
ECOS Modeling: A Modeling Tool, Repository for Models and
Evolution Analysis of Software Ecosystems

Francisco Victor da S. Pinheiro
Universidade Federal do Ceará

Quixadá, Ceará, Brazil
victorpinheiro@ufc.br

Emanuel F. Coutinho
Universidade Federal do Ceará

Quixadá, Ceará, Brazil
emanuel.coutinho@ufc.br

Ronier da S. Lima
Universidade Federal do Ceará

Quixadá, Ceará, Brazil
ronier.lim@alu.ufc.br

Maria Erilane L. da Silva
Universidade Federal do Ceará

Quixadá, Ceará, Brazil
mariaerilane12@alu.ufc.br

Carla I. M. Bezerra
Universidade Federal do Ceará

Quixadá, Ceará, Brazil
carlailane@ufc.br

Rossana M. C. Andrade
Universidade Federal do Ceará

Fortaleza, Ceará, Brazil
rossana@ufc.br

Abstract
Context: Software Ecosystems (SECO) are a set of actors and com-
ponents that function as a unit, relating to each other based on a
common interest in providing solutions or services to the software
industry. Problem: For a better visualization and understanding
of SECOs, recent studies propose modeling the network formed
by them. However, there is still no formalized modeling standard
for this area, and there is a lack of tools, approaches, and notations
that assist modeling. Solution: In this context, this work aims
to present an evolution of the SECO modeling tool, called ECOS
Modeling, in its version 4.0. In this version, some new features
were added, such as saving the registration and login in the tool,
saving and sharing the model in the repository, generating an anal-
ysis report of the SECO evolution, viewing the numerical data of
the model and making the tool available in other languages. IS
Theory: General systems theory, specifically the interfaces be-
tween different parts of systems and solutions that communicate,
exchanging information. These parts can be systems from differ-
ent institutions that require integration, consisting of Information
Systems.Method: The tool evaluation was planned based on the
TAM (Technology Acceptance Model), widely used to measure tech-
nology acceptance. The process involved the participation of 49
experts with experience in the areas of software and systems en-
gineering. The selection of experts sought to ensure diversity of
profiles, including academics and industry professionals, to broaden
the scope and relevance of the results. Summary of Results: The
evaluation results demonstrated strong validation of the tool, with
experts rating it as highly useful in terms of usability, functionality,
and alignment with requirements. The majority (73%) found the
tool very useful, 71% stated that it fully met the proposed require-
ments, and 69% reported ease in finding information and resources.
The tool’s navigation was considered clear and easy by 55%, while
49% always knew their location and next steps within the tool. In
addition, 55% of experts found the interface visually appealing and
45% reported low mental effort when using it. The study also re-
vealed that 55% used modeling tools frequently and 63% worked
with tools saving models in repositories, reinforcing the relevance
and suitability of the tool for its target audience. Contributions
and Impact in the IS area: As an emerging area, the results con-
tribute to Information Systems by providing a practical tool for
modeling, analyzing and evolving SECO. The main contribution is
to fill the gap of a formal standard for SECO modeling, allowing

the visualization and sharing of ecosystem dynamics, in addition
to offering detailed reports that support the understanding of its
evolution and identification of deficiencies.

CCS Concepts
• Software and its engineering→ Software development tech-
niques; • Information systems → Information system applica-
tions; • Computing methodologies→Model development and
analysis; • Human-centered computing→ Visualization.
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1 Introduction
Increasingly, software companies are realizing that they can no
longer compete solely on the basis of product excellence. The
ecosystems that surround platforms, such as operating systems,
business applications and even social networks, are undeniably
responsible for much of a platform’s success. With this vision, soft-
ware producing organizations need to design tools and strategies
to improve their ecosystems and reinvent tools that others have
already invented many times [12].

Software ecosystems (SECO) are an important concept for col-
laborative software development, and studies on their development
are fundamental to understanding the underlying dynamics and
modeling their behavior [21]. SECO is an effective way to build
large software systems on top of a software platform, composing
components developed by internal and external actors [12]. SECO
can be defined as a collection of businesses that function as a unit
and interact with a shared market of software and services, along
with the relationships between them. In an ecosystem, competing
companies can also act as partners to collaboratively develop soft-
ware products and platforms for a shared customer base [14, 22].

