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Abstract. Artificial intelligence (Al) technologies, such as social robots, increasingly influence economic and
social life, with both opportunities and risks. The added value of such technologies depends enormously on how
they are designed. In this conceptual paper, we report on our research experience and call for developing Al
technologies including human values relevant to the particular stakeholder groups of such technologies as
suggested by value-sensitive design (VSD) — an established design approach. To facilitate the application of
VSD for designing Al technologies, we propose three basic research principles for VSD and call for more
research particularly covering the design of Al technologies, such as social robots and beyond.
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1 The importance to design Al technologies considering human values

Artificial Intelligence (Al) technologies are increasingly part of all areas of social and economic life (e.g., smart
home applications, self-driving cars). Al systems can mimic or even surpass human intelligence and decision-
making. They are able to learn independently, interact with their environment, and make decisions. Thus, with
increasing autonomy, Al becomes an independent actor in social and economic life. While Al bears innovation
potential with high societal benefits in various areas, Al also comes along with unforeseeable risks and
challenges for economy and society.

Social robots are a good example to demonstrate the benefits and challenges of Al. Social robots are physically
embodied robots designed to engage in social interactions with humans in a socially acceptable way [1]. They
engage with humans using various interaction modalities, for example, conversing with users in natural
language, recognizing user’s face and emotion and reacting accordingly. To enable such humanlike, natural
interactions, a wide range of Al technologies (e.g., spoken dialog system, face recognition, motion planning,
etc.) are employed and aligned with each other. Social robots are used for various contexts (e.g., in education
[2], healthcare [3—5], tourism [6—9]). Across the applications, numerous benefits are reported. Research reports
on several positive outcomes (e.g., improvement of social behaviors in children) involving social robots in
autism therapy [10] or diverse benefits from using social robots for mental health (e.g., improved mood and
loneliness reduction) . Despite these benefits, researchers also raise numerous concerns with regard to the
deployment of social robots. For example, researchers have identified several ethical and societal issues related
to the use of social robots for therapeutic applications in mental health services (e.g., loss of patient autonomy,
lack of guidance on development, emotional dependency on robots) and developed corresponding
recommendations [ 12]. In the same vein, findings from a series of transdisciplinary workshops involving social
robot experts indicate further concerns from ethical, social and legal aspects (e.g., replacement of human
interaction) [13].

As social robots and other Al technologies have the potential to influence human relationships [12, 14] and
shape social practices [15], we need to mitigate potential negative impacts connected to the use of Al. Thus,
we need to design Al with human values in mind that reflect what is important to the relevant user groups of
each Al technology in its particular use context [16]. Only by employing a value-sensitive approach to Al, the
use of Al is sustained in the society.

2 Value-sensitive design

Value-Sensitive Design (VSD) is an established approach that incorporates various user-centered design
methods and aims to design technologies in such a way that human values are reflected in the technology design



and its applications [17, 18]. Values are subconscious needs, that members of a group share (e.g., autonomy,
security, or collaboration) [19], and which guide their behavior (e.g., to use or avoid certain technologies) [20].
The advantage of VSD is that technology adapts to human needs and not the other way around. In other words,
humans shape the technology in a sustainable and proactive way and are not passively influenced or controlled
by the technology [21-23]. VSD is thus a proactive approach that translates human values into technological
requirements and thus influences the design of technologies early in the development process to incorporate
stakeholder-relevant requirements in a fundamental and timely manner [21]. Particularly, VSD consists of a
tripartite methodology of empirical, conceptual, and technical investigations. In the conceptual investigation,
stakeholders are identified. Moreover, human values from literature and those important to relevant stakeholder
groups are identified and conceptualized through analytic, theoretical and philosophical investigation. In the
empirical investigation, methods from social science research are used to examine how stakeholders experience
values in the particular sociotechnical context. Specially, competing values are prioritized and value conflicts
are solved. Design requirements are then formulated. In the technical investigation, one can employ
retrospective analyses to evaluate the compliance of an existing technology to the identified values in the
conceptual investigation, or design the technology according to the identified values in a proactive way [21,
24]. It is important to stress that the application of the tripartite methodology does not follow a specific order.
Researchers can start with any of the three types of investigation. Indeed, it is recommended to apply the three
types of investigation in an iterative and integrative manner [21].

