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ABSTRACT 

Even though a broad range of social robots are currently 
available on the market, social robots are not yet an integral part 
of companies, healthcare providers, or public institutions. This 
might be due to the fact that the prevalent developer perspective 
immanently focuses on technological advancements, whereas a 
human-centered view remains underrepresented. In this paper, 
we argue that a human-centered perspective which integrates 
values and beliefs of relevant technology stakeholders needs to 
complement existing approaches to social robot design. 
Therefore, we propose to apply value sensitive design (VSD) to 
improve the process of social robot development and design. 
Even though VSD has become popular in recent years and it 
represents an established approach to foster innovative 
technologies, it has not yet been widely applied in the context of 
social robotics. Concretely, in this paper we will outline the 
added value of using VSD for social robots and we will explain 
how to utilize this methodology to enrich research and practice 
in social robotics. 
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1 INTRODUCTION 
Social robots have become more and more present in today’s 
societies. However, despite their deployment in organizations 
like companies, health care facilities or public institutions, social 
robots have not yet become sustainably integrated into society at 
large [1] in which social robots are supposed to be embedded. In 
order to facilitate the uptake of social robots, stakeholder 
values—what is important to individuals and organizations who 
have “a right, share, claim or interest in a system” [2]—need to 
be sufficiently considered.  
In fact, technologies such as social robots are not value-neutral 
per se [3], [4]. For example, the humanoid robot Pepper was 
developed according to the manufacturer’s design principles 
(e.g.,  safety, affordability, pleasant appearance) [5]. Indeed, these 
principles represent values that the manufacturer implicitly 
embedded in the robot system. This was realized, for instance, by 
means of design choices such as round edges to assure safety, 
limited technical components to assure affordability, and Manga-
like large eyes to realize pleasant appearance [5]. However, is 
unclear to what extent the values that were implicitly embedded 
by the manufacturer indeed align with the values that the 
various user groups of Pepper actually deem important. 
However, undoubtedly, incorporating stakeholder values 
contributes to successful technology deployment [6], whereas 
the lack thereof may elicit detrimental outcomes (e.g., [7]). 
Various human-centered design approaches have been proposed 
to foster acceptance of robots and human-robot interaction (HRI) 
(e.g., [8], [9]). Thus, a positive trend towards more user 
involvement in the development of social robots has emerged 
(e.g., [10]–[12]). One of such approaches particularly considers 
the values of technology stakeholders, namely value sensitive 
design (VSD).  
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VSD is an established theory-based approach to technology 
design [13]–[15]. It follows the tripartite methodology by 
Friedman et al. [13] and thus combines conceptual, empirical, 
and technical investigations to iteratively implement specific 
values in the design of new technologies [6], [13], [15], [16]. 
Even though VSD researchers acknowledge the key role of 
iteration for VSD and the importance of an alteration of the 
three core types of investigations (i.e., conceptual, empirical, and 
technical), contemporary VSD research does neither sufficiently 
apply these investigations in an iterative manner [16], nor does 
such work provide guidelines on how to realize the respective 
iterations in research practice. Consequently, we outline how to 
actually conduct an iterative VSD cycle. Here, we propose what 
we call a “wave approach” that encompasses conceptual, 
empirical, and technical investigations both on a general and on 
a specific level. Thereby, VSD is more easily applicable in social 
robotics. 