To understand the SECI behavior, it is important to understand
the structuring and roles of the actors and their relationships, as
well as the central platform where they operate. One of the essen-
tial activities for describing SECO in a system is modeling, which
involves different levels of technologies, notations and abstractions.
However, despite initial advances in SECO research, there are few
analytical models, real-world case studies, and integrated support
for tools [17].
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Models are built to provide a better understanding of systems or
environments. A major barrier to the evolution of SECO towards
decision-making in real industry is the lack of support for SECO
modeling. Some work in the literature argues that SECO modeling
is important for providing insights from representations, as well
as enabling the analysis and comparison of “static” ecosystems,
based on key concepts (e.g., organizations, relationships and flows)
and existing methods (e.g., socio-technical networks and software
supply networks) [7, 8, 15].

A way to standardize SECO modeling was suggested by Boucha-
ras et al. [4], using SSN (Software Supply Network) notation, the
most popular modeling method used by the SECO community. SSN
is a series of interconnected software, hardware and services orga-
nizations that cooperate to meet market demands [5]. The graphic
elements of the notation help to represent the actors and their
behaviors and interactions within the ecosystem.

Motivated by the lack of SECO modeling in the literature and
the absence of standardized models, this work presents the SECO
evolution modeling and analysis tool, called ECOS Modeling, with
functionalities associated with model maintenance, evolution anal-
ysis and repository for SECO models. This work also brings an
evaluation of the tool by experts, with the aim of evaluating its
functionalities.

This work is organized into the following sections: background
on SECO and SSN notation in Section 2, some related work are
described in Section 3, the ECOS Modeling tool is presented in
Section 4, Section 5 describes an evaluation of the tool, Section
6 presents the relationship between work and information sys-
tems and their challenges, and finally, Section 7 presents the final
remarks.

2 Background
This section presents some concepts about SECO, a brief summary
about SSN notation, a brief overview of SECO modeling in industry.

2.1 Software Ecosystem
Ecosystems are groups that, although distinct from each other, in-
teract in a mutual and disciplined manner. When a company takes
its software products beyond its organizational limits, making its
platform available and interacting with actors external to its orga-
nization, a SECO is formed [3]. SECO is a SE metaphor that has
been applied to understanding the software supply chain dynamics
centered on software platforms in the last decade [7]. SECO can
be characterized by a set of elements, which can be: the actors,
inside and outside the organization, the main software product, the
software support platform and SECO assets. These elements are
treated in an integrated manner, taking into account the interac-
tions, information exchanges and artifacts [16].

A SECO can be understood as a subtype of business ecosystem
[23], portraying an analogy from the early 90s to describe a newway
of looking at business networks [19]. On the other hand, a SECO
can be defined as a set of actors functioning as a unit, interacting
with a market distributed among software and services, along with
the relationships between them, which are usually supported by a
technological platform or a common market, functioning through
the exchange of information, resources and artifacts [13].

Such ecosystems have three elements: a hub, a platform or tech-
nology/market and a set of niche agents, where the hub is the
owner of the platform and niche agents can use it to generate value
for themselves and for the platform [11]. A human ecosystem is
a set of actors and their connections and activities, such as trans-
actions carried out around these connections, where physical and
non-physical factors are considered, and can be discerned between
commercial and social ecosystems [3].

In a commercial or business ecosystem, the actors are the busi-
nesses, suppliers and customers, the factors are the services and
the transactions are, in addition to the financial ones, the sharing
of knowledge and information, pre and post sales contacts [18].

2.2 Software Supply Network
One of the problems faced in modeling SECO is the lack of standard-
ization. Boucharas et al. proposed standardizing SECO modeling
using the Software Supply Network (SSN) strategy. As one of the
most famous SECO modeling notations, SSN is a series of linked
software, hardware, and service organizations which cooperate to
meet market demands [5]. SSN represents the main actors and their
interaction within a SECO using key elements.

