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Abstract

As Artificial Intelligence (AI) becomes increasingly widespread in numerous domains of everyday life, humans
must maintain their agency, valuing their expertise and judgment and preserving their privacy and safety. The
research presented in this article aims at laying the groundwork for a standardized approach for creating systems,
that allow a symbiotic relationship between the human and the machine. Specifically, we present a framework,
called FRAMework to creatE SAI (FrameSAI), which guides practitioners in developing high-quality SAI systems
while complying with law. It is composed of three layers (i.e., Principles, Guidelines, and Success Criteria), which
become increasingly operational indications as one moves from one level to the next. A preliminary version of
FrameSAlI is presented, illustrating a first set of guidelines and success criteria mapped to the four levels of risks
of the AI Act, the European Union (EU)’s regulation for the design, development, and deployment of Al systems.
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1. Introduction

The rapid advancement of Al is influencing the way humans carry out activities in many contexts,
becoming more and more pervasive. Thus, it is important to allow humans to properly communicate
with it through appropriate interaction mechanisms. For this reason, shifting the focus to creating
Human-Centered Artificial Intelligence (HCAI) systems becomes necessary to align with users’ needs,
preferences, and expertise [1]. As the strong and close relationship between humans and Al raises crucial
challenges to address, a novel branch of HCAI is emerging: Symbiotic Artificial Intelligence. Symbiotic
Artificial Intelligence (SAI) is encompasses all the Al systems that support rather than replace humans,
fostering a bidirectional relationship that lays the groundwork for mutual and continuous exchange to
improve both parties over time [2, 3]. To design high-quality SAI systems, a human-centered approach
must be undertaken, following the Human-Centered Design (HCD) and considering users during the
whole creation process [4].

To foster human-AI symbiosis, users must be enabled to understand the system’s decisions by
comprehending the processes and motivations that lie behind them. Despite being a complex task
to fulfill, this aspect is crucial in establishing a trustworthy relationship [5], in which an Al system
deserves human trust [1]. In this new and ever-evolving scenario, designers and developers must create
Al systems that allow humans to make informed decisions, solving problems to the best of their abilities,
being supported by them. Ensuring that humans fully understand system’s output plays a particularly
important role because it can influence individuals’ behaviors and decisions that can consequently have
a huge impact on their or others’ lives and/or environment. New frontiers are opening with respect the
human-centeredness of Al systems, being considered also by legal and governmental bodies, who are
underlining how humans must be safeguarded in all of their dimensions, preserving the well-being
of individuals, the society they live in and their environment. The EU’s Al Act represents a huge leap
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forward in this direction, providing the foundations to build human-centric Al-based systems. It adopts
a risk-based approach classifying Al systems according to their level of risk: (i) high, (ii) limited, (iii)
low, and (iv) minimal risk [6].

As the requirements and standards evolve, designers and developers must adapt to them. Thus,
the objective of the research presented in this article is to propose a three-layer framework, called
FRAMework to creatE Symbiotic Artificial Intelligence that undertakes a top-down approach to guide
practitioners in the creation of SAI systems that comply with the current regulations. The three-layer
structure of the framework proposes indications in term of principles, guidelines, and success criteria
that become increasingly operational indications as one moves from one level to the next.

The article is structured as follows: Section 2 reports the main challenges of SAI presenting its main
characteristics with respect to the multi-disciplinary and risk-based approaches; Section 3 presents
FRAMework to creatE Symbiotic Artificial Intelligence (FrameSAI); Section 4 draws the conclusions
and explores the future work of this research.

2. Background

Traditionally, the development of systems, products, or services was predominantly system-centric
[7, 1], a mindset that has also reflected in the process of building Al systems, focusing on functionalities
and high-performing models [8]. However,there is a growing need to shift from a mere automation to a
more appropriate augmentation [9], where both Al and humans learn from each other to improve their
capabilities and collaborating effectively. It is therefore a necessity to create systems that put humans
in control and that enable them to communicate with them appropriately. Preserving human rights
and complying with the law (i.e. Al Act) can foster trust in Al performance and suggestions [2]. In
order to meet these requirements and to match these objectives, two approaches are being undertaken:
multi-disciplinary and risk-based, each described in the following sections and merged in FrameSAL

