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Abstract. This paper presents a metamodeling approach to address the lack
of methodological support in canvas model development, focusing on planning
critical IoT systems. We introduce MM4Canvas - a metamodel that provides a
solid foundation for developing structured and standardized canvas models, al-
lowing for consistent reuse and extension across diverse project types. A proof of
concept was conducted by instantiating a general-purpose canvas model based
on MM4Canvas for project planning, aiming to establish a connection between
this activity and the Requirements Engineering process. We extended this model
to incorporate safety and security requirements for critical IoT systems. Our
contribution demonstrates the metamodel’s capacity to support standardization,
reuse, and extensibility in canvas-based project planning.

keyworks: Metamodel, Project, Planning, Agile, Canvas, Safety, Security,

IoT, Systems, Requirements

1. Introduction

The purpose of the project planning process is to create and coordinate effective plans that
outline project objectives, assumptions, constraints, and the scope [10]. Project planning
is not inherently part of the Requirements Engineering (RE) process but is closely inter-
twined [20]. Both necessitate determining and analyzing the project scope. Therefore,
we begin with the premise that it is beneficial to undertake these activities jointly at the
beginning of a project. The connection between planning and RE becomes particularly
apparent in agile software development contexts, where continuous project planning often
aligns with core RE practices [2].

Agile approaches discard long periods of preliminary analysis but recognize the
importance of defining project directions and understanding your requirements [3]. In
this context, a challenge often faced in practice is finding the balance between agility and
efficiency, focusing on artifacts that add value to the project [9, 19]. Project planning and
RE share this concern.
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Planning is a critical step for the success of a project [32], being the object of
interest of several studies and with different perspectives, ranging from the proposition of
models and tools [1] up to the level of stakeholder involvement [7]. However, many or-
ganizations face difficulties in incorporating project planning practices, making it a chal-
lenge, especially for those dealing with complex projects and needing to involve diverse
stakeholders [25].

Aiming to minimize these difficulties, improve communication and collaboration,
and make project planning more practical and understandable compared to traditional
approaches, Tezel et al. [28] highlight the growth of visual tools for different contexts
and domains of application. This movement originates in the Lean approach, which aims
to add value to the customer, improve processes, and promote efficiency and continuous
improvement [12].

Given the overlap between project planning and early RE activities, the goal
should not be to produce a highly detailed plan or a comprehensive requirements specifi-
cation, as these could quickly become outdated. Instead, the focus should be on creating
artifacts that guide the project in the right direction and serve as inputs for subsequent
stages. In this context, the canvas approach has proven effective in defining scope and cap-
turing essential project information, especially when collaboration among stakeholders is
key, enhancing the clarity, analysis, and communication of ideas visually and effectively.

Currently, the use of canvas is widespread, serving diverse needs and applications
in various fields. However, after conducting an ad-hoc study on the different types of
canvas, encompassing a series of primary studies, e.g. [3, 26, 27] and a systematic re-
view [29], we highlight the lack of methodological support regarding the construction of
these artifacts, which implies problems, such as (i) lack of standardization; (ii) incon-
sistencies between models within a same domain; (iii) poor understanding of the canvas
elements; (iv) difficulties in the reuse or extension of reference models; (v) misuse of
general-purpose models for specific application domains; and (vi) poor effectiveness of
the models due to one or more preceding cases.

In response to these challenges, this work presents a metamodeling approach for
canvas development and methodological support, called MM4Canvas. This metamodel
goal is to provide a solid foundation for modeling, analyzing, constructing, and main-
taining canvas models, promoting consistent standardization, reuse, and specialization in
different application domains. The metamodel enables the creation of canvas models for
multiple purposes, including projects (the focus of this study), business, and others. As a
proof of concept, MM4Canvas was applied to instantiate a reference project model canvas
that supports project planning and initial RE activities. Furthermore, we reuse and extend
this model to create a more specific canvas for planning and supporting the RE process of
critical IoT systems, addressing safety and security requirements (SSR).

The structure of this paper is organized as follows: Section 2 presents back-
ground on the use of canvas, reference models, and metamodeling approach; Section 3
discusses related works; Section 4 proposes and details the MM4Canvas metamodel; Sec-
tion 5 presents the proof of concept, with by instantiating of two canvas models from
MM4Canvas; Section 6 discusses the results and contributions; and Section 7 brings our
concluding remarks and future work.
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2. Background
In this section, we present the fundamental concepts underlying our proposal, starting
with an overview of the canvas approach and then discussing the use of metamodeling to
propose a canvas model.