The notation graphical elements aid to represent the actors, their
behaviors and interactions within the ecosystem. SSN can be used
to illustrate the structures of software supply chains in SECO [10].
SSN allows to reason about the business model of a software organi-
zation, showing its dependencies and flow [4]. With it, it is possible
to explain the commercial relationships between the elements of
a SECO in terms of input and output flows between the actors,
having a terminology based on the terms used in software devel-
opment activities, making it easily understandable for developers
[22]. Figure 1 shows the elements used in the SSN notation. Fig-
ure 2 presents a brief example of SECO modeling using the SSN
notation, showing the relationships of suppliers and intermediaries
with the company of interest, in addition to the customer. Each
element relationship (there may be more than one) can consist of a
financial value, a data type, or any by-product that is being passed
between elements. Actors, Trade Relations, Flows and Gateways
are the essential elements of SSN modeling. Thus, an actor will
be an organization or company that participates in a SECO, and
may be a Company of Interest, Supplier, Customer, Intermediary
or Customer of Customer. What will connect two actors will be a
Business Relationship, which can be formed by one or more Flows
[22].

Based on a review of modeling techniques used in SECO, Sadi
and Yu [22] reported that among the selected techniques (UML,
Graph representation, PDC, i*, etc), only SSN is specifically pro-
posed to model SECO, while the others are generic and widely used
in other areas. Although SSN does not support describing contribu-
tor activities, most techniques provide little support for describing
contributor constraints, attributes, and interactions.

2.3 Software Ecosystem Modeling
Three important points for using SECO modeling are: it is the most
significant way to understand SECO, regardless of the type to which
they refer (e.g., open, commercial, social); analysis is performed
most satisfactorily through modeling; and the prediction of how
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Figure 1: SSN notation [4] with extension of [5].

Figure 2: Generic SECO model in SSN notation [4].

the ecosystem is pending certain decisions, which are made more
efficiently with the support of modeling [15]. Based on the literature
and interviews, Jansen et al. [15] found that the modeling objectives
are common: (i) to provide information, for researchers an image
in a document is able to provide an overview of the SECO aspect,
facilitating the identification of actors with key roles, such as the
keystone and providing information about relationships; (ii) analyze
static ecosystems, with the real analysis of SECO it is possible
to identify key relationships, density of relationships, connection
within SECO and differences in the size of the importance of the
actors; and (iii) compare the ecosystem, through visualization it is
convenient to analyze thematurity, development of SECO dynamics,
and see how the forms, connectivity and objects in SECO models
differ. The following elements are observed in ecosystem models:
(i) organizations and their types, and the entity on which the model
revolves; (ii) relationships, which may be component dependencies,
business relationships and collaborations; and (iii) flows, which can
be the amount of code that passes from one project to another, the
value that passes from a software reseller to a platform provider,
knowledge flows and dependencies in a social network, however,
this entity ends up not getting much attention.

3 Related Work
The literature presents a limited number of approaches, methods,
notations and tools focused on the SECO context, as highlighted by
[20], who highlighted this gap through a systematic mapping of the
literature. Despite this, some tools and initiatives that seek to moti-
vate and facilitate SECO modeling were described in subsequent
works, offering specific contributions to the area.

Franco-Bedoya et al. [9] the authors performed a systematic
mapping to assess the state of the art in SECO, investigating how
knowledge about SECO is represented, including notations, tech-
niques and modeling tools. The results classified existing modeling
and analysis techniques, revealing that most adapt existing meth-
ods or use *ad hoc* models, without proposing new techniques or
guidelines. The most used notations include ad hoc, tabular and
conceptual maps, while some representations used class diagrams,
metamodels or mathematical models. Most works do not perform
analysis on SECO models, and those that do use mathematical,
visual or statistical techniques for specific cases.

Ambrósio et al. [2] described ESECO (E-Science Software ECOsys-
tem), a platform to support collaboration between geographically
distributed researchers, supporting interoperability and data prove-
nance solutions. The work aims to enhance collaboration between
researchers throughout the lifecycle process of scientific experi-
mentation on a SECO scientific platform. The research used an
approach to support the scientific software ecosystem integration
with external scientific platforms. A common idea in ECOS Model-
ing is a collaboration between research, but in Ambrósio et al. [2],
there was no SECO modeling.

Coutinho and Bezerra [6] discussed the dynamic variability of
the SOLAR educational software ecosystem and software modeling.
As an example, aspects of the dynamic variability of the resource
model of the SOLAR VLE discussion forum functionality, one of the
most used services within SOLAR SECO, were discussed. As the
main conclusion of this work, it was identified that the use of the
contextual characteristics diagram allows the study of the dynamic
aspects of a system, even more supported by tools to support the
automatic collection of measurements.