A wide range of technologies have benefited from VSD (e.g., [25-27]). In the field of social robotics, several
works have advanced the design of value-sensitive human-robot interaction. In her works, van Wynsberghe
[28, 29] focuses the application of VSD on care robotics — research on robots that are used related to the care
of persons — and develops the “care centered value sensitive design methodology” as well as the “care centered
framework” that allow one to design and evaluate care robots from an ethical perspective. Building upon on
her works, Umbrello and his colleagues [24, 30] proposed a multi-tiered approach VSD-ALI for Social Good
(AI4SG) for care robotics that extend the scope of values to be considered (e.g., including UN Sustainable
Development Goals as value sources). Beyond the healthcare context, VSD has been applied to social robots
in education to uncover parents’ moral values with respect to the introduction of social robots in primary
schools [31]. Furthermore, various works have been conducted in the field of child-robot interaction to gain an
understanding of children’s perception of and attribution of moral and social standing to social robots . Finally,
using VSD as a research background, Zhong et al. [32] investigated factors that affect robot likeability.

The existing literature shows that VSD research traditionally has a strong background in ethics. However,
recent discussion calls on broadening the view of values by giving more attention to the context, which affects
stakeholders’ view on values [30, 33]. In particular, the context plays a vital role in how stakeholders perceive,
interpret and prioritize values relevant to the design of technology [33]. Complementary to the ethical
perspective, we take a managerial and contextual viewpoint in our application of VSD.

3 Proposition of three basic research principles for VSD

Based on our research experience on VSD in social robotics, we propose three basic research principles, which
we outline next.

3.1 Employ a multi-iterative VSD approach

The first principle concerns the iterative characteristic of VSD, which essentially ensures a technology design
that respects stakeholders’ values. With regard to VSD as an iterative approach of three types of investigation
(conceptual, empirical, technical), a recent review reveals a lack of iteration in most VSD projects and calls for
considering this aspect to enhance technology design [34]. While existing research (e.g., [24]) suggests that
each design process once contains the three types of investigation of VSD, we argue that the iterative nature of
VSD calls for a more frequent iteration of the three investigation types within a design process. Centering
values in the core of the technology design, we propose a multi-iterative VSD approach. This multi-iterative
approach should follow the identification of stakeholders and their benefits and harms in the particular
sociotechnical context. Based on our research on human-robot interactions, we distinguish three main phases
of VSD for specifying the multi-iterative approach: 1) value identification, 2) value embedding, and 3) value
evaluation. Fig 1 displays the multi-iterative VSD approach we propose as the first basic research principle of
applying VSD for designing Al technologies, and particularly social robots.
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Value identification. This phase focuses on the identification, conceptualization, and prioritization of values
relevant to the stakeholders not only in general but especially in the particular use case context of the particular
technology. All three types of investigations can be part of this phase. For instance, the identification of values
in HRI can be done conceptually by drawing on ethical frameworks identified in the literature [28], but also by
conducting empirical investigations with stakeholders for the stake of contextual values. Furthermore,
technical artifacts such as mockups can be used for the elicitation of values as well. Particularly, we learned
that mockups are useful for identifying values in HRI as most people do not have any experience in interacting
with social robots yet [32]. The outcomes of the empirical and technical investigation inform the conceptual
investigation, for instance, with regards to the conceptualization of values. Another important aspect of this
phases is addressing potential tensions between values, also through conceptual, empirical, and potentially
technical investigations.

Value embedding. In this phase, values are embedded into technology design through translating the values
into design requirements and implementing them into the design. Deriving design requirements can be
conceptually guided by existing frameworks (e.g., [35]), complementing empirical investigations involving
stakeholders. The operationalization of the design requirements can then draw from theoretical concepts (e.g.,
design patterns [40] for specifying values-sensitive HRI), followed by the technical realization in form of
prototypes. Before moving on to the next phase of value evaluation, the developed prototype should be tested
not only with regard to functional aspects but also with regard to usability aspects. The latter is important to
ensure a potential misperception of values in the evaluation phase is not due to a lack of usability. We suggest
that the technical prototype shall ensure good usability before conducting the value evaluation. This requires
an iterative cycle of technical prototyping and empirical usability testing. Furthermore, from past projects, we
learned that during prototyping, there might be unforeseen technical limitations that require adaptions of the
operationalization of design requirements, which requires further iterations within this phase.