2.1. The Canvas Approach and Reference Models
A canvas is an artifact for prototyping a mental and visual model applicable to analyz-
ing projects, businesses, or other purposes. As a strategic planning tool, its primary goal
is to address fundamental questions related to the object of analysis. Each fundamental
question encompasses components – elements that encapsulate and detail essential infor-
mation according to the type of canvas – forming an interconnected structure to describe
the intended subject. Canvas uses logic to build a visual map, helping to organize and
define ideas, and must be accessible, viewable, and collaboratively adjustable as required.

As presented, the canvas approach is becoming more prevalent across various pur-
poses and application domains. Analyzing this scenario, Osterwalder and Pigneur [22]
are pioneers in adopting a canvas to describe, through a simplified model, the logic of
creation, delivery, and value capture for a given business. The Business Model Canvas
(BMC) comprises nine key components (Table 1) and has wide acceptance in the busi-
ness planning area. It established the basis for various canvas types developed with the
same principles and has been widely adopted as a reference model.

Table 1. Fundamental questions and components: BMC and PMC.
Canvas Type

Questions
BMC (business-oriented) PMC (project-oriented)

Why – Justifications, Objectives, Benefits
What Value Propositions Product, Requirements
Who Customer Relationships, Customer

Segments, Channels
Stakeholders, Team

How Key Partners, Key Activities, Key
Resources

Assumptions, Delivery Groups,
Constraints

When – Timeline
How much Cost Structure, Revenue Streams Risks, Costs

Exploring a more comprehensible and efficient project planning model, Finoc-
chio [4] introduced the Project Model Canvas (PMC). While BMC focuses on conceiving
new businesses, the PMC offers a novel approach to agile and efficient project planning,
incorporating 13 key components tailored for this purpose (Table 1), grounded in project
management concepts, with a logical sequence for fill and validation. Furthermore, BMC
and PMC group components into fundamental questions presenting different perspectives
on the analysis object. These questions derive from the idea of an action plan (5W2H),
a set of questions used to compose strategic plans quickly and efficiently [13]. Table 1
compares BMC and PMC, showcasing the fundamental questions used by each canvas
type and the components integrated into each question.

Starting from the analysis of the structure of the BMC and the PMC, consolidated
canvas models for different purposes (businesses and projects, respectively), we can ob-
serve their constructions based on common elements. Both models have components that
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aim to support the extraction of specific information about the purpose of the analysis
performed and are organized into blocks structured clearly and concisely. These compo-
nents, in turn, in both models are grouped into fundamental issues. Similar behavior was
observed in several other canvas models, whether inspired by these two reference models
or not.

2.2. Metamodeling in Software Engineering
Metamodeling offers a formal and structured foundation for constructing and managing
artifacts throughout a project’s lifecycle in software engineering. It helps define rules,
patterns, and structures that guide the creation and organization of artifacts, bringing con-
sistency and quality to the process [6]. The metamodeling approach can help in the de-
velopment of artifacts in several ways:

• Definition of Common Structures: Metamodeling establishes a common vocab-
ulary and structure for artifacts, such as models, diagrams, requirements docu-
ments, and design specifications. With this, it is possible to create artifacts that
follow a specific standard, facilitating understanding and integration among dif-
ferent teams and stakeholders.

• Reusable Models: Through a metamodel, it is possible to create artifacts that can
be reused in different projects, saving time and effort in development.

• Domain-Specific Extension: In a metamodeling approach, it’s possible to cre-
ate domain-specific artifacts incorporating properties and requirements into the
metamodel-supported instances.

• Artifact Customization: Metamodeling allows artifacts to be adjusted and cus-
tomized according to the specific needs of the project or organization, promoting
greater adherence to business and technological requirements.

• Ease of Updating: Using a well-defined metamodel simplifies artifact mainte-
nance, as the artifacts are structured to adapt to changes and evolution in the sys-
tem or project.

By providing a high-level structure, metamodeling helps to control and standard-
ize the development and evolution of artifacts, promoting quality, consistency, and ease
of maintenance. After examining multiple canvas models, we identified essential and
common elements and an opportunity to introduce a metamodel-based canvas abstraction
(see Section 4) aiming to provide methodological support for instantiating, reusing, and
extending various types of canvas models to meet the specific needs of organizations and
project teams.