Alencar et al. [1] presented the ARIEL tool, aiming to mitigate
the gap in support for SECO teaching in Software Engineering.
A user experience assessment was designed using the DECIDE
framework, with undergraduate and postgraduate students. As a
result, participants stated that the tool was easy to use and they
made few errors; the majority felt satisfied when using the tool,
and the level of mental effort to carry out the activities was low.
However, the tool does not have SECO modeling functionality,
it only uploads model images, requiring models to be generated
outside the environment, without standards and compatibility.

In this sense, there is a lack of tools that allow the creation of
SECO models in a standardized notation, in this case, the SSN is no
longer treated as a gap. Related work served as motivation to create
and improve the ECOS Modeling tool that meets SECO require-
ments for modeling and model sharing, inspiring functionalities for
knowledge sharing or collaboration. Table 1 presents a comparison
between related works and the proposed study, highlighting the
unique contributions of this work in relation to previous ones.
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Table 1: Comparison between related works and the proposed study

Work Objective SECO Model-
ing

Notations/Techniques
Used

SECO Analy-
sis

Unique Contribu-
tions of the Proposed
Study

Franco-Bedoya et al. [9] Systematic mapping of
techniques and tools for
SECO modeling.

Partial Ad hoc maps, tabular,
conceptual diagrams,
among others.

Limited anal-
ysis (specific
cases)

Integrated tool for
SECO modeling with
standards and sharing.

Ambrósio et al. [2] Support collaboration
in geographically dis-
tributed scientific soft-
ware ecosystems.

No No focus on notations;
support for interoper-
ability.

No Standardized modeling
and sharing in scientific
SECOs.

Coutinho and Bezerra [6] Study of dynamic vari-
ability in the SOLAR
educational software
ecosystem.

Yes, focused
on dynamic
variability

Contextual characteris-
tic diagram.

Yes Broad applicability in
SECOs with support for
different contexts.

Alencar et al. [1] Support SECO teaching
in Software Engineer-
ing through tools.

No Image uploads without
standards or compatibil-
ity.

No Integrated modeling
within the environment
with standardization
and compatibility.

Proposed Study Develop a tool for
SECO modeling with
standardized notations
and collaboration
functionalities.

Yes SSN notation, standard-
ized models.

Yes, integrated
with modeling

Modeling standards,
sharing, and collabora-
tion support.

4 ECOS Modeling
The ECOS Modeling tool in its version 4.01 is a significant evolution
of the ECOSModeling web tool. Now, it offers a robust environment
that allows you to perform SECO modeling using SSN notation,
maintain models collaboratively with a model repository functional-
ity, analyze SECO evolution, simulate SECO behaviors and manage
user registration functionalities and Login.

The tool was developed using Vue.js and mxGraph.js on the
front-end, and Java with the Spring ecosystem on the back-end. It
employs the PostgreSQL relational database management system
to manage the database and the MinIO file server to store the
models in the repository. The license for the tool is Apache Open
Source 2. The tool has a modern, simple and minimalist screen
design. Very intuitive and easy to use, in order to facilitate the
user’s understanding of its functionalities. In the following sections,
we will present the tool architecture and functionalities as well as
main characteristics.

4.1 Architecture
An overview of the tool architecture can be seen in Figure 3, which
has a client-server structure with the server on which ECOS Model-
ing is hosted, receiving requests for resources from its clients. The
development stack used to implement the application was Vue.JS +
Mxgraph.JS for the front-end and Java 11 with Spring ecosystem
for the back-end.

The architecture components are SECOAPI, Relational Database,
Spring, Vue.JS, MinIO, and Swagger, which communicate via the
http protocol. The components are described below: SECO API: is

1http://200.129.43.193:33380/
2https://www.apache.org/licenses/LICENSE-2.0

Figure 3: ECOS Modeling architecture.

the back-end structure of the application made available in Restfull
API format, which focuses on the main business rules, all secu-
rity and user access control and the interface between the client,
the database and the saved files; PostgreSQL: relational database,
where users, models and references to their respective files are

http://200.129.43.193:33380/
https://www .apache.org/licenses/LICENSE-2.0
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saved; MinIO: is a file server based on the S3 protocol, where files
relating to models are saved; and ECOModeling webapp: is what
makes up the modeling system and the repository for models.

