and coherent interpretation of the representations
being evaluated.

Following this introductory session, the participants in
Sample 1 were introduced to both the standard DEMO PM
representation (Version B, depicted at the top of Fig. 3) and
the newly proposed representation (Version A), including the
Process Diagram (bottom of Fig. 3) and Transaction Descrip-
tion Table (Fig. 5) [10]. For participants in Sample 2, the order
of presentation of the versions was reversed to avoid potential
bias related to primacy/recency effects. Sample 3 followed
the same procedure as Sample 1. After the presentations
were concluded, participants were provided with the afore-
mentioned questionnaire regarding the evaluation of the PM
representations.

Immediately after completing this questionnaire, another
presentation session started, where the standard Object Fact
Diagram from DEMO was introduced as Version D (Fig. 6,
top), and the newly proposed representation (bottom of Fig. 6
and Fig. 7) as Version C [11]. The order of presentation was
inverted for Sample 2 for the same reasons mentioned above.
Participants were then asked to complete the questionnaire to
evaluate the FM representations.

Statistical data analyses were performed using computer
software (IBM SPSS Statistics, version 27 for MacOS X).
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Version A Version B Version C Version D

FIGURE 10. Overall evaluation of the EQ.

VI. RESULTS

This section presents the findings of our multi-sample
combined analysis of user-perceived empirical quality (EQ),
social pragmatic quality (SPQ), and functional suitability
in representations developed under the DEMO standard.
We start by examining quantitative data, and in the last section
of this chapter, we analyze qualitative data.

We compared the user ratings of versions A/B and C/D.
In previous individual analyses of this family of studies,
we ran tests for each item using the constructs of the
EQ and SPQ. Most of the data distributions were not
normal; therefore, we chose to use a non-parametric tool,
the Wilcoxon rank-sum test. In the new combined analysis
presented in this paper, the aggregated quantitative data for
the variables EQ, SPQ, and functional suitability from the
three samples (N = 32) were normally distributed. Thus,
we opted to use more robust parametric tests, and report the
results in this section.

To further explore the potential variations in user per-
ception, we ran a subgroup analysis for: sample; age
group; domain knowledge; and DEMO language knowledge.
Although these subgroups were relatively small (from 8 to
14 participants), the assumption of homogeneity of variance
was not violated, and the assumption of normality was
violated in only 4% of the cases (5 out of 120). Therefore,
we decided to use only parametric tests. This choice aligns
with standard procedures, as parametric tests are generally
preferred when data meets underlying assumptions [42].

A. USER PERCEPTION OF EMPIRICAL QUALITY

An overall analysis of the evaluation of the EQ, considering
all samples, showed that participants preferred Versions A
and C (Fig. 10). This preference is still clearly visible when
analyzing the samples individually (Fig. 11), even though
Sample 3 does not show such a strong preference as the other
groups.

To further exploit this preference, we employed a paired-
sample z-test to assess user perception of EQ between the
two different versions of DEMO representations across three
independent samples. Both Versions A and C consistently
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TABLE 3. Mean (SD), t-Statistic, and p-Value for user perception of EQ in
Version A vs B, across samples.

Version A Version B

M SD M SD t aF  p n?

Sample 1 418 071 27 1.04 3.09 7 0.05 0.58
Sample 2 511 056 27 051 1039 9 0.01 0.94
Sample 3 466 05 391 097 277 13 0.05 052

TABLE 4. Mean (SD), t-Statistic, and p-Value for user perception of EQ in
Version C vs D, Across samples.

Version C Version D

M SO M SD ¢t df p

Sample 1 448 069 28 0.68 4.13 7 0.01 0.71
Sample 2 4.7 1.1 234 061 755 9 0.01 0.89
Sample 3 473 066 351 092 416 13 0.01 0.71

received significantly higher EQ ratings than their respective
counterparts (Versions B and D) in all samples.

Version A exhibited a significantly better perceived
empirical quality (the mean scores, ¢-Statistic, p-values, and
effect sizes are provided in Table 3). Similarly, Version C
consistently received higher EQ ratings (Table 4).

1) ANALYSIS OF VARIANCE FOR USER PERCEPTION OF EQ
ACROSS VERSIONS

A one-way between-group ANOVA was conducted to explore
the differences in user perception of the EQ across the three
samples for each version of the representations (A/B/C/D).

a: VERSION A

A statistically significant difference was found (F(2,29) =
5.75, p < 0.01) and, based on omega squared, the effect
size (0.23) indicated a large effect [42] (Table 5). Post-hoc
Tukey’s HSD tests revealed slightly significant differences in
the mean EQ scores between all samples (Table 3).

b: VERSION B

A statistically significant difference was observed
(F(2,29) = 7.6, p < 0.01) with a large effect size (0?* =
0.29) [42] (Table 5). Post-hoc comparisons using Tukey’s
HSD identified a significant difference in the mean EQ scores
between Sample 3 and both Samples 1 and 2 (Table 3).
Samples 1 and 2 did not differ from one another (Table 3).

c: VERSION C
No statistically significant difference was found in user
perception of EQ across samples (Tables 4 and 5).

d: VERSION D
A statistically significant difference was detected (F(2, 29) =
6.02, p < 0.01) with a large effect size, (w? = 0.27) [42]
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Sample 1 Sample 2 Sample 3

W Version A @ Version B

FIGURE 11. Evaluation of the EQ of Version A/B and C/D, per sample.

Version A Version B Version C Version D

FIGURE 12. Overall evaluation of the SPQ.

(Table 5). Post-hoc Tukey’s HSD tests indicated a significant
difference in the mean EQ scores between Samples 2 and 3
(Table 4). Sample 1 did not differ significantly from
Samples 2 and 3 (Table 4).

B. USER PERCEPTION OF SOCIAL PRAGMATIC QUALITY
Analyses of user evaluations revealed a significant preference
for Versions A and C regarding the SPQ (Fig. 12). This
preference was consistent across the samples (Fig. 13).
Although Sample 3 also showed a trend favoring Versions A
and C, this effect was less pronounced.