3. Related Work
We conducted a literature review to identify works utilizing the metamodeling approach
for planning activities, particularly those implementing canvas-based artifacts. The goal
was to investigate how the canvas approach could reduce the complexity of planning while
ensuring effective results.

The study of Meertens et al. [17] proposes an ontology-based metamodel, using
a detailed view of the BMC elements to represent a formal basis for business modeling.
The objective is to map the BMC into an open standard modeling language for specify-
ing architectural descriptions and their motivation, ranging from business objectives to
technological infrastructure.



30 : Cadernos do IME : Série Informática : Vol. 50, Dezembro 2024

Husen et al [8] proposes a metamodeling approach that integrates canvas-based
analysis with traditional analysis techniques for machine learning (ML). A metamodel
defines the relationships between the elements of the different models used in the devel-
opment of the proposal. This metamodel merges components with the same concept (e.g.,
“value proposition”) into a single component and addresses the safety requirement.

Also working on metamodeling in the business context, Gottschalk et al. [5] pro-
pose an approach that uses the functions of a domain expert, a method engineer, and a
business developer, together with a repository of method fragments to develop models
and another with artifacts to support development.

In summary, the literature presents a series of works that use metamodeling to
explore, in different ways, the business-oriented BMC-based approaches. When we ana-
lyzed the project-oriented vision, for example, using PMC, despite identifying a series of
works that adopt this canvas model, no metamodel proposal or other type of abstraction
supports its use for the terminal model’s instantiation.

Furthermore, the abstraction models found to refer to domain models (business,
ML, etc.), and even though they have an appropriate level of abstraction for these pur-
poses, they are specialized and do not allow the instantiation of canvas models for other
purposes and application domains, such as projects in general. In the meantime, we ob-
served the opportunity to propose a generic metamodel for a canvas that offers the neces-
sary methodological support and allows the instantiation, reuse, and extension of models
for any purpose, e.g., critical IoT systems projects, as presented in the proof of concept of
this work.

4. MM4Canvas: a Metamodel for Canvas
This section presents the methodological path and development details of metamodel
MM4Canvas.

4.1. Methodological path

We adopt Design Science Research (DSR) as the methodological approach due to its
problem-solving nature and the systematic creation of artifacts. In this research, we apply
the DSR-Model [23], which has three pillars:

• the problem in context, reasoned on the state of art: lack of methodological
support in canvas model development.

• behavioral conjectures, based on a theoretical framework: a metamodeling ap-
proach improves canvas development, establishes standardization, and supports
reuse and extension of models.

• the proposed artifact, based on the state of the practice, whose conception-driven
by conjectures and addresses the problem: a canvas metamodel.

From the DSR-Model application, we identified the opportunity to propose a
metamodel for canvas methodological support.

Analyzing different types of canvas on the state of practice [22, 4, 3], we iden-
tified the essential elements present in all canvas models (e.g., fundamental questions,
components, and posts) and the relationships between them (e.g., inheritance, compo-
sition, association). By modeling these elements and specifying their relationships, we
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propose in this article a metamodel that allows their instantiation in general-purpose or
application domain models to address different needs.

Another important characteristic for defining the metamodel was the canvas mod-
els categorization into (i) general-purpose canvas and (ii) application domain canvas.
General-purpose models encompass components generic enough to avoid restricting the
canvas to a single application domain. Still, designers create these models with a well-
defined orientation to meet your purposes, such as projects (PMC) or business (BMC).
Application domain models, such as MVP Canvas [3], IoT Canvas [26], and ML Project
Canvas [27], are either based on general-purpose models or extensions of them, developed
to cater to a particular application domain with specific characteristics.

The proposed metamodel, named MM4Canvas, adopts the MetaObjectFacility
(MOF) metamodeling architecture [21], where the elements of the lower layers are in-
stances of those in the immediately higher layers, as shown in Figure 1.

Figure 1. Integration between MOF and MM4Canvas.

The proposed metamodel (M2 layer) is an instance of the MOF (M3) and describes
the possible terminal models, which are the different types of model canvas (M1) that can
be instantiated. These canvas models are templates for canvas instances (M0) for projects,
businesses, or other purposes, instantiated from the model canvas (M1).

4.2. MM4Canvas: elements and definitions

A general canvas abstraction was established from a set of essential elements, which we
consider as pillars for the definition of MM4Canvas metamodel.