2 HUMAN-CENTERED DESIGN 
APPROACHES IN SOCIAL ROBOTICS 

In the early years of social robot development and HRI research, 
most researchers have merely turned to the existing literature 
when building a new robot platform. For instance, a diverse body 
of research on affective computing has been integrated in the 
process of designing a social robot for human-robot interaction 
[17]. To provide another example, control strategies for safe 
motion have been developed by leveraging proxemics theories 
[18]. Likewise, an attention system based on theoretical models 
concerning visual search has been developed [19]. These 
examples illustrate that commonly, the design and development 
of social robots has been technology-driven, with end users 
involved only to validate a priori theoretical assumptions. As 
social robots and human users will eventually not only co-exist, 
but also interact with each other as companions on a regular 
basis, designing user-friendly robots is paramount. In order to 
assure a positive user experience, HRI researchers have started 
to consider user-centered design, an approach that puts end 
users’ needs in the foreground during the design cycle [20]. To 
illustrate, potential users have been involved in the identification 
of household tasks and possible designs of a mobile fetch-and-
carry robot [21]. Further, designated end users were involved in 
the evaluation of a socially assistive robot [22]. Moreover, 
researchers investigated the impact of engaging end-users in the 
prototyping process on their attitude towards an educational 
robot [11]. Previous research has combined user-centered design 
with agile development and explored evaluations of stakeholders 
that would eventually use a receptionist robot [10].  
However, importantly, user-centered design mainly focuses on 
gaining insights into users’ needs in a specific application 
context. This use case, in turn, is commonly a priori determined 
by researchers [23]. Thus, end users have typically been involved 
merely to demonstrate positive user experience in the context of 
a pre-defined use case. Moreover, concerns have been voiced 
regarding the involvement of end-users in that they might 
potentially envision “unwanted” design features [24]. Thus, to 

mitigate potential negative consequences associated with a 
strong emphasis on end-user opinions, recent research [25], [26] 
has tried to extend the focus from primary users (i.e., end-users) 
to secondary resp. tertiary users (i.e., users who use the 
technology at odd times or indirectly, that is, users who are 
affected by someone else’s use of the technology). Nonetheless, 
to date, potential end users are merely involved to serve the 
purpose of delivering inputs for design features and/or to fulfill 
the benchmark to test and evaluate a system. 
To overcome this restricted perspective regarding human 
participants, participatory design has also inspired the 
development of social robot applications. Compared to the 
traditional user-centered design approach that considers end-
users as a source for designers to formulate design requirements 
satisfying user’s needs, participatory design aims for higher user 
involvement in the design process by viewing users as 
equivalent partners to the robot designers in the design process. 
Through various methods [27], participatory design empowers 
users to make design decisions, thereby enabling them to co-
design the system. Accordingly, users are viewed as part of the 
design team who not only support the ideation of the system 
design, but who are also involved in the system development 
process. Previous work has shown that social robot applications 
targeting seniors benefit from participatory design in particular. 
To illustrate, elderly individuals co-designed a socially assistive 
robot that shall prevent and detect falls at home [28]. Moreover, 
research also focused on the benefit of mutual learning [29] 
during the co-design process of a social robot [12]. Building 
upon this work, research proposed the mutual shaping approach 
that is not only based on mutual learning, but also emphasizes 
the potential impact of a robot’s deployment context [23]. Using 
a case study, these authors applied the mutual shaping approach 
with therapists to explore the use of a socially assistive robot for 
rehabilitation. 
Obviously, this literature review reflects the breadth of user 
involvement [29], thereby documenting the shift from treating 
human participants as mere “product testers” vs. engaged co-
designers of novel technologies that are eventually relevant to 
their needs. Despite this clear paradigm shift, user involvement 
has mainly been limited to the exploration of user needs 
regarding robot functionalities and their usage. 
While this focus is important, another aspect that shapes user 
needs is still under-researched, namely values. Values are 
defined as principles and underlying assumptions about what is 
important and desirable in life to particular groups [13], [30], 
[31]. Recent research has called for integrating values in 
technology design and developed corresponding approaches [4], 
[9]. In particular, value sensitive design [4]—an established, 
theory-based methodological approach that explicitly embeds 
values in technology—has been applied to various technology 
designs [16], including conversational agents [32] and social 
robotics [15]. 
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3 VALUE SENSITIVE DESIGN 
Over the past decades, researchers have investigated how 
systems can be designed to foster human values. VSD is one of 
the approaches that accounts for integrating values into 
technology design [4]. Since values are defined as principles and 
underlying assumptions about what is important and desirable in 
life to particular groups [13], [30], [31], they represent 
subconscious needs, shared by members of a group (e.g., safety) 
[33], guiding their behavior (e.g., use or avoid certain 
technologies) [34]. Applying VSD to social robots rests on the 
assumption that embedding stakeholder values (e.g., empathy or 
collaboration [13]) into social robots will help overcome 
psychological and societal barriers to robot deployment [6], [13], 
[15], [16].  
The VSD approach suggests a range of methods as a toolkit to 
take values into the focus of technology development [4]. 
Researchers are advised to carefully select suitable methods for 
their VSD study context. Existing VSD research has shown that 
considering values in technology development can be a driving 
force of technology acceptance. For example, considering 
sustainability can foster acceptance of smart grid technologies, 
whereas a failure to consider particular values, such as privacy 
may represent a barrier to technology acceptance [35].  
In the context of social robots and HRI, several works have 
already emphasized the need for VSD for social robots [8], [9]. 
Here, existing research has mainly taken into account the notion 
of values from an ethical and moral perspective (e.g., [15], [36]). 
In fact, VSD research typically explores values that are deemed 
desirable from a collective ethics perspective, such as 
sustainability [37]. At the same time, research that focuses on 
the empirical identification of values pertaining to specific 
perspectives and stakeholder groups is still scarce [38], [39]. 
Consequently, researchers have called for an empirical approach 
to identify values of potential relevance to stakeholder groups of 
a particular technology [39]. In a healthcare context, for 
example, patients’ values might be investigated, and likewise, 
medical staff might be interrogated to find out that patients may 
deem compassion relevant, whereas medical staff members 
might emphasize values like collaboration or efficiency. This 
example already highlights an inherent problem that might 
emerge in the analysis of stakeholder values: The respective core 
values might be in conflict. Such potential conflicts between 
values endorsed by various stakeholder groups must be 
considered to avoid detrimental effects on technology acceptance 
[40]. For instance, social robots should embody and display 
stakeholder values in their communication and behavior in such 
a way that social robots can ultimately be accepted and 
successfully integrated in a variety of contexts. The point is: 
Ignoring stakeholder values altogether in the deployment of 
social robots may foster fear, alienation, or a loss of human 
dignity [41]. Thus, a VSD approach emphasizes the need to 
carefully reflect on the values relevant to various stakeholder 
groups. 