To better understand these differences, we employed a
paired-sample -test to evaluate the user perception of SPQ
across three independent samples. Participants in all samples
consistently rated Versions A and C significantly higher on
the SPQ than their counterparts, Versions B and D.

Version A vs. Version B: Version A exhibited a sig-
nificantly better perceived SPQ (mean scores, 7-Statistic,
p-values, and effect sizes are provided in Table 6).

Version C vs. Version D: Similarly, Version C consistently
received higher SPQ ratings (Table 7).

1) ANALYSIS OF VARIANCE FOR USER PERCEPTION OF SPQ
ACROSS VERSIONS

A one-way between-subjects ANOVA was conducted to
explore potential differences in user perception of the SPQ
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Sample 1 Sample 2 Sample 3

@Version C @ Version D

TABLE 5. Univariate ANOVA for user perception of EQ and SPQ across
versions.

F df p* w?

EQ

Version A 5.75 2.29 0.01 0.23

Version B 7.6 2.29 0.01 0.29

Version C ns ns ns ns

Version D 6.02 2.28 0.01 0.27
SPQ

Version A 7.02 2.29 0.01 0.27

Version B 6.31 2.29 0.01 0.25

Version C ns ns ns ns

Version D 4.27 2.28 0.01 0.33

* Using a Bonferroni adjusted alpha level of 0.017
ns = Non-significant at a confidence level of 95%

TABLE 6. Mean (SD), t-Statistic, and p-Value for user perception of SPQ in
Version A vs B, across samples.

Version A Version B

M SO M SD ¢t df p 7

Sample 1 45 068 295 108 276 7 0.05 0.52
Sample 2 546 042 272 065 109 9 0.01 0.94
Sample 3 481 058 393 09 359 13 001 065

TABLE 7. Mean (SD), t-Statistic, and p-Value for user perception of SPQ in
Version C vs D, across samples.

Version C Version D

M SO M SD t df p 1P

Sample 1 458 074 3.03 065 3.69 7 0.01  0.66
Sample 2 488 124 26 071 675 9 0.01 0.87
Sample 3 491 065 3.87 082 373 13 0.01 0.67

across the three independent samples for each version of the
representations (A/B/C/D).
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Sample 1 Sample 2 Sample 3

M Version A @ Version B

FIGURE 13. Evaluation of the SPQ of Version A/B and C/D, per sample.

a: VERSION A

A statistically significant difference was observed in user
ratings of SPQ (F(2,29) = 7.02, p < 0.01). Furthermore,
based on the omega squared, the effect size indicated a large
effect (w?> = 0.27) [42] (Table 5). Post-hoc Tukey HSD
tests revealed a significant difference in the mean SPQ scores
between Sample 2 and, Sample 1 and 3 (Table 6). Samples
1 and 3 exhibited no significant differences (Table 6).

b: VERSION B

A statistically significant difference was detected in the SPQ
ratings (F(2,29) = 6.31, p < 0.01) with a large effect
size, (w®> = 0.25) [42] (Table 5). Post-hoc Tukey HSD
comparisons identified a significant difference in the mean
SPQ scores between Sample 3 and both Sample 1 and 2
(Table 6). Samples 1 and 2 showed no significant differences
(Table 6).

¢: VERSION C
No statistically significant difference was found in user
perception of SPQ across samples (Tables 5 and 7).

d: VERSION D

A statistically significant difference was identified in the SPQ
ratings (F(2,28) = 4.27, p < 0.01) with a large effect
size, (w? = 0.33) [42] (Table 5). Post-hoc Tukey HSD tests
indicated a significant difference in the mean SPQ scores
between Sample 3 and both Samples 1 and 2 (Table 7).
Samples 1 and 2 did not differ significantly from one another
(Table 7).

C. VARIANCE OF USER PERCEPTION OF EQ AND SPQ,
ACROSS VERSIONS AND SAMPLES

A two-way between-group MANOVA was conducted to
investigate the effects of sample (1, 2, and 3) and version (A/B
or C/D) on user perception of the EQ and SPQ. Preliminary
assumption testing was performed to check for normality,
linearity, univariate and multivariate outliers, homogeneity of
variance-covariance matrices, and multicollinearity, with no
serious violations noted.

a: VERSION A/B
There was a statistically significant interaction effect between
the sample and version (F (8, 52) = 3.78, p < 0.01; Wilks’
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Sample 1 Sample 2 Sample 3

@ Version C @ Version D

A = 0.4). Univariate ANOVA with Bonferroni correction
revealed significant main effects of version for both the
EQ and SPQ (all p-values < 0.01, see Table 5). Sample
2 consistently rated Version A higher than Samples 1 and 3 for
both measures (Tables 3 and 6). Conversely, Sample 3 rated
Version B higher than Samples 1 and 2 on both measures
(Tables 3 and 6).

b: VERSION C/D

A significant interaction effect between sample and version
was observed (F (8, 50) = 2.82, p < 0.05; Wilks’ \ = 0.54).
However, only Version D showed a significant main effect of
version for both the EQ and SPQ after Bonferroni correction
(all p-values < .01, see Table 5). Similar to Version B, Sample
3 rated Version D higher on both measures than Samples 1
and 2 (Tables 4 and 7).

D. VARIANCE OF USER PERCEPTION OF EQ AND SPQ,

BY AGE GROUP

A one-way between-group ANOVA was conducted to explore
the effects of age on user perception of the EQ and SPQ
for each version (A/B/C/D). The participants were divided
into three groups: Group 1: 25 years old or less (N = 11),
Group 2: 26 to 38 years old (N = 11, except on SPQ of Ver-
sion C where N = 10), and Group 3: 39 years old and above
(N = 10).