• Canvas (metaclass Canvas): represents the principal artifact that will be com-
posed of the other elements. Its attributes describe essential about the instantiated
model.

• Fundamental questions (metaclass FundamentalQuestion): these are high-level
questions inspired by the idea of an action plan (5W2H) that articulate essential
aspects of the project. They offer a perspective on the project by addressing key
questions such as “what” needs to be done, “who” will do it, etc.

• Components (metaclass Component): elements that indicate a essential informa-
tion or a specific need for a project, business, etc. Can be specialized in:

– General-purpose components (metaclass GeneralPurposeComponent):
in the case of a project-oriented canvas, for example, whose reference
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model we adopted is the PMC, the general-purpose components are based
on classic project management concepts (according to Table 1). These
components are grouped into fundamental questions according to the type
of information they describe about the project.

– Domain-specific components (metaclass DomainSpecificComponent):
these are components added as extensions to reference models (PMC or
BMC) or that modify general-purpose components to expand the descrip-
tion capacity of a canvas model for projects with specific needs or require-
ments. Must be associated with a given domain (metaclass Domain).

• Posts (metaclass Post): short sentences that detail each component, describing
essential information to a project, business, etc.

• Relationships (metaclass Relationship): components can be linked by relation-
ships, defining relevant associations according to the needs of a canvas model. Ev-
ery relationship between components (metaclass CompRelationship) starts “from”
one component and goes “to” at least one other.

Figure 2 presents the proposed canvas metamodel MM4Canvas. As it is based
on essential elements of canvas construction, and not on elements or relationships from a
specific domain, the MM4Canvas metamodel, M2 level, is a reference for the construction
of canvas models catering to different purposes (projects, business, etc.) and application
domains, instantiated at the M1 level. A model, at the M1 level, comprises a set of funda-
mental questions defined and instantiated based on each type of model canvas intended.
Each fundamental question consists of a components set, which can be general-purpose
or domain-specific and have relationships. Each instantiated component will detailed in
one or more posts, providing your descriptions at the M0 level.

Canvas

+ pitch: String
+ designedFor: String
+ designedBy: String
+ data: Date
+ version: String

FundamentalQuestion

+ label: String

Component

+ label: String
+ description: Post [1..*]

GeneralPurposeComponent DomainSpecificComponent

1..*

1..*

Post

+ description: String
+ author: String
+ version: String

1

isDescribedBy

1..*

Domain

+ label: String1

hasDomain

Relationship

+ label: String

relatedTo

relatedFrom0..*

0..*

1..*

1..*

CompRelationship

1

Figure 2. MM4Canvas: metamodel (M2) for creating canvas models.

5. Proof of Concept
To validate the proposed metamodel, we developed two models (M1) based on
MM4Canvas: i) an instance for the widely-used general-purpose Project Model Canvas
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(PMC), discussed in Section 2, and ii) a PMC-based extension tailored for critical IoT
systems projects with safety and security requirements (SSR), called SafeSecIoT Canvas.

The project domain was chosen for this proof of concept due to its initial motiva-
tion for using a canvas model to support project planning and early RE activities. Through
the studies aimed at proposing a canvas model, gaps were identified in the methodolog-
ical support for canvas construction, which was addressed with the introduction of the
MM4Canvas metamodel.

The specific application domain of critical IoT systems projects is motivated by
the development of studies aimed at aligning safety and security requirements [16, 24, 30,
31]. These systems depend on specific requirements analysis techniques that can benefit
from the initial gathering of information from the project through a canvas model properly
built for this domain.

To accomplish this, we work initially with the fundamental questions, compo-
nents, and relationships derived from the PMC methodology proposed by [4]. Then, we
reuse and extend the established PMC model by incorporating specific components to
meet the SSR domain needs [31].

5.1. Project Model Canvas (PMC): instantiating the metamodel
In the MM4Canvas-based PMC model (M1), presented in Figure 3, the fundamental ques-
tions and its components (general-purpose components, in this case) are instantiated by
the proposed metamodel and in the PMC methodology [4] (see Section 3). We also map
the existing relationships between these components, defining your connections. This
model will guide the process of answering the project’s fundamental questions and vali-
dating the information raised (M0).

The first part of the model comprises the “why” of the project, where the justifi-
cations (problems to be attacked and resolved), objectives, and benefits are intrinsically
related. Justifications should directly correlate with benefits, resolving identified issues.
Objectives must act as a bridge between the before/after scenario of the project, effectively
addressing described issues and guiding the project towards the envisioned benefits.