4.2 Features
In this section, the main features and functionalities available in the
ECOS Modeling tool are described. Figure 4 shows the tool home
screen with the top menu with features (editor, models, evolution,
registration, and login), a brief description of the tool, and some
of the most accessed models from the model repository. These
elements are designed to facilitate navigation and quick access to
the tool’s main functionalities.

Figure 4: Tool home screen.

Themodeling functionality is divided into six areas: (i) Sidemenu
on the left, where the components of the SSN notation are located;
(ii) Central area that allows modeling and editing of models; (iii)
Toolbar on the right that has model visualization, statistics and text
formatting functionalities; (iv) Top toolbar that contains features
for exporting and importing models, zooming, editing models (such
as copying, pasting, cutting, redoing and undoing); (v) Environment
internationalization functionality that allows changing the interface
language; and (vi) login if the user is not logged in or profile where
the user can access their registration data. The main areas have
functionalities that are described below in Figure 5.

Registration and login: These features allow new users to
register with the tool and existing users to log into their accounts.
Registration requires basic information such as name, email and
password, while login allows authenticated users to access and
manage their models.

Model Repository: The functionality allows users to store,
share and access SECO models centrally. This repository facilitates
collaboration between users, enabling the import and export of
models, in addition to maintaining a version history. With this,
users can reuse existing models, promote knowledge sharing and
ensure project continuity.

Evolution analysis: The functionality allows users to analyze
SECO changes and development over time through SSN models.
This tool provides metrics, visualizations and data on the evolution
of a SECO through models, identifying trends, patterns and possible
improvements. With evolution analysis, users can evaluate the
impact of modifications, make informed decisions and ensure the
quality and efficiency of the models developed.

Internationalization: Enables the internationalization of the
tool. The functionality allows the translation of the tool in three
languages: Portuguese, English and Spanish.

Modeling: Functionality that allows the user to manipulate the
components of the SSN notation, from the left side menu to the
modeling area, allowing the creation of the SECO model. It also
has infinite drawing area functionality, allowing the creation of
large-scale models.

Export model: It allows the export of the model created in some
extensions, both as an image (PNG) as well as in JSON and XML
formats. This functionality allows the user to later use the model
created in the tool.

Import model: It allows the import of the model in XML format
in the tool for maintenance and subsequent evolution, such as the
addition of new components and relationships to SECO.

Manipulate model: Series of functionalities that help in the
creation of the model, its structuring and subsequent maintenance
and evolution. The manipulation functionalities are: zoom in and
out, standard zoom, delete component, cut, copy, paste, redo, undo,
select all and deselect, print, component forward, backward, bold,
italic and underline.

Properties: The functionality displays the XML properties of the
model created at the time of modeling to the user. This functionality
allows to view the properties of the model.

Statistics: The functionality generates a statistical report of the
model, on the SECO components and relationships. The function-
ality allows data extraction for future quantitative analysis of the
model, evolution, versions and maintenance.

Figure 6 presents the repository of SECO models generated in
the tool and shared by users. This centralized repository allows
users to store, access and collaborate on various SECO models.
A template details functionality is highlighted, allowing users to
view information such as the title, description, creation date, and
last edited date for each template. This functionality facilitates
the management and organization of models, promoting better
understanding and traceability of changes made over time.

In the evolution analysis functionality, the user selects two or
more SSN models of an SECO in the model list and clicks on "gen-
erate evolution report". A tab opens with the selected SECO report,
containing graphs, tables, metrics, percentage data, averages and
absolute data. The comparison between SECO versions includes
graphs with numerical and percentage comparisons, total compo-
nents and relationships, numerical and percentage variation be-
tween the first and last version, as well as a general table with
numerical, percentage and average differences. Figure 7 illustrates
the SSNmodels selection page for evolution analysis, the mentioned
graphs and the comparison table with quantitative metrics results.

Figure 8 presents an example of SECO modeling using the ECOS
Modeling 2.0 tool. It consists of a simple example, illustrative only,
focused on the presentation and use of the tool. The model only
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Figure 5: Modeling screen.

Figure 6: Model repository screen.

presents the use of SSN components in the modeling area. The
model at the time of creation/editing in the tool is fully responsive,
and has a high image quality.