2.1. Multidisciplinary Approach

Since the interaction between humans and Al systems is particularly complex and multifaceted, to create
high-quality SAI systems a multidisciplinary approach must be adopted, encompassing the following
main research areas: Human-Computer Interaction (HCI), Law & Ethics, Software Engineering (SE),
and AI [10]; each of these disciplines contributes equally, but in different ways, to the creation of these
systems. They are intrinsically intertwined because HCI, which can be considered the bridge between
the technical side of Computer Science and the human studies of psychology [11], serves to create
interactive solutions that are intuitive, accessible, and usable. Developing usable Al systems is key to
establishing a symbiotic relationship because they must allow users to reach their goals by providing
them useful feedback while being affordable fostering a fruitful interaction process [12]. Beyond
usability, as mentioned earlier, legal and ethical considerations are crucial to ensure the creation of
systems that safeguard humans regardless from system functioning [13]. Thus, they must be integrated
into the processes of the Agile development, following the best practices and methodologies that belong
to Software Engineering (SE). In the end, to ensure a fruitful symbiotic relationship, accurate and
appropriate Al models must be built, allowing humans to be supported in their activities [14].

2.2. Al Act Risk-based Approach

In the field HCAI, researchers face many challenges, such as providing users with low-level explainability,
data privacy, biased data and ethical issues that represent a huge risk to humans. For this reason, the
ethical challenges associated with Al must be addressed to reduce biases and discriminatory behaviors
as much as possible [15].

To fill this gap, the EU Al Act must be considered when creating Al systems that are legally compliant
while fostering a human-AI symbiosis. It is a regulatory framework enacted by the EU to govern the
usage of Al classifying systems in four levels of risk: Unacceptable Risk refers to Al systems that pose



risks to human rights and societal well-being, such as those employing manipulative techniques to distort
behavior, exploiting vulnerable individuals, or enabling discriminatory behaviors, and encompasses
prohibited applications that must be banned to safeguard humans; High Risk includes Al systems
integrated as safety components in products or subject to conformity assessments due to potential risks
to health, safety, or fundamental rights. It encompasses applications that can profile individuals through
automated analysis of personal data evaluating aspects of their lives, including job performance,
economic status, or health; Limited Risk encompasses Al systems that must comply with specific
transparency obligations to warn humans that they are interacting with AI to make them aware about
the fact that they are subject to emotional recognition or biometric categorization (e.g., biometric
recognition systems, emotion recognition systems); Low or Minimal Risk refers to systems that feature
Al without requiring law conformity checks since they do not require interaction with humans avoiding
an impact on their lives [6].

Considering these two approaches, a framework that encompasses principles, guidelines, and specific
success criteria is presented in the following section to guide designers and developers in the process of
creating Al systems that comply with regulations and human needs.

3. Structure and Contents of FrameSAl

This section explores the structure of FrameSAL illustrated in Figure 1, providing insights concerning
the motivations and the choices behind it. The elements of each component are still being developed
and refined, as they derive from Systematic Literature Reviews (SLRs) that are being carried out and
will be refined through the generalization of case studies’ results.
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Figure 1: The FrameSAIl framework structure mapped with the risk levels of the Al Act

The SLR that laid the groundwork for the definition of the framework had the objective of defining the
principles that can guide the creation of SAI systems, while promoting a symbiotic human-Alrelationship,
and adhering to the European AI Act [6]. This research provides the insights necessary to investigate
how the Al and Human Computer Interaction (HCI) communities are absorbing and adopting the
regulation while considering the symbiotic relationship between humans and Al, with respect to the
new standards it is setting for these systems. The principles are defined based on the results of this SLR,
but they can be refined on the basis of the results of ongoing work.

With the objective of provide support to designers and developers to create SAI systems by guid-
ing them with different levels abstraction, the FrameSAI consists of three main components: Princi-
ples, Guidelines, and Success Criteria. Undertaking a top-down approach and considering the human-
centeredness of SAI systems, the structure of the framework is reported in the following paragraphs.