Value evaluation. This phase focuses on the empirical assessment whether the values embedded into the
developed prototype are actually perceived by stakeholders as intended. The results of the evaluation can either
confirm the design or indicate two types of required improvement. The first type concerns the insufficient
technical specification of the developed prototype (e.g., misguiding robot behaviors), which consequently
needs a revision of design requirements. In this case, researchers shall revisit the second phase, value
embedding. The second type concerns unanticipated values, which stakeholders become aware of to be
relevant, and value tensions, which usually become apparent after the deployment of the prototype [36]. The
evaluation ideally spans a period of several weeks to be able to uncover this type of required improvement. If
such improvements are necessary, researchers are advised to revisit the first phase, value identification. To
avoid serious deviations from stakeholders’ expectations over time that lead to a major redesign of the
technology, we propose to revisit the three phases frequently.

1) Value identification
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2) Value embedding

3) Value evaluation

Fig. 1. Specification of the multi-iterative VSD approach



3.2 Start with the use case

The second principle addresses the beginning of a VSD project. Traditionally, VSD does not prescribe how to
start a VSD project. Instead, Friedman et al. [36] suggest beginning with the most relevant aspect to the
researchers. Therefore, over the past years, we started our VSD projects with the context of use and the
technology — social robots. For example, we investigated the use of social robots in public spaces such as a
campus library [38], a reception area of a company [37], and the application of social robots in the healthcare
sector. We learned that it is highly beneficial to focus on specific social robot use cases to identify values that
are relevant to the various stakeholders of a social robot such as in the healthcare context. Even though it is
possible to investigate which generic values are important to the application of social robots in the healthcare
field, we found that such values are relevant but insufficient for specifying design requirements that foster
acceptance and usage of a social robot. For example, in a survey (N = 127) investigating values important in
the healthcare context, we found that some universal values such as power and universalism as identified by
Schwatz [39] have no importance as opposed to context-specific values such as compassion and respect for
person as specified in prior research [40]. Furthermore, participants prioritized the values in a use case-
dependent way. Using a robot as a companion in the case of a longer hospital stay, the top three values are
compassion, respect for person, hedonism, while the values of security, benevolence and self-direction share
the fourth rank. Using a robot as a distraction during needle injection, the top five values are compassion,
respect for person, security, hedonism, benevolence and conformity. Our explanation is that the technology
can be used for a very diverse set of applications. For example, social robots may serve as assistants in the
registration process of patients or they may support staff through providing medical information to patients. In
each particular use case, the set of values relevant to the specific stakeholders of a social robot can differ
largely. In the example, efficiency may be one of the dominant values relevant in the registration process of
patients, while empathy may be especially important when giving medical information to the patients. Thus,
we suggest establishing the research principle of a use case-guided specification of stakeholder-relevant values
for a particular technology.

3.3 Sustain the knowledge of value-sensitive design

The third principle focuses on perpetuating the findings of VSD projects, so both researchers and engineers
can build upon the already generated design knowledge. Some researchers have already generated an overview
of VSD projects, such as Friedman and Hendry [21] who categorized VSD projects by application domain,
values, and technology. To foster the exchange of the VSD community, in particular, with regard to design
practices and knowledge, we suggest to go beyond such categorizations and extend the overview into a
technology-specific catalogue of use cases, stakeholder-relevant values, and particularly also the related design
requirements, and technical specifications. Such a catalogue can then develop into a reference frame for
researchers and engineers for 1) leveraging current best practices and 2) further developing value-sensitive Al
technology. Thus, we propose developing a reference frame that shall serve as a basis for technology design,
especially shaping the interaction of humans and technology, such as through specifying typical design
patterns.

4 Conclusion

Various Al technologies are currently in their infancies and, thus, naturally a predominant focus lies on their
technical performance and development. In this context, the end users and affected social stakeholder groups
are not necessarily sufficiently considered. Yet, to develop Al technologies in a responsible and sustainable
manner requires integrating what these stakeholder groups deem important. While user-centered design
approaches focus on integrating the perspectives of the end user, VSD goes beyond in that it involves all
stakeholders of the technology and focuses on a value perspective rather than a user requirements perspective.

To ease the design of Al technologies, we propose three basic research principles of VSD. The first research
principle employs the multi-iterative VSD approach that consists of 1) value identification, 2) value
embedding, and 3) value evaluation. The second research principle starts with the use case to understand and
identify contextual values relevant to the stakeholders. The third research principle sustains knowledge of
value-sensitive design. The proposed research principles are our first attempt to generalize our learnings from
the past VSD projects. Currently, we are refining and further developing the proposed principles, in particular,
using social robots as an exemplary technology.
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We intend to create awareness for the relevance of values in Al design. Our overall goal is to trigger
interdisciplinary exchange and collaboration on the important topic of designing Al with a focus on stakeholder
relevancy and societal wellbeing.
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