Another example is the static reporting functionality of the
model, shown in Figure 9. The functionality provides a numerical
overview of SECO, in relation to its actors, roles and relationships.
The generated report is presented to users both on screen and can
also be exported in PDF format. The report generated on the model

Figure 7: Evolution analysis screen.

shows the number of elements present in the SECO, how many
companies of interest, how many customers, how many suppliers,
how many intermediaries, how mnany aggregators, the total of
relationships and the total of SSN components in the SECO. This
report is important for future studies related to the health, quality
and evolution of SECO, such as how much the model has evolved
in terms of quantity of elements over a given period of time. This
feature is the beginning of a series of statistical features about the
model that will later be implemented in the tool.
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Figure 8: Modeling example in ECOS Modeling.

In the example of Figures 8 and 9 we have 1 company of interest,
5 customers, 6 suppliers, 1 intermediaries, 1 aggregator, 1 customer’
customer, 13 relationships and a total of 15 actors in this SECO.

Figure 9: SECO model statistical report.

Another example is illustrated in Figure 10, of the export func-
tionality, which is to save the created model and import, which is to
open the model in the tool for editing and maintenance. These are
features that allow exporting the model in some extensions (XML,
SVG, PNG and JSON) and importing the model into the tool itself
in XML format. Import functionality is important for maintaining
the model over time, reusing the old model, rather than recreat-
ing it from scratch, just making small edits, adding or removing
components and relationships to the model.

5 Tool Evaluation
First, the tool evaluation was done by a specialist, who followed
a pre-defined script to guide the use of ECOS Modeling resources.
Then, a questionnaire based on the Technology Acceptance Model
(TAM) with closed questions and open-ended questions in free text
for comments, strengths and weaknesses, was completed by 49
experts to report their impressions.

5.1 Evaluation Scenarios
The scenarios consists of using the tool to create a SECO model,
saving the model in the repository and analyzing the evolution
of a SECO, according to an action script, to guide the evaluator
in testing the available functionalities. The script has a guiding

Figure 10: Import and export features.

nature and does not interfere with the expert’s actions during the
evaluation.

5.1.1 Script: The tool usage script is divided into two sections.
The first helps the evaluator to register, log in and create a SECO
model belonging to any domain, testing the functionalities of:
changing language, dragging, dropping, connecting, renaming SSN
components testing the functionalities of copying, pasting, cutting,
deleting the component, undo and redo, zoom in, zoom out, de-
fault zoom, select all objects, deselect, group and ungroup, move
picture backward or forward, change picture label style, bold, italic
or underlined text, export the model in PNG, SVG, XML and JSON
formats, import the model into the tool in XML format, view the
properties, model statistics and save the model in the repository.
The second section refers to the test with SECO evolution analysis,
the evaluators can choose two or more UM SECO models in differ-
ent versions already existing in the tool, generate the evaluation
report, observing the results shown by the tool, both in graphs,
tables and metrics.

5.1.2 Questionnaire: Table 2 presents the evaluation questions,
divided into two groups: technical and opinion questions. Opinion
questions were divided into “yes or no” and on a five-level scale, for
example “Not at all pleasant”, “Not pleasant”, “Neutral”, “Pleasant”
and “Very pleasant”. The opinion questions were free text.

5.2 Results
Based on the results, experts could obtain some impressions about
the tool, allowing a robust validation of the tool. In terms of techni-
cal issues, experts considered the tool pleasant, very useful, highly
suitable and with several other interesting features, shown in Figure



SBSI’25, May 19 – 23, 2024, Recife, PE Pinheiro et al.

Table 2: Technical (T) and opinion (O) questions.

ID Description
T1 How frequently do you use systems modeling tools?
T2 Have you ever performed systems modeling in a tool that saves the

model in a repository?
T3 In the ECOS Modeling tool I always know where I am and how to get

where I want
T4 The navigation features of the ECOS Modeling tool are all clear and

easy to find
T5 The tool has an attractive/pleasant look/interface
T6 The tool is useful for the user
T7 The tool meets the requirements it proposes
T8 The tool makes it easy to find the information and features I want
T9 My level of mental effort in using the tool was
O1 Strong points
O2 Weak points
O3 Improvement suggestions

11. Practically all evaluations are at the most positive values on the
scale. Frequency of use of systems modeling tools: 55% of ex-
perts used modeling tools frequently or very frequently.Modeling
with a repository: 63% of experts performed modeling in a tool
that saves the model in a repository. Orientation and navigation:
49% of experts always knew where they were and how to get to
what they wanted in the tool.Clarity and ease of navigation: 55%
of experts considered that the tool’s navigation features were clear
and easy to find. Appearance and interface: 55% of experts found
the tool visually attractive and pleasant. Usefulness: 73% of ex-
perts found the tool very useful. Compliance with requirements:
71% of experts considered that the tool fully meets the proposed
requirements. Ease of finding information and features: 69% of
experts found it easy to find the desired information and features.
Mental effort: 45% of experts reported that the level of mental
effort when using the tool was low.

