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Abstract

Artificial Intelligence (Al) is transforming humans’ activities through continuous collaboration. In a context
where Al is becoming pervasive, the focus is shifting toward the creation of Symbiotic AI (SAI) systems that
support humans rather than replace them allowing them to intervene on system’s behavior while providing
explanations. This contribution presents a set of Success Criteria (SC) that can be used to evaluate SAI systems by
assessing whether the requirements of symbiosis are met. This work also presents the protocol for the user study
to validate the SC in real-world contexts. To avoid potential issues that can affect the validity of the user study, a
pilot survey was performed involving 5 participants in which they were asked to assess the SC based on three
metrics (Comprehensibility, Relevance, and Feasibility) with respect to an Al-based system. According to the
preliminary results, the SC achieved positive ratings, but the protocol requires refinements since participants
often prioritized the usability of the system over the assessment of the SCs.
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1. Introduction

The spread of Artificial Intelligence (Al) is having a significant impact on individuals’ lives, reshaping
how they conduct activities and interact with technology. Since Al is being integrated in many contexts,
some of which involve taking decisions that affect people’s lives, there is a need for systems that
enable individuals to understand the reasoning underlying their functioning, allowing them to make
informed decisions [1, 2]. Thus, new interaction paradigms are emerging in which humans and Al have
a bi-directional collaborative relationship to reach shared objectives [3, 4]. This has brought Human
Computer Interaction (HCI) and Al to become deeply intertwined, contributing to the establishment
of the field of Human-Centered Artificial Intelligence (HCAI) focused on creating Al systems that
reflect human goals, needs and preferences. Within HCAIL Symbiotic Artificial Intelligence (SAI) is
also emerging, referring to Al systems that support rather than replace humans, enabling mutual and
continuous exchange that benefits both parties over time [5]. Due to the close relationship among AI
and humans, and the pervasive nature of current Al systems used to support decisions that affect people
in many different ways, SAI systems must comply with legal standards, ensuring the preservation
of fundamental rights and values, and the safeguarding of the environment surrounding them (e.g.,
physical, social, organizational and cultural context). In this regard, the European Union (EU) has
released the Artificial Intelligence Act (Al Act), which is a legal framework that regulates the design,
development, and use of Al systems in the EU to safeguard humans [6, 7]. However, legal compliance is
not enough; a human-centric perspective, in which humans are considered in all their dimensions rather
than as mere users is also required [6]. Al systems can be enhanced by enabling non-technical users,
who are experts in a particular application domain, to participate directly in Al-driven decision-making
processes. To this end, End-User Development (EUD) can provide a solution to these problems, allowing
people to create, customize, or adapt Al-based systems to their own needs and goals [8]. The interaction
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mechanisms in SAI are closely related to the Culture of Participation (CoP) as they allow users to
be directly involved in the creation of these systems [9, 10]. The first step toward supporting this
adaptation is to identify the criteria that determine a SAI system’s success in its interaction with humans
which, in this paper, are called Success Criteria (SC).

Building on already established AI-Act-based principles for SAI defined in the previous work [11],
this research presents practical indications, called Success Criteria (SC), to support HCI and Al experts
in building SAI systems. In particular, the objective of SC is to support practitioners during the system
evaluation by providing verifiable conditions that ensure the requirements of SAI systems. In addition
to the set of SC, this contribution introduces a study protocol for evaluating their effectiveness in real-
world scenarios and reports preliminary results from a pilot study carried out to verify the feasibility and
validity the protocol. The study focuses on a restricted set of SC because the primary aim is to examine
human-Al interaction processes, leaving aside those that concern more architectural or technical issues,
which will be evaluated in a separate study.

This manuscript is structured as follows: Section 2 provides the motivations behind this research,
defining previous research it is based on and outlining the objectives; Section 3 reports the methodology
of the study, illustrating the focus, materials, and procedure; Section 4 explores the results of the study
and presents the main findings; Section 5 draws the conclusions on this work and presents the future
directions.