Having defined the “why” of the project, we move on to the “what” must be de-
scribed about him and a set of essential requirements. These requirements are motivated
by the problems presented in the justification and must refer directly to the product. Fur-
thermore, other canvas components can provide context and motivation for defining these
requirements, which can defined throughout the entire canvas completion process.

The components corresponding to the fundamental questions “who”, “how”, and
“when&how much” (addressed collectively in the PMC) are intricately interconnected,
as illustrated in Figure 3. Ensuring that the information collected by each component
aligns with the defined relationships is vital for validating the accuracy of an instance
of this canvas. Project stakeholders must act as the “owners” of the requirements and
provide assumptions for the project. The team is accountable for the delivery groups and
is associated with restrictions linked to these. Project risks originate from assumptions and
can threaten deliveries, requiring organization on a timeline and guiding project costs.

Utilizing the MM4Canvas metamodel to map fundamental issues, components,
and relationships inherent to the PMC methodology enhances the effectiveness of the re-
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sulting model canvas. Firstly, it can be employed as a visual tool for project planning
and gathering initial requirements by project teams and stakeholders. Moreover, it sup-
ports the validation of the artifact generated. Finally, as an instance of the MM4Canvas,
this PMC model can be reused and expanded for diverse project finalities within specific
application domains, as elaborated next.

5.2. SafeSecIoT Canvas model: reusing and extending the PMC model to support
critical IoT systems project planning

Organizations typically address non-functional requirements (NFR) reactively, consider-
ing them only after designing and implementing the system [18]. This practice has the
potential to generate problems and introduce defects that can significantly impact the
project, resulting in higher costs for their correction [11]. Thus, developing a safety and
security-dependent software system must address these concerns from the RE phase rather
than treating it solely as a late-stage aspect of the development process.

In this context, after verifying the potential of a PMC for project planning
and requirements elicitation (general-purpose canvas), we propose an extension of this
MM4Canvas-based model aiming to reduce the complexity of the process of analyzing
SSR for critical IoT systems from the inclusion of components to extract specific charac-
teristics of this domain (application domain canvas). The analysis method presented by
Veiga et al. [31] depends on surveying the scope of the system and specific characteristics
related to the analyzed critical IoT system and safety and security concerns. For this, we
instantiated an extension of the PMC called SafeSecIoT Canvas.

To build theSafeSecIoT Canvas, the general-purpose components of the PMC were
reused, and IoT and SSR domain-specific components were incorporated, to meet the
specific demands of these types of projects, extending and specifying the PMC scope. The
IoT domain-specific components defined for SafeSecIoT Canvas based on consolidated
studies:

• Components: refer to the hardware and software elements that comprise the sys-
tem. Hardware includes sensors, actuators, or any object (thing) with identifying,
sensing, or acting behaviors and processing capabilities that can communicate and
cooperate to achieve a goal. The software includes algorithms for controlling and
orchestrating IoT systems, user interfaces, and other components.

• Connectivity: is the way by which things can connect to materialize the IoT
paradigm. That is not limited to the internet covering other media, such as In-
tranet, Bluetooth, and others, that can connect components.

• Actions: these are relevant interactions performed by the IoT system according to
the application context, linked or not to the actuators, and can result in data.

• Data: any information from various sources and formats, often integrated into
databases to support applications.

Regarding safety and security concerns, the following building blocks were de-
fined:

• Assets: can be anything of value to the system that must be protected from acci-
dental or malicious loss, including people, resources, environment, or services.

• Losses: are significant damages or negative impacts associated with an asset, un-
acceptable to stakeholders, caused by an accident or attack.
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• Risks: are potential causes of accidents or attacks, of intentional or unintentional
origin, linked to the safety or security of an asset.

Figure 4 introduces the SafeSecIoT Canvas, which reuses the general-purpose
components of the PMC model and includes the IoT and SSR domain-specific compo-
nents.

Reinforced the stated, the purpose of a PMC is to offer guidance for the project
planning, streamlining the definition of essential information, the early RE stages, and fos-
tering necessary communication among stakeholders. In this way, the SafeSecIoT Canvas
model has all the characteristics of a PMC, allowing the planning of a project with spe-
cific characteristics and requirements in the application domain of critical IoT systems
with SSR.