Regarding the strengths, it is worth highlighting the following
comments: “The tool offers a simple and practical way of adopting the
SSN notation for SECO modeling, being easy to learn and contributing
to its use in initial disciplines of modeling courses in the software
ecosystem”, ”The tool is very consistent and well presented. It has
interesting and robust features. Regarding the study approach, it
is well implemented and well presentable, easy to understand and
intuitive. I really liked the graphs and tables presented”.

Regarding weaknesses, experts pointed out some technical de-
fects, but these did not impact the modeling. Finally, as suggestions
for improvement, many of them were related to the look of the tool,
usability and connection of elements, which could be better refined,
but a comment can be highlighted about a good suggestion for im-
provement: ”To facilitate first interaction with the user, onboarding
could be added. Further helping early users to use the tool”.

5.3 Discussions
The experts’ assessment provided valid feedback from someone
who knows the field of SECO, has worked with SECOmodeling and
SSN notation, and has known SECO for at least 2 to 7 years. Through
the use of the tool, some improvements were identified, both from a
technical and usability point of view. However, the SECO modeling
activities themselves, model repository and evolution analysis could
be carried out without problems.

Although the tool received a good opinion from experts, this
latest version has not yet been applied in the classroom, which is
one of the main ideas of the research: promoting the dissemination
of SECO through modeling. The possibility of generating different
searches increases as the tool is used more. This also increases the
dissemination of SECO and collaboration with research in the area,
making the tool a central point for studies.

One aspect that the tool intends to explore is investment in the
quality and health of SECO. Once these items are met, it is believed
that it will be possible to research the simulation and evolution
of SECO models, which may include an element of quality and
software maintenance in a more global way, which is the vision
that a SECO enables. Finally, it is understood that the tool’s target
audience extends beyond SECO researchers, interested in having
a global view of relationships between suppliers and customers
from a central platform, and what happens between them. From
an educational point of view, teachers and students of Software
Engineering, Systems Analysis and Design and Software Quality
can benefit from the tool during classes with laboratory practices.

5.4 Research Limitations
The limitations identified in the work and in the evaluation of the
tool highlight aspects that may influence its adoption and applica-
bility. First, the tool presents a limited focus on the user experience.
Although these are aesthetic and interaction issues, they directly
impact acceptance and ease of use, especially for new users. The
absence of an onboarding process aggravates this scenario, as it
makes the learning curve more difficult and may discourage use by
those who are not familiar with the tool. In addition, its applica-
tion has not yet been validated in different scenarios, such as the
educational environment or with more diverse audiences, such as
students, which limits the generalization of the results obtained.

Another relevant point is the incomplete exploration of advanced
functionalities, such as simulation and SECO model evolution anal-
ysis. These features are promising for improving the quality and
health of software ecosystems, but they have not yet been suffi-
ciently developed or evaluated. In addition, the lack of quantitative
analysis of technical performance, including aspects such as re-
sponse time and scalability, raises questions about its applicability
in higher-demand environments. These limitations point to oppor-
tunities for future improvements, both in the user experience and
in the technical and pedagogical capabilities of the tool.

6 Relationship to Information Systems
Integrating areas in the software ecosystem is essential to align
different disciplines and knowledge, allowing for a more collabora-
tive and efficient approach to developing solutions. The tool allows
integrating different areas of the software ecosystem, providing
support for modeling that covers both technical and organizational
aspects. This integration facilitates collaboration between engineer-
ing, business and data analysis teams, promoting a unified view of
the ecosystem and allowing strategic decisions to be made based
on consistent and accessible information.

Communication between systems is a central element in software
ecosystems, ensuring interoperability and efficient and secure data
sharing. The tool contributes to communication between systems
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Figure 11: Graphs with evaluation results.

by providing a centralized environment for data modeling and
analysis. It allows identifying and documenting integration points
between systems within the ecosystem, facilitating interoperability
and information exchange. This ensures that connected systems in
the ecosystem can operate in a coordinated and efficient manner.