2. Background and Motivations

The motivation behind this work lies in the need to define a standardized approach to create SAI
systems, specifically concerning their evaluation, to ensure that the foundational characteristics of
human-Al symbiosis are considered. Building upon the work by Calvano et al., which defines four
high-level principles that characterize SAI, we have created more pragmatic and concrete solutions for
their evaluation. The four principles are Automation Level, Fairness, Protection, and Transparency [11].
They dictate the main requirements for SAI systems, which must guarantee an appropriate level of
automation allowing humans to intervene and supervise the system’s functioning while being properly
transparent and explain the motivations behind their outputs [12, 13]. In this context, a fair and non-
discriminatory behavior, protecting humans’ privacy, safety, and security should be exhibited [14, 15].
In this perspective, EUD paradigms can play a relevant role, empowering humans to actively shape and
tailor the Al behavior to their specific needs shifting the human role from passive supervision to active
collaborator [8]. Deriving from the principles, lower-level statements were defined (called guidelines)
summarizing their content, as a way to provide a top-down approach to group the SC by topic. The
guidelines, which are not the main focus of this study, were decomposed into atomic statements that
can be considered the foundation to define the SC providing further details on the characteristics of
the elements referenced in the guidelines. Each guideline can be characterized by more than one SC to
cover and detail each aspect they refer to. The SC consist of verifiable instructions that make it possible
to assess whether the guideline, and the corresponding principle(s), to which they refer is complied
with. They specify instructions for compliance, depending on Al technologies, contexts of use, and
requirements based on the Al system’s risk level. Figure 1 represents the connection among principles,
guidelines, and success criteria highlighting the focus of this study:.

The SC are formalized in the following way: <Subject> <obligation> [<condition>]. Subject refers
to Human, Al Model (algorithm), Al system (infrastructure where the model operates) or Al output;
Obligation refers to the requirement or characteristic to be satisfied; Condition (optional) adds another
level of detail defining the specific circumstance or property for which the SC is satisfied or not. It is
optional because while some obligations are self-explanatory, others require further details to clarify
the specific criteria for fulfillment.

In total, 16 SC and 5 guidelines are included in this study, which are presented in [16], each considering
specific components or aspects of SAI systems mainly focus on the human-Al interaction design, as
illustrated in Figure 1. An exemplary set containing three SC is reported below, grouping them by the
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Figure 1: Overview of the process for defining Success Criteria (focus of this study).

guideline they belong to (G1).

Success Criteria for G1  The human must be enabled to assign proper meaning to the AI model’s
outputs, whose presentation varies depending on task, processes, and structure to eventually modify its
behavior (Transparency, Automation Level). The SC deriving from it are:

« SC 1.1: The Al system shows the output with the clear explanation of its meaning and relevance
to the task being understandable to humans (i.e., comprehensible and well-written text and/or
images that clearly shows an artifact).

« SC 1.2: The Al system provides an explanation which must match the context of use, being consistent
with real-world scenarios.

« SC 1.3: The Al system provides an explanation which must be intended for the specified category of
users that the system is intended for.

To use the SC in real-world contexts as a useful aid for practitioners, their applicability and consistency
must be verified. Therefore, the next objective is to investigate whether the proposed SC can be employed
to evaluate SAI and, consequently, to assess whether they can be translated into concrete requirements
and functionalities of these systems. Considering the above mentioned motivations and objectives, the
following Research Question (RQ) was identified:

RQ: Are the Success Criteria effective when evaluating SAI systems?

In this regard, a user study will be conducted to validate and refine the SC investigating whether
the system allows user’s active participation to customize, intervene and change the behavior of the
system. Before performing the study, a pilot experience was carried out to refine the protocol. This
pilot study, described in the next sections, will help address potential issues that could compromise the
validity of the final user study and, in addition, provides preliminary insights into the quality of the SC.

3. Methodology

The methodology was tested in a pilot study, involving 3 researchers and 2 university students with
expertise in HCI and Al to address potential issues before the extensive study is conducted.
Although the target audience of the systems employed in the study is medical professionals, the
goal of this research is to investigate the effectiveness of the SC, which go beyond the specific case and
can be applicable to other domains by practitioners. The study protocol was approved by the ethical
committee of the University of Bari Aldo Moro with the following identifier: “CER19BFFDE8204”.