In Version B, we found a significant effect of age group for
both EQ (F(2,29) = 9.08, p < 0.01, »*> = 0.34) and SPQ
(F(2,29) = 7.12,p < 0.01, w? = 0.28). Post-hoc Tukey’s
HSD tests revealed that younger participants rated Version B
significantly higher (Ngg = 4.11, SDgg = 0.99; Ngpg =
4.09, SDspo = 0.94) than both the 26-38 age group (Mgp =
2,71, SDEQ = 0.48; MSPQ = 2.76, SDSPQ = 0.69) and older
participants (Mgg = 2.84, SDgg = 0.97; Mspg = 3.04,
SDspg = 0.96).

Another significant effect was observed for Version D, both
in the evaluation of EQ (F(2, 29) = 10.09, p < 0.001, w? =
0.36) and SPQ (F(2,29) = 11.46, p < 0.001, 0> = 0.4).
Post-hoc Tukey HSD tests indicated that younger participants
rated Version D significantly higher (Mgg = 3.73, SDgg =
0.89; Mspp = 4.09, SDspp = 0.78) than both the 26-38
age group (Mgg = 2.36, SDgg = 0.54; Mspp = 2.76,
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SDspgp = 0.79) and the 39+ age group (Mgp = 2.80,
SDgg = 0.71; Mspg = 2.9, SDspg = 0.5).

There were no statistically significant differences in user
perceptions of the EQ and SPQ for Versions A and C across
the age groups.

E. VARIANCE OF USER PERCEPTION BY SELF-REPORTED
KNOWLEDGE

We controlled for self-reported DEMO and domain knowl-
edge to better understand how participants rated the EQ, SPQ,
and functional suitability.

1) ANALYSIS OF VARIANCE FOR USER PERCEPTION BY
SELF-REPORTED DEMO KNOWLEDGE

A one-way between-group analysis of variance was con-
ducted to explore the differences between self-reported
DEMO knowledge and the evaluation of EQ, SPQ, and
functional suitability of Versions A/B/C/D. Subjects were
divided into three groups according to their self-reported
knowledge of the DEMO language: Group 1: Low Knowl-
edge (<= 2 points, N = 11), Group 2: Medium Knowledge
(3 — 4 points, N = 12), and Group 3: High Knowledge (5+
points, N = 9).

There were no statistically significant differences in the
EQ or SPQ in Versions A, C, and D, across all three DEMO
knowledge groups.

A statistically significant difference was observed in the
evaluation of both the EQ (F(2,29) = 4.42, p < 0.05, w* =
0.18) and SPQ (F(2,29) = 5.15, p < 0.05, w?> = 0.21),
in Version B. Post-hoc comparisons using Tukey’s HSD tests
indicated that participants with lower self-reported DEMO
knowledge (MEQ = 2.58, SDEQ = 0.71; MSPQ = 2.64,
SDspgp = 0.54) rated Version B significantly lower than
participants with middle (Mgg = 3.4,SDgg = 1.11; Mgpg =
3.47, SDspg = 1.09) and higher knowledge (Mgg = 3.8,
SDgg = 0.96; Mspg = 3.91, SDspp = 1).

There was one statistically significant difference in the
evaluation of functional suitability using Version D between
the groups with the lowest and highest self-reported DEMO
knowledge (F(2,29) = 5.2, p < .05). The effect size,
calculated using the omega squared, was small (v® =
0.3). Post-hoc comparisons using Tukey’s HSD test also
indicated that the functional suitability mean score for the
group with lower knowledge (M = 2.55, SD = .69) was
significantly lower than that of the group with the highest
DEMO knowledge (M = 4.11, SD = 1.05).

There were no statistically significant differences in the
evaluation of functional suitability in Versions A/B/C across
the three DEMO knowledge groups.

2) ANALYSIS OF VARIANCE FOR USER PERCEPTION,

BY SELF-REPORTED DOMAIN KNOWLEDGE

A one-way between-group ANOVA was conducted to
explore the effects of the differences in self-reported domain
knowledge on user perception of the EQ and SPQ for
Version A/B/C/D. The subjects were divided into three
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Version A Version B Version C Version D

FIGURE 14. Overall evaluation of the functional suitability.

groups according to their self-reported domain knowledge
(Group 1: <= 3, N = 15; Group 2: 4, N = 9; Group 3:
54, N = 8). No statistically significant differences were
found across the domain knowledge groups regarding user
perceptions of the EQ and SPQ.

We also ran an ANOVA to explore the differences
between the level of self-reported domain knowledge and
the evaluation of the functional suitability of Versions
A/B/C/D. There was a statistically significant difference in
the evaluation of Version D between the two groups with
self-reported lower domain knowledge (F(2,29) = 4.43,
p < .05, M(;mupl = 3.87, SDGroupl = 1.06, M(;mupz = 2.67,
SDGroup2 = 1). No effect size was detected using omega
squared. There were no statistically significant differences
in the functional suitability of Versions A/B/C across the
knowledge groups.

F. USER PERCEPTION OF FUNCTIONAL SUITABILITY

An overall observation of the ratings given for functional
suitability shows that participants considered Versions A and
C to be more functional (Fig. 14). Looking at the evaluation
per sample in Fig. 15, we can see that Versions A and C are
preferred.

A paired-sample ¢-test was conducted to compare user
perception of functional suitability between Versions A/B and
C/D. Functional suitability was rated significantly higher for
Version A than for Version B (M4 = 5.23, SD4 = 0.72;
Mp = 381, SDp = 1.45; t(30) = 4.68, p < 0.001).
The eta square statistic (r]2 = 0.42) indicated a large
effect size [42]. Version C also received significantly higher
functional suitability ratings than Version D (M¢ = 5.06,
SDc = 0.84; Mp = 3.25, SDp = 1.22; t(30) = 7.71,
p < 0.001). The effect size (n2 = 0.67) was again large [42].