5.3. SafeSecIoT Canvas artifact: instantiating the model

At the M0 level, a model is instantiated as an artifact that stakeholders will use for project
planning. In this study, the SafeSecIoT Canvas artifact represents the practical application
of this respective model (M1) for the project planning of a critical IoT system, focusing
on translating its abstract elements into real-world descriptions to the project context.

Each component of the SafeSecIoT Canvas model (M1) represents a building
block in the canvas artifact, which is used to outline the characteristics of the planned
IoT system. The building blocks of the artifact – such as objectives, benefits, actions,
assets, risks, and others – are applied within the context of a critical IoT system project.
Figure 5 presents a template for the SafeSecIoT Canvas artifact, showing how each com-
ponent should be instantiated and utilized in these project types.

In summary, the M0 instance (the artifact) should illustrate how the abstract ele-
ments of the canvas model (the components defined in M1) are applied in a real project.
This approach ensures that the metamodel (M2), through model M1, is effectively real-
ized in the real world (M0) clearly and measurably, specifically in planning a critical IoT
system.

6. Discussion
The MM4Canvas metamodel establishes a common language and standardized structure
for creating and representing canvas models, promoting consistency and interoperability
between models (standardization). It was built with a concise set of concepts and rela-
tionships, facilitating straightforward comprehension and utilization for terminal model
development, ensuring clarity in understanding metamodel instances (usability). The
MM4Canvas allows the instantiation of canvas for different purposes and application do-
mains (adaptability) while supporting the extension of general-purpose models to accom-
modate specific application domains (reusability and extensibility).

We demonstrate the use of the metamodel for instantiating terminal models of
canvas for projects, aiming the planning, scope definition, and requirements elicitation to
support later stages of the RE process. As proof of concept, we instantiate the PMC (refer-
ence model for the project planning) and reuse it as a basis for extending it in SafeSecIoT
Canvas model, enabling essential critical IoT systems project information to be agile-
defined, discussed collaboratively, and provide support for the definition of SSR.
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In the Section 5, we show that the model (M1) developed for the PMC, more-
over to validate MM4Canvas served as a reference model for the development of a new
domain-specific model (M1), the SafeSecIoT Canvas, and its matching artifact (M0). This
model extends the PMC (inheriting its general-purpose components and relationships) and
brings domain-specific components required to the IoT systems that address SSR. Like-
wise, MM4Canvas supports the instantiation from everyone else terminal models (M1)
previously mentioned in this article (BMC, MVP Canvas, IoT Canvas, ML Project Can-
vas, and others) and their possible extensions, making it a comprehensive metamodel for
canvas.

Furthermore, the SafeSecIoT Canvas integrates work in progress [30, 31] for align-
ing safety and security since the first step in a RE process, comprising the scope definition
and initial safety and security requirements elicitation. The goal is to support the align-
ment of safety and security requirements to avoid, from the initial design stages, system
losses caused by known or unintentionally generated hazards or introduced by threats
unknown or from intentional sources such as malicious individuals or organizations.

7. Final Remarks
This work presents a metamodel-based approach – named MM4Canvas – to support the
development of canvas models for different purposes. We define a strategy for abstracting
canvas models at a design level that allows describing the relationships between their
elements and that support their construction. Through metamodeling, we offer essential
methodological support to streamline the creation of canvas models for diverse needs and
application domains. This approach also ensures the instantiation of canvas models in a
more effective, standardized, and reusable way.

Threats to our study’s validity include: i) the lack of an empirical evaluation with
stakeholders of real projects; and ii) the PoC was conducted by the authors. Integrating
SafeSecIoT Canvas into critical IoT systems’ safety and security RE process is underway
[30, 31]. For this reason, we plan to evaluate the artifacts proposed here in two phases: (i)
in academia for possible adjustments and improvements in the methodology, materials,
and artifacts that compose it and (ii) with professionals in real projects.