3.1. Materials

The study draws on various resources, which are described in the following paragraphs.



3.1.1. Identification of Set of Success Criteria to Evaluate

The focus is directed toward a limited set of 5 guidelines and their corresponding SC, with particular
emphasis on the human-Al interaction process. Accordingly, this work considers only those SC derived
from the interaction-focused guidelines being mappable to User Interfaces (Uls), which are reported
in the previous section (Section 2). These goals were used to formulate the following two criteria for
the selection of SC: (1) they must be mappable to a UL (2) they must explicitly mention a design or
evaluation method, technique, and/or approach. To provide participants with a broader understanding
of the study’s context and to ensure an informed evaluation, each guideline is accompanied by the
corresponding SC and an example UI that integrates its concepts and description.

3.1.2. Questionnaire

To evaluate the SC, a questionnaire was employed during the study. It contains questions concerning
participants’ expertise and employment, an introductory presentation on SAI, examples of applying
the SC to Al systems, and a set of questions to evaluate the considered SC. The SC are grouped by
the guideline to which they refer to, and the corresponding task. These are evaluated using three
metrics—defined ad hoc for this study—Comprehensibility, Relevance, and Feasibility, each rated on
a 5-point Likert scale. These metrics were previously defined in our previous work, but they were
modified accordingly to make them suitable for the SC [17]. Specifically:

(1) Comprehensibility. The SC is easy to understand and conveys its message clearly without ambi-
guities.

(2) Relevance. The SC has a significant impact on establishing a symbiotic relationship while not
undermining the system’s functionality.

(3) Feasibility. The SC can be applied to a system’s Uls and functionalities.

To gather further insights, for each set of SC, participants were also asked to provide comments on
any potential issues encountered as well as suggestions for improvement in a separate question for
each guideline.

3.1.3. Interactive Prototypes of Al-based Systems

The user study involves two systems in the medical field that are Al-based and were built following with
the objective of reaching human-AI symbiosis, fostering human control through no-code interventions
and ensuring that users can modify them according to their preferences. The first is a web application
that classifies cells to detect illness from a nasal cytological preparation, based on a digital image
acquired directly from a microscope. The second supports neuroscientists in the detection of brain
tumors. The system is powered by a multimodal model that classifies 2D grayscale MRI scans and
enables clinicians to review and correct diagnoses, thereby improving the model and ensuring that
humans are always kept in-the-loop, especially in high-risk scenarios. The two of them have different
purposes in the context of the study: the first is used in the introductory section of the questionnaire to
accompany guidelines and SC with a concrete example of Uls that reflects its content; the second, is
used for the actual assessment of the SC based on five tasks that participants were asked to complete.

3.1.4. Tasks

Since participants were not familiar with the system nor with the application domain, they needed to
be guided in exploring its functionalities and relevant Uls in order to recognize and evaluate the SC. A
total of 5 tasks were defined, each mapped to a single guideline and to the corresponding SC. When
participants successfully completed each task, they were asked to fill out the questionnaire mentioned
in Section 3.1.2.



(T1) Explore the explanation generated by the system with respect to the latest diagnosis.
(T2) Correct the diagnosis of the system by indicating that the brain is not ill.

(T3) Check the results of the last diagnosis.

(T4) Explore any diagnosis that had been previously modified and revert the results.

(T5) Select any diagnosis and check the system’s confidence level

3.2. Procedure

The sessions were divided into two main parts: Ice-Breakers and Success Criteria Evaluation. During
the Ice-Breakers, participants were welcomed and informed of the study’s objectives. To provide an
overall understanding of the study context, the introductory section of the questionnaire presented an
overview of SAI, including its principles, guidelines, and SC. Then, if necessary, participants could ask
questions to clarify any doubts or issues. Each participant was informed that the data collected in the
study cannot be traced back to their identity. Afterwards, the SC were presented, with examples on the
Uls belonging to the first system in order to let participants familiarize with a SAI system. After this
introduction, the Success Criteria Evaluation began, and participants were asked to evaluate them by
performing the five tasks on the second Al-based system. The choice to employ two different Al-based
systems was motivated by the need to minimise as much as possible biases in the evaluation of SC. For
each task, they evaluated the SC by indicating whether its indications were applied in the elements of
the UL assigning a score ranging from 1 to 5 to each metric. To guide participants during the whole
study, they were provided with a document that contains all the basic notions about SAI and metrics
definitions that they could consult whenever needed.