Experts in VSD have (a) emphasized the iterative nature of VSD 
to ensure that conceptual, technical, and empirical investigation 
are sufficiently represented within the complete VSD process, (b) 
identified a lack of research applying this iteration, and (c) called 
for methodological guidance to lower barriers to VSD [4], [16]. 
However, to date, specific guidelines as to how to go about this 
iteration are missing. Thus, we outline recommendations for 
VSD in the next section. 

4  A WAVE APPROACH TO VSD 
To address the lack of guidance on how to exactly realize 
iterations of conceptual, empirical, and technical investigations 
in VSD, we suggest what we call a wave approach to VSD. Figure 
1 illustrates the approach.  
We will outline it briefly in the following: On a general level, the 
wave approach differentiates between a conceptual, technical, 
and empirical wave, which translate into value identification 
(conceptual wave), value embedding (technical wave), and value 
evaluation (empirical wave). On a more specific level, we can 
identify various phases within each of these waves that alternate 
regarding technical, empirical, or conceptual focus. As to the 
phases on the specific level, our approach suggests empirical 
phases to be most present in VSD research, starting and ending 
the overall research cycle, and also appearing in between each 
conceptual or technical phase. 
The wave approach starts with context specification in the value 
identification wave. In this phase, the context of use and 
potential stakeholders are analyzed empirically. To complement 
the list of stakeholders, researchers can also consult literature 
[4]. During the conceptual investigation, the focus of the 
literature review is on identifying and defining stakeholder 
values relevant to the context. We appeal to triangulate the 
findings from the conceptual phase with empirical insights when 
it comes to stakeholder value analysis. In particular, an empirical 
analysis enables stakeholders to voice contextual values and 
their priority of key values. A technical investigation that 
retrospectively [4] analyzes values already embedded in the 
robot can additionally give insights into stakeholders’ views on 
these value and their implications. Finally, value tensions might 
emerge at various levels, for example, between stakeholder 
groups. Such value tensions should be resolved [4] before 
proceeding to the next wave. 
The second wave concerns value embedding. Here, values 
identified in the first wave are translated into design 
requirements for human-robot interaction and technically builds 
the value-sensitive robot artifact. This wave also comprises three 
types of investigations. Conceptually, design requirements can 
be investigated (e.g., value hierarchy [42] and design patterns for 
human-robot interaction [43]) and empirically co-derived with 
stakeholders (e.g., in a series of mutual shaping workshops [23]). 
Next, the defined requirements are implemented into a technical 
robot artifact, i.e., a technical investigation phase focuses on 
proactive design [4].  
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Figure 1: Wave approach to VSD 