To further evaluate the perception of functional suitability,
participants compared Versions A/B and C/D across three
criteria: ease of understanding task sequence/fact relation-
ships, ease of viewing and understanding tasks/facts, and
suitability for supporting everyday tasks. For all three criteria,
the participants rated Versions A and C significantly higher
than Versions B and D (Fig. 16 and 17).
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FIGURE 15. Evaluation of the functional suitability, per sample.
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FIGURE 16. Functional suitability of Version A/B.
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FIGURE 17. Functional suitability of Version C/D.

1) USER PERCEPTION OF FUNCTIONAL SUITABILITY BY
SAMPLE

A paired-sample 7-test was conducted to compare the user
perception of functional suitability between Versions A/B
and Versions C/D within each sample. Versions A and C
were systematically rated higher than Versions B and D (see
Tables 8 and 9).
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Sample 1 Sample 2

Sample 3

M Version C W Version D

TABLE 8. Mean (SD), t-Statistic, and p-Value for functional suitability in
Version A/B, across samples.

Version A Version B

M SO M SD ¢t df p P

Sample 1 5 0.58 329 1.8 ns ns ns ns
Sample 2 57 048 31 099 65 9 0.001 0.86
Sample 3 5 078 457 122 ns ns ns ns

ns = Non-significant at a confidence level of 95%

TABLE 9. Mean (SD), t-Statistic, and p-Value for functional suitability in
Version C/D, across samples.

Version C Version D

M SO M SD t df p

Sample 1 475 089 25 076 428 7 0.01 0.72
Sample 2 52 092 26 097 851 9 0.001 0.91

Sample 3 514 077 414 1.03 361 13  0.001 0.65

2) USER PREFERENCE FOR INFORMATION SOURCES IN
TASK/FACTS CLARIFICATION
In Fig. 18, one can see the overall preference of the
participants for the preferred information source.

A paired-sample z-test was conducted to compare user
preferences for different information sources when clarifying
questions regarding specific tasks.

a: VERSION A VS. VERSION B

Participants showed a significantly stronger preference for
Version A (M = 5.06, SD = 0.93) than for Version B (M =
3.19, SD = 1.40) for task-related questions (#(30) = 5.66,
p < 0.001, n* = 0.52).
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Where to look to clarify their questions about a specific task
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FIGURE 18. Preferred information source.

b: VERSION A VS. LEGISLATION/GUIDELINES

Version A was also significantly preferred over legisla-
tion/guidelines (M = 3.45, SD = 1.77) when clarifying
task-related questions (#(30) = 4.29, p < 0.001, 772 = 0.38).

¢: VERSION C VS. VERSION D

Participants preferred Version C (M = 4.97, SD = 0.8) over
Version D (M = 3.03, SD = 1.25) to clarify questions about
data requirements within tasks (#(30) = 7.06, p < 0.001,
n% = 0.62).

d: VERSION C VS. LEGISLATION/GUIDELINES

Version C again received a significantly higher preference
than the legislation/guidelines (M = 3.48, SD = 1.79)
for clarifying data requirements within tasks (#(30) = 3.91,
p < 0.001, n> = 0.34).

G. QUALITATIVE DATA ANALYSIS

In a debriefing session, after completing the questionnaires,
participants expressed comments and opinions on what could
be improved in the representations. This feedback was
reviewed in light of qualitative research methods, namely,
narrative analysis.

In Sample 1, the features that gathered the most consensus
were as follows: inclusion in the Process Diagram (Version
A), the time restrictions of each task; and present, associated
with the tasks, the organizational role responsible for
executing the task in some sort of overlay. Participants from
Sample 1 revealed that they would like to have included
the exception conditions of the task in the task shape
(e.g., a collapsible box) and the procedures that apply in
each case (e.g., a task not finishing within the expected
timeframe or other conditions such as the delivery of certain
mandatory documents not being fulfilled). This information
is already available in the transaction description table, but
they considered it to be helpful to have it represented in the
diagrams.

The participants in Sample 1 emphasized that they would
need to update the representations frequently because of the
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Where to look to clarify the data required in a specific task

Version C Version D Legislation/Guidelines

new rules and procedures that are continuously created and
updated. Moreover, the participants reinforced the need to
include informal descriptions in diagrams.

In Samples 1 and 2, participants mentioned that Version B
was difficult to grasp and had extensive line clutter.

VIl. DISCUSSION
In this section, we explore and discuss key findings related to
our results and hypotheses.

A. OVERALL PERCEIVED QUALITY AND FUNCTIONAL
SUITABILITY

The results from our combined analyses indicate that
the newly proposed representations of DEMO’s Process
and Fact Models express information in a concise, clear,
effective, and useful manner, supporting H;. The results
of the evaof the functional suitability of versions A and
C, as well as their EQ and SPQ, show a clear advantage
over versions B and D (Fig. 10, 12, and 14). Results of
EQ and SPQ ratings are aligned; therefore, we consider
that the overall perceived quality of the new representations
is higher, as detailed in the following sections. Together
with the explicit results regarding functional suitability, the
aggregated data contributed to validating H.

Our findings suggest that diagrammatical representations
with concise information, complemented by semantically
rich descriptive tables containing comprehensive and linked
information, seem to be perceived as having higher quality
and functional suitability. This is also supported by previous
work and the Cognitive Theory of Multimedia Learning,
which hypothesizes that material intended to be received,
understood, and retained by its users should be presented
using both words and visuals [26].

Considering the limitations of working memory and
the concept of element interactivity pointed out by the
Cognitive Load Theory [28], the extraneous cognitive load
should be decreased as far as possible [27]. The newly
proposed representations are clear and concise, which is
essential to reduce the cognitive effort required to process
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them effectively. Therefore, these representations seem to
overcome the toll of the standard representations being too
complex and not guaranteeing model comprehensibility for
stakeholders, a concern reported by several authors (e.g., [2],
[31, [7]). Thus, Versions A and C seem to have achieved
fitness for use by their audience [3] and can aid in more
effective enterprise modeling for more successful information
system planning and implementation.