As future work, we highlight i) the quality assessment of the MM4Canvas meta-
model, e.g., through the Metamodel Quality Requirements and Evaluation (MQuaRE)
framework [15, 14]; ii) the instantiation of other canvas models (M1) in addition to PMC
and SafeSecIoT Canvas, both for general purpose and specific application domains; and
iii) the use and evaluation of MM4Canvas and instantiated models in real projects.
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[11] Jarzębowicz, A., Weichbroth, P.: A Systematic Literature Review on Implementing Non-
functional Requirements in Agile Software Development: Issues and Facilitating
Practices. In: Lean and Agile Software Development. pp. 91–110. Springer Interna-
tional Publishing (2021). https://doi.org/https://doi.org/10.1007/978-3-030-67084-
9_6

[12] Kadarova, J., Demecko, M.: New Approaches in Lean Management. Procedia Economics
and Finance 39, 11–16 (2016). https://doi.org/10.1016/S2212-5671(16)30234-9

[13] Kerzner, H.: Strategic planning for project management using a project management ma-
turity model. John Wiley & Sons (2002)

[14] Kudo, T.N., Bulcão-Neto, R.d.F., Neto, V.V.G., Vincenzi, A.M.R.: Aligning requirements
and testing through metamodeling and patterns: design and evaluation. Require-
ments Engineering 28(1), 97–115 (Mar 2023). https://doi.org/10.1007/s00766-022-
00377-5

[15] Kudo, T.N., Bulcão Neto, R.F., Vincenzi, A.M.R.: Toward a Metamodel Quality Eval-
uation Framework: Requirements, Model, Measures, and Process. In: Proceed-
ings of the XXXIV Brazilian Symposium on Software Engineering. p. 102–107.
SBES ’20, Association for Computing Machinery, New York, NY, USA (2020).
https://doi.org/10.1145/3422392.3422461



38 : Cadernos do IME : Série Informática : Vol. 50, Dezembro 2024

[16] Lisova, E., et al.: Safety and Security Co-Analyses: A Systematic Lit-
erature Review. IEEE Systems Journal 13(3), 2189–2200 (2019).
https://doi.org/10.1109/JSYST.2018.2881017

[17] Meertens, L.O., et al.: Mapping the business model canvas to ArchiMate. In: Proceedings
of the 27th Annual ACM Symposium on Applied Computing. p. 1694–1701 (2012).
https://doi.org/10.1145/2245276.2232049

[18] Mellado, D., et al.: A systematic review of security requirements en-
gineering. Computer Standards & Interfaces 32(4), 153–165 (2010).
https://doi.org/10.1016/j.csi.2010.01.006

[19] Menezes, R.V., Sampaio, S., Marinho, M.: Engenharia de Requisitos Ágil: Extensão de
uma Revisão Sistemática da Literatura. In: Anais do WER 2021 - Workshop em
Engenharia de Requisitos (2021). https://doi.org/10.29327/1298728.24-21

[20] Nawrocki, J., et al.: Agile Requirements Engineering: A Research Perspective. In: SOF-
SEM: Theory and Practice of Computer Science. pp. 40–51. Springer International
Publishing (2014). https://doi.org/10.1007/978-3-319-04298-5_5

[21] OMG: Meta Object Facility (MOF) Specification, Version 1.4. OMG, Inc (2002)

[22] Osterwalder, A., Pigneur, Y.: Business Model Generation: a handbook for visionaries,
game changers, and challengers, vol. 1. John Wiley & Sons (2010)

[23] Pimentel, M., Filippo, D., dos Santos, T.M.: Design science research: pesquisa científica
atrelada ao design de artefatos. RE@ D-Revista de Educação a Distância e eLearning
3(1), 37–61 (2020). https://doi.org/10.34627/vol3iss1pp37-61

[24] Ribeiro, Q., Castro, J.: Safety & Security Alignment in Requirements Engineering Pro-
cess for Autonomous Vehicles. In: Anais do WER 2022 - Workshop em Engenharia
de Requisitos (2022). https://doi.org/10.29327/1298262.25-25

[25] Rosacker, K.M., Rosacker, R.E.: Information technology project management within
public sector organizations. Journal of Enterprise Information Management 23(5),
587–594 (2010). https://doi.org/10.1108/17410391011083047

[26] Silva, D.V., Souza, B.P., Gonçalves, T.G., Travassos, G.H.: A Requirements Engineer-
ing Technology for the IoT Software Systems. JSERD 9(1), 11:1 – 11:18 (2021).
https://doi.org/10.5753/jserd.2021.1892

[27] Takeuchi, H., Ito, Y., Yamamoto, S.: Method for Constructing Machine Learning Project
Canvas Based on Enterprise Architecture Modeling. Procedia Computer Science
207, 425–434 (2022). https://doi.org/10.1016/j.procs.2022.09.077

[28] Tezel, A., Koskela, L., Tzortzopoulos, P.: Visual management in production manage-
ment: a literature synthesis. Journal of Manufacturing Technology Management
27(6), 766–799 (Jan 2016). https://doi.org/10.1108/JMTM-08-2015-0071