4. Preliminary Findings of the Pilot User Study

Considering the results gathered from the pilot study, an analysis of comments, inserted by participants
for each group of SC, revealed a possible trend that could led to the refinement of the protocol of
the extensive user study. Specifically, participants primarily focused their feedback on the system’s
interaction mechanisms and Uls rather than on the application, content and/or clarity of the specific
SC. For instance, several comments addressed aspects concerning the explanations provided by the
Al system and the utility of the confidence level of the generated output. While these insights could
be valuable for the overall development of the system, they provide limited information regarding
the refinement of the SC, representing a potential limitation for the extensive study. The tendency
of participants to focus on the prototype’s usability instead of SC, suggests the need to modify the
presentation of contents in the questionnaire along with improving the training of participants before
filling it.

Overall, the feedback from the pilot study was positive, with most criteria receiving high scores
(around mean = 4) across all metrics. The SC 5.2 (“The Al system is not provided with humans’ personal
data as input unless relevant for its foundational functioning”) received the best scores across the
three metrics (Comprehensibility mean = 4.2; Feasibility mean = 4; Relevance mean = 4.4). Instead, the
SC 5.6 (“The Al system embeds ethical guidelines into reconfiguration workflows (e.g., via checklists
or rule-based constraints”) received the lowest scores concerning Comprehensibility and Feasibility
(mean = 3). This could be due to its high level of abstraction and overlapping with the SC 5.5 (“The
Al model can be reconfigured whether an ethical compliance test — which verifies that the system
aligns with established ethical guidelines and relevant regulations (e.g. Al Act, GDPR) — is passed
before deployment”). This result could suggest a potential integration of the SC 5.6 with the SC 5.5
since they refer to strictly connected aspects. In addition, the SC 5.3 (“Humans provide consistent input
types with respect to the requirements of the Al system to avoid wrong outputs”) resulted to be the less
relevant (Relevance mean = 3) for participants; this was not an expected outcome since it is important



to ensure that users insert relevant information for the system’s purpose avoiding to provide personal
data which should not used to train the Al model, unless exceptional circumstances, to avoid biases and
any form of damage. A possible motivation behind this could be the fact that participants were not
expert developers in the medical domain, thus underestimating the relevance of this indication.

In the end, being a pilot study these results are not representative; thus, the future extensive study
will allow to obtain a broader set of results and richer feedback. Specifically, a more representative
sample will be selected by involving individuals with an higher level of experience in HCI and Al In
addition, the protocol will involve an introductory session with more complete indications along with a
tutorial of how the activity must be carried out with the objective to show them the relevant aspects to
analyze. Another improvement that can be applied is adding reminders in the questionnaire to recall
the objectives of the study.

5. Conclusions

Creating SAI systems is an activity that requires detailed and pragmatic guidance to ensure that all the
important elements are implemented in the system, allowing humans to intervene on the Al system.
The symbiotic paradigm allows also non-technical users to be more in control of the system having
an active role in Al-aided decision-making leading. This contribution presents a set of SC, which are
practical indications that guide practitioners in creating Al systems that embody these concepts. To
evaluate their Comprehensibility, Feasibility, and Relevance, it is intended to conduct a user study
which represents a first step toward refining and validating them. To avoid potential issues during the
extensive user study, a pilot study was conducted involving researchers and students with expertise
in HCI and AL The preliminary results show that the three metrics attained high values for each SC.
Nevertheless, there is a significant limitation since participants focused more on Al system’s usability
rather than SC.

As future work, the protocol of the user study will be refined to overcome this limitation along
with SC, which will also be applied and validated in a real-context Al-based systems. It will be also
interesting to further explore similar solutions that can be employed to create Al systems, such as the
guidebook defined by Google !, to expand the current version of SC.
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