SECOs are comprised of a variety of roles, including develop-
ers, customers, suppliers, and administrators. Understanding and
managing these relationships is crucial to the success of the plat-
form, as each role brings unique perspectives and demands. The
tool models and visualizes the relationships between the various
roles in the ecosystem, such as developers, suppliers, customers,
and administrators. This helps map interactions and responsibili-
ties, promoting a better understanding of internal dynamics and
enabling the alignment of interests between the involved parties.

The tool provides a global view of the ecosystem by allowing
users to visualize and analyze the interaction between people, sys-
tems, and technologies. This makes it possible to identify dependen-
cies and optimize processes, creating a more cohesive environment
that is prepared to deal with changes and challenges. This holistic
approach makes it easier to identify interdependencies, solve prob-
lems, and optimize processes, promoting a balanced and sustainable
ecosystem in the long term.

The evolution of the core platform is a key aspect of the ecosys-
tem’s survival and growth. It involves adapting to new market
demands, incorporating emerging technologies, and continually

improving the user experience. A well-managed core platform can
serve as a catalyst for innovation and ecosystem expansion. The
tool supports the evolution of the core platform by providing capa-
bilities to track the evolution of models and the impacts of changes
in the ecosystem. It allows for tracking changes, forecasting scenar-
ios, and planning improvements, helping the core platform adapt
to new demands and technologies in a strategic way.

Throughout its life cycle, a software platform generates a series
of financial impacts that must be carefully monitored and managed.
These impacts include development andmaintenance costs, revenue
generation, and return on investment. With the tool, it is possible
to model and monitor the costs and benefits related to the mainte-
nance and evolution of the ecosystem. This includes the analysis
of required resources, ROI (Return on Investment) estimates, and
identification of areas that can be financially optimized, providing
support for more informed and strategic decisions. Understanding
these factors helps to make strategic decisions to maximize the
economic value of the ecosystem.

The concept of ecosystems of ecosystems is explored by enabling
the modeling of interactions not only within an ecosystem, but also
between different ecosystems. This helps to identify synergies, de-
pendencies and opportunities for collaboration between multiple
ecosystems, expanding the scope of analysis and the impact of
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the solutions developed. This interconnection creates complex net-
works of collaboration and dependency, allowing ecosystems to
share resources, knowledge and innovation.

The tool plays an important role in the Information Systems
area by facilitating the modeling and management of software
ecosystems. It helps organize information, promote interoperabil-
ity between systems and improve collaboration between different
stakeholders. In doing so, it provides a solid basis for the analy-
sis and evolution of platforms, enabling more informed decision-
making and contributing to efficiency and innovation in complex
contexts.

7 Conclusion and Future Work
This work presented the ECOS Modeling tool, designed to enable
SECO modeling using the SSN notation, provide a repository for
SECO models, and facilitate the analysis of SECO evolution. These
features aim to support its application in Software Engineering
or related disciplines, allowing for both study and practice in the
SECO domain. The tool assists in critical activities of the software
development process, such as specification, design, and evolution,
offering a comprehensive view of systems and their associated
actors.

The evaluation of the tool highlighted its strengths, with experts
praising its usefulness, compliance with requirements, and ease of
finding information and features. The tool’s usability and visual
design were well-received, with most ratings reaching positive val-
ues on the evaluation scale. Notably, 73% of experts found the tool
very useful, 71% considered it fully compliant with the proposed
requirements, and 69% highlighted its ease of finding desired in-
formation. However, areas for improvement were identified, such
as usability refinements, onboarding features for new users, and a
more polished visual design. These insights emphasize the potential
for enhancing the tool to better meet user needs.

The ECOS Modeling tool contributes significantly to the SECO
community and Software Engineering by enabling the creation
and maintenance of standardized models, fostering collaboration
among researchers and professionals, and advancing knowledge in
software ecosystems. Its functionalities, such as model evolution
analysis and repository management, position the tool as a valuable
resource for both practical and educational purposes.

As future work, we aim to expand the tool with features focused
on assessing SECO quality and health and implement metrics for
SECO simulation. Additionally, we plan to conduct further studies
on the tool’s usability and its impact on SECO learning in classroom
settings, strengthening its relevance and applicability in academic
and professional environments.
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