[29] Thiée, L.W.: A systematic literature review of machine learning canvases. INFORMATIK
2021 (2021). https://doi.org/10.18420/informatik2021-101

[30] Veiga, E.F.: Uma Abordagem para Alinhamento de Requisitos de Segurança e Pro-
teção de Sistemas IoT Críticos. In: Anais do XXVI Congresso Ibero-Americano
em Engenharia de Software. pp. 277–284. SBC, Porto Alegre, RS, Brasil (2023).
https://doi.org/10.5753/cibse.2023.24712



39 : Cadernos do IME : Série Informática : Vol. 50, Dezembro 2024

[31] Veiga, E.F., Bulcão Neto, R.d.F.: Toward a Method for Safety and Security Re-
quirements Alignment in Critical IoT Systems. In: Proceedings of the XXXVII
Brazilian Symposium on Software Engineering. p. 452–457. SBES ’23 (2023).
https://doi.org/10.1145/3613372.3613373

[32] Zwikael, O., Pathak, R., Singh, G., Ahmed, S.: The moderating effect of risk on the rela-
tionship between planning and success. International Journal of Project Management
32(3), 435–441 (2014). https://doi.org/10.1016/j.ijproman.2013.07.002



40 : Cadernos do IME : Série Informática : Vol. 50, Dezembro 2024

W
hy

+ 
la

be
l: 

St
rin

g

Ju
st
ifi
ca
tio
ns

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

O
bj
ec
tiv
es

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

B
en
ef
its

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

W
ha
t

+ 
la

be
l: 

St
rin

g

Pr
od
uc
t

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

R
eq
ui
re
m
en
ts

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

W
ho

+ 
la

be
l: 

St
rin

g

St
ak
eh
ol
de
rs

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

Te
am

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

H
ow

+ 
la

be
l: 

St
rin

g

A
ss
um

pt
io
ns

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

D
el
iv
er
yG

ro
up
s

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

C
on
st
ra
in
ts

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

W
he
n&

H
ow

M
uc
h

+ 
la

be
l: 

St
rin

g

R
is
ks

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

Ti
m
el
in
e

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

C
os
ts

+ 
la

be
l: 

St
rin

g
+ 

de
sc

rip
tio

n:
 P

os
t

Pr
oj
ec
tM
od
el
C
an
va
s

+ 
pi

tc
h:

 S
tri

ng
+ 

de
si

gn
ed

Fo
r: 

St
rin

g
+ 

de
si

gn
ed

By
: S

tri
ng

+ 
da

te
: D

at
e

+ 
ve

rs
io

n:
 S

tri
ng

1

1
1

1
1

1

[1
..*

] m
ay

Im
pl

ie
s

[1
..*

] m
ot

iv
at

es

1

[1
..*

] m
us

tA
ch

ie
ve

[1
..1

] r
ef

er
sT

o

[1
..*

] o
w

ns

[1
..*

] i
sR

es
po

ns
ib

le
Fo

r

[1
..*

] m
us

tP
ro

vi
de

1
1

[1
..*

] i
sR

el
at

ed
To

11

11

[1
..*

] i
sR

el
at

ed
To

[1
..*

] g
en

er
at

es

1

[1
..*

] i
sO

rie
nt

ed
To

[1
..*

] c
an

Th
re

at
en

 [1
..*

] m
us

tR
es

ol
ve

[1
..*

] s
ho

ul
dB

eE
no

ug
hT

o

1
1

1 1

In
st

an
ce

 o
f C

an
va

s 
(M

2)
In

st
an

ce
s 

of
 G

en
er

al
Pu

rp
os

eC
om

po
ne

nt
 (M

2)

In
st

an
ce

s 
of

 F
un

da
m

en
ta

lQ
ue

st
io

n 
(M

2)
In

st
an

ce
s 

of
 C

om
pR

el
at

io
ns

hi
p 

(M
2)

Figure 3. Model PMC (M1): a canvas model for projects (of general purpose),
instantiated from the MM4Canvas metamodel (M2).
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Figure 4. Model SafeSecIoT Canvas (M1): a canvas model for critical IoT projects,
instantiated from the MM4Canvas metamodel (M2) with general-purpose compo-
nents (reused from PMC model) and IoT and SSR domain-specific components
(extending the PMC model).
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Figure 5. Artifact SafeSecIoT Canvas (M0): template for agile project planning.