B. EMPIRICAL QUALITY

The combined analysis found that Versions A and C were
consistently rated as having a higher EQ than Versions B
and D (Fig. 10. This suggests that the newly proposed
representations are regarded better through a different
arrangement or layout, confirming that they have a higher EQ
(H>) [16].

Several design aspects of Versions A and C likely
contributed to this perception (e.g., color, solidity, aesthetics,
and orientation). Incorporating symbols and notations that
facilitate the understanding of the modeled system seems to
be a clear advantage of the new representations. The partici-
pants’ feedback also highlighted the notation’s aesthetics that
facilitated task identification.

Version A used color to differentiate between original,
informational, and documental tasks, potentially aiding
information identification and comprehension, as supported
by previous work [29]. Even though the literature reports con-
flicted results regarding the use of color in process models [4],
our results show that it helped users’ understanding.

In the debriefing session, participants mentioned that they
would like to have information on the exception conditions
and the procedure to deal with them, included or accessible
in its shape through a collapsible box (for example, similar to
our innovation of the collapsible box in the FM’s concepts).
This supports previous findings that representations should
include dynamic features [19] and informal descriptions [16],
[19].

Retinal variables (e.g., shape, size, and color) were used
by Version C to accentuate information, potentially paving
the way for a higher perceived EQ, confirming findings
from previous studies [29]. Additionally, its dynamic nature,
allowing users to hide/show details and rearrange elements,
might have been interpreted as a sign of better organization
and, thus, higher EQ.

Unlike the static and cluttered feel of Version D, the
higher aesthetic appeal of Version C was probably due to
the collapsible boxes. As claimed in previous work [11],
this design feature leads to more aesthetically pleasant
information visualization and allows users to focus on key
aspects. Because of its complexity, the current OFD (in
GOSL) can be a burden for stakeholders who are untrained
in the DEMO standard [11]. The findings of our family
of studies indicate that the newly proposed representations
overcome this limitation.

According to the literature, increased familiarity with
a diagram can positively impact the assessment of its
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aesthetics [16]. Our findings partially support this hypothesis.
The analysis revealed consistency in evaluating Versions
A and C across the samples (Tables 3 and 4), suggesting
that the cognitive effectiveness of these representations
transcends DEMO knowledge. However, the ratings for
Versions B and D differed significantly (Fig. 11). While
Samples 1 and 2 (with no DEMO experience) showed
similar evaluations for these versions, Sample 3 (DEMO-
trained) rated them significantly higher. This suggests that
DEMO knowledge enhances user perception and positively
influences EQ evaluation. Nevertheless, even in Sample 3,
newer representations were preferred. These results did not
reveal a positive association between, on the one hand,
participants’ self-reported DEMO knowledge and, on the
other hand, the evaluation of the EQ in Versions B and D.
Thus, our initial expectation was not fulfilled (Hg).

Controlling for self-reported domain knowledge, we found
no significant differences in the evaluation of EQ, thus not
supporting Hs, regarding the EQ scale. This seems to indicate
that knowledge about modeled tasks and facts does not
necessarily interfere with the perception of EQ. It implies
that the notation used is domain-neutral, which is a required
property for a generic language.

When controlling for age, we found that younger partici-
pants rated the EQ of Versions B and D significantly higher.
This might be because most younger participants belonged to
Sample 3 (DEMO-trained); therefore, the representations on
Version B and D were already familiar to them. Nevertheless,
only Version B showed a significant difference when
controlling for self-reported DEMO knowledge in both the
EQ and SPQ. Participants with higher self-reported DEMO
knowledge (groups with medium and high self-reported
knowledge; that is, level 34) evaluated the EQ of Version B
more positively. This suggests that the struggle to understand
the traditional Process Model representation is lower for those
with formal language knowledge.

Symbols are an essential aspect of EQ [16]. MU-
theory [12] explains and clarifies the notion of models and
representations. However, DEMO symbols are not currently
grounded in theory or empirical studies. As we can infer from
our family of studies and also pointed out by other authors [7],
[8], [18], [19], [20], the traditional DEMO Process and Fact
Model representations are inadequate communication tools,
somewhat cluttered, and difficult for laypeople to understand.
A more user-friendly representation of models, with higher
perceived quality and functional suitability is required to
elevate the general adoption rate of DEMO standard by
industry. The results we present constitute relevant steps in
this direction.

C. SOCIAL PRAGMATIC QUALITY

Participants in our family of studies consistently rated
Versions A and C as having a higher SPQ than Versions B
and D (Fig. 12), thereby confirming H3. This suggests that
newer representations were perceived as easier to understand,
probably because of their features of effectively highlighting
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relevant content, improved structure, intelligibility, readabil-
ity, and comprehensiveness, thus having a higher SPQ [16].
That is, Versions A and C are better understood by their
intended audience [16], [29].

In the analyses of data per sample (Table 6 and 7), we found
that Sample 3 (DEMO-trained) rated Versions B and D
significantly higher than the other samples with no DEMO
experience (Fig. 13). This finding aligns with the literature,
as it has been reported that familiarity with a modeling
language can improve its understandability [16].

Despite this, even among Sample 3 (DEMO-trained), Ver-
sions A and C were still the preferred choices, not supporting
our initial prediction (Hg) regarding the SPQ. This might
be because the subjects of Sample 3 were not sufficiently
experienced in the DEMO standard and, hence, preferred a
mixed format for representing the Process and Fact Models
over a purely formal one. Future studies should explore the
relationship between proficiency in formal languages and
perceived intelligibility of diagrammatic representations.

Controlling for self-reported DEMO knowledge, we found
only one statistically significant difference in SPQ. In the
evaluation of Version B, namely in the groups with higher
DEMO knowledge (self-reported level of 34), the SPQ was
evaluated more positively. Considering this finding, we can
infer that participants with lower DEMO knowledge may
have felt challenged to understand the standard Process
Model representations.