 In the third wave, the developed robot artifact is evaluated 
comprehensively. First, the robot should meet predefined 
functional and usability requirements. Meeting usability 
requirements is particularly important to rule out that a 
potential lack of usability overshadows positive effects of the 
VSD. To ensure a functioning and usable technical artifact, 
established technology development methodologies that 
emphasize a test-driven, iterative, and incremental development 
approach can be leveraged (e.g., agile methodology, DevOps). 
Given a positive evaluation of functional/usability tests, the 
robot artifact may now be tested with regard to stakeholders’ 
perception of the embedded values. To do so, researchers design 
experiments and field tests (e.g., [44]). Most importantly, the 
empirical evaluation shall involve the stakeholder groups 
identified in the first wave, preferably with real interactions with 
the robot artifact [45]. 
Throughout the wave-based design process, we identify three 
major cases that can lead to a revision of prior phases in the 
design process: If the empirical evaluation suggests that (1) the 
wrong values were implemented, a value revision is called for, 
requiring a new stakeholder value analysis. If the evaluation 
suggests that (2) the right values were implemented in the wrong 
way, a requirement revision is necessary. And if the evaluation 
suggests that (3) the implementation of the right values and 
requirements were technically implemented in the wrong way, 
an implementation revision is required. 

5  CONCLUSION 
Recently, social robotics has started to shift from a technology-
centered view of robot design to a human-centered one. 
However, to design and develop social robots that contribute to 

human welfare, values and beliefs of relevant stakeholders must 
be integrated in the robot design. VSD is a technology design 
approach that particularly integrates stakeholder values into 
technology design through its tripartite methodology (i.e., 
conceptual, empirical, and technical investigations). Yet, research 
lacks guidelines on how to conduct the three investigations 
iteratively. The present work addresses this gap by proposing a 
wave approach for VSD. This approach outlines a VSD process 
comprising of three waves that address value identification, 
value embedding, and value evaluation, whereas each wave 
entails various phases that iterate through the three 
investigations (conceptual, empirical, and technical). The 
proposed wave approach builds on traditional design processes 
that include methods such as literature review, design analysis, 
and field testing, and stresses the iterative nature of the 
approach. However, the approach goes beyond the traditional 
view of identifying user needs in that it not only focuses on 
values, but also extends the focus from users—persons directly 
using a social robot—to stakeholders—persons directly interacting 
with a social robot or being affected by the use of a social robot 
[4], and initiates a series of activities around stakeholders (e.g., 
resolving value tensions). The proposed wave approach adds to 
both VSD research in general and social robotics research in 
particular, providing guidance on how VSD can be leveraged for 
designing social robots. The presented wave approach is part of 
our ongoing research to make VSD more graspable for 
application to new technologies. Despite its current rather 
theoretical nature, we are further specifying the VSD wave 
approach for social robots and the key methods to be used in 
each wave in ongoing research. 
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