Principles Currently, the principles are the core of the framework, representing the guiding pillars
that characterize the symbiosis between the human and Al They are: Automation Level, Transparency,
Fairness, and Protection. The principles dictate the main requirements for SAI systems, which must
guarantee an appropriate level of automation to humans, be properly transparent and explain the
motivations behind their outputs while exhibiting a fair and non-discriminatory behavior, protecting
humans privacy, safety, and security [16, 17, 18].

Guidelines This component encompasses a set of guidelines for each principle that provide the
foundations for SAL The guidelines are expressed in terms of what features the Al system must provide
and the behavior it is expected to exhibit in order to foster effective collaboration with humans. Some
guidelines reflect concepts that belong to more than one principle, thus overlapping and highlighting
the multidisciplinary nature of symbiosis. The guidelines integrated in the framework appear in the
following form: <Subject> must <obligation> <action> [<motivation>]. In addition, the guidelines
should be defined to provide an appropriate level of coercivity and maintain an high level of generality
to be applied to any domain [19]. Examples of guidelines related to the Automation Level principle are:

(GL 1.1) The human must be able to check, monitor, and supervise the Al system’s behavior, taking
into account how it functions and the decisions it makes.

(GL 1.2) The human must be enabled to assign proper meaning to the AI model’s outputs, processes,
and structure to eventually modify its behavior.

(GL 1.3) The human must be guided towards ethical behaviors when reconfiguring the AI model to
avoid harms to both parties.

Success Criteria Deriving from each guideline and respective principle(s), they consist of verifiable
instructions that make it possible to assess whether the guideline to which they refer is complied with.
The success criteria will be statements with a lower level of generality with respect to the guidelines,
detailing instructions depending on the technologies, contexts of use, and requirements based on the
Al system’s level of risk.

When it comes to Al systems, symbiosis cannot be a “black and white” concept. Thus, we identified
four categories of success criteria. In order to adhere with the current legal scenario concerning Al
systems, the compliance with the European Union’s Al Act will be considered by mapping the success
criteria to four levels of risk of the regulation: A (minimal risk), B (Limited risk), C (High risk), and D
(Unacceptable risk). An example of some success criteria for the guideline (GL 1.2) of the Automation
Level principle are:

(SC 1.2.1) The system shows human-understandable explanations representing the system’s underlying
functioning and reasoning depending on the type of data that the model processes (e.g.,
activation maps for images, shap for structured tabular data).

(SC 1.2.2) The system allows humans to input corrections and/or meaningful feedback that result in
verifiable changes in future interactions with respect to the behavior of the model (e.g., via
fine-tuning or rule updates).

(SC 1.2.3) The system allows humans to revise its behavior, modifying the decision (e.g., via rules,
weights, thresholds) through suitable User Interface (UI) elements (e.g. checkbox, buttons,
text fields, etc.).

These SCs must be verified in each high-risk system. At the same time, in case of minimal-risk, (SC
1.2.1) remains necessary for the establishment of symbiosis but can also be not considered as particularly
relevant from a legal point of view. Contrarily, in the case of a medical high-risk system, (SC 1.2.1) must
be verified since a suggestion can have a severe impact on health.



Ensuring that the characteristics, indicated by the success criteria, are included into Al systems aims
at increasing their trustworthiness, establishing interaction mechanisms that put humans in-the-loop
and avoiding them from blindly relying on technology [20, 21].

4. Conclusions and Future Works

Designing, developing, and deploying Al systems in this era of modern society brings multiple challenges
that practitioners must face. This article has proposed a framework, called FrameSAI, aiming at
systematizing the process of creating Al systems that support humans rather than replacing them.
The framework is structured in three layers: Principles, Guidelines, and Success Criteria. Although the
definition of the inner workings of the framework is still on-going, we present examples of guidelines
and success criteria that it includes, making considerations concerning their mapping with the risk
levels of the AI Act.

Future work of this research will focus on the refinement of the current set of guidelines and success
criteria through their application to real case studies. Currently, they are being applied to two contexts
of use in the medical field, but we intend to expand this investigation to other areas that bring diverse
challenges. In addition, an extensive study is being planned to evaluate the comprehensibility, relevancy,
and feasibility of the framework as a whole with designers and developers.
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