According to our findings, self-reported DEMO knowl-
edge did not significantly influence SPQ evaluation for
Versions A, C, or D. This may be due to the small number
of participants with high self-reported DEMO knowledge (N
= 9) in our sample, which did not provide enough data for
a more generalizable analysis. Further research is needed
to explore the relationship between expertise in the DEMO
standard and SPQ evaluation.

No statistically significant differences were found regard-
ing the effects of self-reported domain knowledge on SPQ
perception. This suggests that domain knowledge itself may
not influence SPQ perceptions.

Krogstie [29] reported that a mix of formal and informal
statements can be more comprehensive for subjects without
modeling training than purely formal models, even if the
information present is redundant. Version C of the newly
proposed representations incorporates this mix of formal and
informal statements and, therefore, potentially contributes
to participants’ preferences in Samples 1 and 2 (no DEMO
experience). Conversely, subjects trained in structured visual
notations tend to prefer formal to informal models. However,
the data from our family of studies did not confirm this,
as Sample 3 was trained in the DEMO standard, but attributed
a higher evaluation to the newly proposed representations.

No significant differences were found when self-reported
domain knowledge was controlled for. Our results do
not support Hs, in terms of the SPQ. Therefore, being
knowledgeable about modeled concepts does not seem to
affect the evaluation of the SPQ.
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When controlling for age, we found that younger par-
ticipants (mostly belonging to Sample 3) rated the SPQ of
Versions B and D significantly higher than the remaining
participants. This is in line with the previously reported
preference for traditional DEMO representations within this
group, which had undergone DEMO training. No other
significant age-related variations were observed in Versions
A and C.

D. FUNCTIONAL SUITABILITY

Versions A and C were perceived as more suitable, that is,
those that more satisfactorily addressed stated and implied
needs, supporting Hy (Fig. 14) [21]. Version D was perceived
to be less functional.

Going deeper into the data (Tables 8 and 9), we found
that all three samples considered Versions A and C to be
more functional (see Fig. 15). Furthermore, we found that
the sample that best classified the functional suitability of the
standard DEMO diagrams (Versions B and D) was Sample 3
(DEMO-trained). However, these results do not confirm Hg,
as participants with higher self-reported DEMO knowledge
still preferred the newly proposed DEMO representations.
These results come in line with previous studies focused on
label types in process modeling, which also could not find a
statistically significant interaction effect on the relationship
between familiarity with the notation and the evaluation of
perceived usefulness [31].

Our results were inconclusive for Hs, as they did not
reach statistical significance. Previous studies focused on
label types in process modeling, also could not find a
significant interaction effect on the relationship between
domain knowledge and its perceived usefulness [31]. Further
evaluations with larger samples are needed to reach statisti-
cally significant interaction effects.

Although not statistically significant, the group with higher
knowledge (Group 3, knowledge level > 5) also assessed
the functional suitability of Version D as lower than that
of Group 1. This might be explained by the fact that
Group 1 had less knowledge of the modeled concepts and,
therefore, did not fully realize the difficulties of interpreting
the representation.

A large majority of the subjects directly chose the new
representations as: the easiest to enable understanding of task
sequence and fact relationships; the easiest to visualize and
understand tasks/facts; and the most suitable to support the
execution of their daily tasks (Fig. 16 and 17).

According to Krippendorff, the worth of any design is
judged in accordance with the perceptions and meanings that
users attribute to it [9]. Our data revealed that when needing
to clarify a question, a large majority of the participants
preferred to look it up in the new representations (Versions A
and C) rather than in the traditional representations (Versions
B and D) or even in the legislation/guidelines (Fig. 18),
supporting H7.
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The results confirm that participants perceived new
representations as meeting stated and implied needs [21], thus
having higher functional suitability.

VIil. THREATS TO VALIDITY AND LIMITATIONS

While this family of studies offers valuable insights into user
perception of DEMO representations, threats to validity and
limitations were considered. These factors were considered
both in the research design to strengthen the validity of
our results and, in this section, to provide inputs and
directions on how future research can address current
limitations. Threats to validity within the scope of empirical
Software Engineering are reported in [43]. This is closest
to the research presented in this paper, as models and
representations are an essential part of model-driven software
engineering/information system development. In quantitative
research, four main types of threats to validity were
considered: conclusion, internal, construct, and external
validity [43].

Regarding conclusion validity, these threats could apply to
our family of studies: (1) low statistical power; (2) violated
assumptions of statistical tests; (3) fishing and error rate;
(4) reliability of measures, and (5) random heterogeneity of
subjects.

With respect to (1), our sample size was relatively small
(N = 32) due to the resource constraints to recruit more
participants. Nevertheless, we only reported statistically
significant results of over 95% confidence level and the tests
we used (¢-test, ANOVA, and MANOVA) have high statistical
power. In (2), there are no major violated assumptions,
as reported in Section VI. The data distribution in our dataset
was normal, and the tests used were robust. In the case of
(3), we could argue that we expected the newly proposed
representations to achieve a higher evaluation. However, the
manner in which we designed and conducted our studies,
as described in Section V, aimed to ensure independence and
escape from common bias. As this is a comparative study,
we looked at the data from several perspectives, as reported in
Section VI. As areference, we used the usual 95% confidence
level; however, some results were significant at the 99%
confidence level. In some analyses, we used Bonferroni
correction, as indicated in the literature [42].

Regarding the reliability of measures (4), the validity of an
experiment is highly dependent on them. The basic principle
is that, when measuring a phenomenon twice, the outcome
will be the same. For example, lines of code are more
reliable than function points, because they do not involve
human judgment. In other words, objective measures that
can be repeated with the same outcome are more reliable
than subjective measures. In a subjective measure, the person
making the measurement contributes by making some sort of
judgment, and the measurement can be different if the object
is re-measured. Examples of subjective measures include
personnel skills and usability [43]. Owing to the nature of
our evaluation, all measures were subjective, which could
imply a high risk of threat to validity. Several questions were
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associated with each measure to ensure reliability, some of
which were negatively phrased. Regarding the outcome in
our family of studies, we measured the same phenomenon
three times, and the results were quite similar. Therefore,
we concluded that this is not a significant threat to our study.

With respect to (5), we had a larger degree of homogeneity
within samples rather than heterogeneity, which could
hinder external validity; however, by having a relevant and
substantial heterogeneity across samples, we mitigated this
effect. Nevertheless, further research is required to increase
the reliability of the results and external validity, as our family
of studies relied on self-reported data collected through
purposeful sampling from three user groups (public officers,
healthcare professionals, and DEMO students, all living in
Portugal). This limits the generalizability of our findings
to other demographics and domains. Future research should
involve larger and more diverse samples to explore potential
variations in user perceptions across different backgrounds
and geographies.

With respect to internal validity, we recognize as possible
single-group threats: (1) history, (2) maturation, (3) instru-
mentation, (4) selection, (5) mortality, and (6) ambiguity
regarding the direction of causal influence [43].

History threat (1) did not apply to our study, as we
had a single intervention with each group of participants.
Regarding (2), the subjects in our study might have reacted
differently as time passed, as the session took 60-90 minutes.
The evaluation session included seven steps: presentation
of the main DEMO concepts, presentation of the two
versions of the Process Model, filling in the questionnaire
related to the Process Model, presentation of the Fact
Model, filling in the questionnaire related to the Fact
Model, filling in the demographic data, and a debriefing
session. To mitigate the fact that some subjects might have
been negatively (tired, bored, or worn out) or positively
(learning) affected, we alternated between the presentation
of the models and the time to fill in the questionnaire.
With this design, we hoped to make the sessions more
dynamic.

Concerning (3), the questionnaire used in this family of
studies was presented in [ 19]. It was designed primarily based
on the SEQUAL framework, which has been extensively
tested [2], [16], [30]. Selection effect (4) stresses the possible
effect of letting volunteers participate in an experiment,
as it may influence the results. Volunteers are generally
more motivated and suited to new tasks than the entire
population [43]. As we used purposeful sampling, the
generalizability of the findings was limited to the conclusion
validity threats, as acknowledged above. Mortality (5) and
ambiguity about the direction of causal influence (6) do not
apply to our family of studies, as we had neither participants
who dropped out nor tried to establish causal relationships
among variables.

As our study involved a single interaction with each group
of participants, social threats to internal validity [43] are not
applicable.
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In terms of construct validity, some relate to the design of
the experiment, whereas others relate to social factors [43].

Regarding design threats, our constructs were well
defined; thus, the design threat of inadequate preoperational
explication of constructs does not apply. Our family of
studies included different variables (e.g., empirical quality,
functional suitability, DEMO knowledge). We used mixed
methods to collect data, and the study took place in only one
session per group. Therefore, the design threats of mono-
operation bias, mono-method bias, and interaction do not
apply.

Relevant design threats could be confounding constructs
and levels of constructs. In some relations, it is not primarily
the presence or absence of a construct, but the level of the
construct, which is important to the outcome. The effect of
the presence of a construct is confounded by the construct-
level effect. For example, the presence or absence of prior
knowledge in a programming language may not explain the
causes of an experiment, but the difference may depend on
whether the subjects have 1, 3, or 5 years of experience in the
current language [43].

As already pointed out in the discussion of the results
on SPQ regarding Hg, the fact that the subjects of sample
3 were at the student level and thus had less than a year
of experience with the DEMO language might have led to
Hg not being supported. The fact that there was a significant
(positive) difference in the evaluation of SPQ of versions
B and D, while controlling for the variable of experience
in DEMO, might imply that if subjects have several years
of experience in the DEMO language, they might consider
versions B and D to have more SPQ than versions A and
C, and eventually support Hg. Therefore, future studies
should recruit participants more experienced with DEMO.
Nevertheless, the fact that we assessed the DEMO experience
on a Likert-type scale probably mitigated this threat.

In terms of social factors, we identified possible threats:
hypothesis guessing and experimenter expectations. We tried
to avoid the hypothesis of guessing a threat by presenting both
new and traditional representations in an independent way
and, in one study, in a reversed order. Experimenters can bias
the results of a study, both consciously and unconsciously,
based on their expectations. This threat can be reduced by
involving different subjects with no or different expectations
from the experiment. For example, questions can be raised in
different ways to provide the same answers [43]. To counter
this threat in our family of studies, the questions were
designed to minimize it, as already described in the measure
of reliability threat (the same variable was questioned in
different ways). However, these studies did not control for the
potential bias introduced by the presenter during the initial
briefings. Future studies should use multiple presenters to
mitigate this potential effect.

Owing to a lack of time and resources, the evaluation
of functional suitability did not include its subcomponents
of completeness, correctness, and appropriateness. Future
studies could, therefore, control for these variables.
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IX. CONCLUSION AND FUTURE WORK

Our research, in the form of a family of studies, compar-
atively evaluated representations of the Process and Fact
Models of the DEMO standard. We compared the newly
proposed representations (Versions A and C), which arose
from practical needs in a large-scale municipality modeling
project, to the current standard diagrams (B and D). This
study addresses the combined analysis of the pooled data
from three previous studies. This analysis strongly supports
the claim that the newly proposed representations are more
accessible and easier to grasp, both by domain experts and
those familiar with the DEMO standard. Overall, the family
of studies presented herein highlights the importance of
using user-centered design principles to improve cognitive
effectiveness in the representations of DEMO models.

It should be noted that the representations in Versions A
and C were not semantically equivalent to those in their coun-
terparts (B and D). Versions A and C incorporated elements
(from other DEMO models) pointed out as required/useful
by the stakeholders of the modeling project, which were not
originally part of DEMO’s PM and FM, whereas information
considered irrelevant to the stakeholders was removed. There-
fore, rather than comparing the representations based on strict
semantic equivalence, this family of studies aimed to evaluate
user perception of the quality and functional suitability of
alternative representations, where the newly proposed ones
try to bring more semantic richness, on one hand, while
also aiming, on the other hand, for simplicity. It could be
argued that one should not compare representations where a
particular alternative has more information and can naturally
and inherently be superior to the other. However, standard
DEMO representations have been proposed as a convention,
and no theoretical or usability studies have been conducted
on them [1]. Thus, to the best of our knowledge, ours is
the first formal evaluation of user perception of the quality
and functional suitability of DEMO representations. And it
has a large-scale real-world practical project supporting the
design of the newly proposed representations. Therefore, this
comparison appears useful and fair.

This family of studies has contributed to the body
of knowledge in several ways. First, we deepened and
consolidated previous research examining user perception of
empirical quality (EQ), social pragmatic quality (SPQ), and
the functional suitability of standard and newly proposed
representations of DEMO’s Process and Fact Models. This
strengthens the reliability of previous findings. Second,
we expanded the knowledge base on the barely unexplored
area of user experience with DEMO models. Third, we hope
that this family of studies will drive further research on
user-centric approaches, ultimately leading to enhanced
DEMO representations that are easier to understand and
apply. Fourth, our work stresses the importance of having
diagrammatic representations that are dynamic, subject
to frequent modifications, and must be easily changed.
Ultimately, our family of studies provides valuable insights
into stakeholders’ preferences. This information can be used
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to enhance the Process and Fact Model representations, which
can potentially increase their quality and encourage broader
adoption of the DEMO standard by industry.

As a general insight, diagrammatical representations with
simple and essential data complemented by descriptive tables
with additional information are perceived as having higher
quality and functional suitability. Further research should
explore this complementary strategy to enable a better user
experience in the field of modeling.

Representations of DEMO models must improve their
qualities to increase their adoption by industry. Future
research should focus on developing more accessible and
inclusive representations, considering the insights from
the Cognitive Load Theory and the Cognitive Theory of
Multimedia Learning. It would benefit the full range of
stakeholders, further simplifying and improving the visual
notation and language used in DEMO representations.
Enhancing user comprehension and cognitive effectiveness,
as well as investigating the impact of different representations
on task performance and user learning outcomes, will provide
further understanding of their effectiveness. According to our
findings, the newly proposed representations of the Process
and Fact Models hold promise, even for those experienced in
DEMO.

We will now focus on relevant practical implications of the
newly proposed DEMO representations. Their user-centric
design places emphasis on understandability and practi-
cal usability, making them accessible and functional for
stakeholders.

On our family of studies, there were no statistically relevant
differences regarding the evaluation of the newly proposed
representations by different domains (urban appraisal and
healthcare). This seems to imply that this notation has
a neutral effect domain-wise, which means it should be
applicable to most, if not all, organizational settings.

The new representations provide increased traceability.
For example, they allow users to easily track the tasks that
create or update all facts/information within the model. This
facilitates verification and auditing processes.

The novelty of the descriptive tables, which provide
detailed and structured information to support the interpre-
tation of the diagrams, makes the new set of representations
more functional for the day-to-day work of users.

There are still some limitations to overcome in the
newly proposed DEMO representations, duly identified in
section III-G, but most are or will be mitigated with
functionalities we are developing in our modelling tool.

Regarding our results, incorporating a hands-on exercise
to evaluate user performance (e.g., speed, ease of use,
intuitiveness) with different versions of diagrams should
strengthen them. Depending on the users’ availability,
a real-life situation simulation would help to evaluate
task completion using different Process and Fact Models’
representations. This family of studies can be enhanced with
constructs regarding effectiveness and quality of work.
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From our literature review we identify other variables
that can be explored in future work [24], [29], namely:
cognitive effectiveness (the speed, ease, and accuracy with
which the user perceives the diagram), cognitive fit (the
use of different visual dialects when required), semiotic
clarity (each graphical symbol may only be associated to one
semantic construct), perceptual discriminability (symbols
should be smoothly distinguishable), semantic transparency
(symbols look should be suggestive of its meaning), graphic
economy (keep the number of different symbols cognitively
manageable), dual coding (enrich diagrams with textual
descriptions), physical quality (persistence, currency, and
availability of the diagram), syntactic quality (the correct
usage of the modeling language), semantic quality (rela-
tionship between the diagram and the modeling domain),
perceived semantic quality (relationship between the knowl-
edge of the stakeholders and their interpretation of the
diagram), pragmatic quality (interpretation of the diagram
by technical actors), social quality (relationship between the
interpretation of the process modeled by different actors),
deontic quality (contribution of the diagram to fulfill the
overall goals of modeling), and comprehensiveness (degree
to which the diagram represents the complete process that it
is meant to represent).

These variables can be used to evaluate and improve the
visual notation of diagrams and other representations of
DEMO. The evaluation of user experience should be included
in any modeling project to assess how representations are
perceived and to investigate refinements.

Future work should address more diverse domains and
demographics. The questionnaire could be extended to
include open-ended questions that directly ask participants
for improvements in each representation and explore the
reasons behind their preferences. Usability is related to the
evaluation of the effectiveness, efficiency, and satisfaction
of users working with a system and, therefore, cannot be
fully applied in the evaluation of model representations.
However, inspired by Nielsen’s Usability Model, we suggest
that future work should include more objective metrics, such
as success rate, time required to complete a task, and error
rate (including critical errors and non-critical errors). Also,
an expert-based evaluation of the representations could be
added to the study to increase the reliability of the findings.

Owing to a lack of time and resources, and to avoid having
a long questionnaire that could lead to user fatigue, our
work focused only on the EQ and SPQ constructs under
the SEQUAL framework. Future research could conduct a
technical evaluation of representations using other metrics
established in SEQUAL to identify areas of improvement.
This can be complemented by studies that investigate the
cognitive effectiveness of representations to understand
their impact on user comprehension, task completion, and
user learning outcomes. This could be complemented with
instruments to assess the cognitive load (e.g., NASA Task
Load Index).
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