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Abstract

Both human autonomy and agency are core human values and foundational to well-being. Their uses and definitions
are intertwined and are central to current ethical and governance discourses on artificial intelligence and cyber-physical
systems (e.g., the EU Al Act and IEEE Ethically Aligned Design). This review synthesises empirical studies on human
autonomy and sense of agency in Human-Robot Interaction (HRI) to bridge the gap between existing design frameworks
and regulatory demands on the one hand and the available empirical evidence on the other. Using the PRISMA workflow,
we queried five databases and identified 22 empirical studies published between 2011 and early 2024. Across both con-
cepts, separate methodological strands emerged: Self-determination theory-based measures of autonomy via psychometric
scales and neuroscientific measures of agency, primarily intentional binding, with little integrative work bridging the two.
A thematic synthesis identified five clusters of potentially influential factors: robot adaptiveness, robot communication,
robot anthropomorphism, exposure to robots, and individual differences. Evidence for the direction of effects varied across
contexts, including education, health and care, industry, hospitality, delivery, and general social robotics. Mapping the
findings onto the METUX framework showed that current work predominantly targets the interface and task spheres. The
adoption, behaviour, life, and society spheres are largely unexamined, limiting understanding of longer-term, real-world
impacts on well-being. We recommend integrating autonomy and agency paradigms in study designs for a more nuanced
understanding of both concepts, standardising definitions and instruments, probing moderating user traits beyond demo-
graphics, and extending evaluations beyond short laboratory tasks into longitudinal, real-world settings. These steps could
help advance autonomy-supportive robot design strategies that uphold ethical and psychological principles and foster user
well-being in HRI.

Keywords Human autonomy - Self-determination - Sense of agency - Human-robot interaction - Basic psychological
needs - Well-being

1 Introduction

Human-Robot Interaction (HRI) is a well-studied field.
Robots are envisioned and studied for a broad range of
applications, including robots designed to act as colleagues
in assembly tasks, simple cleaning robots, and pet robots
used in care settings [1-3]. Robots designed to work with
or accompany humans must be adapted to humans’ diverse
needs to enable effective, human-centred interaction and
collaboration [4, 5].

Numerous studies have examined how HRI and robots
must be modelled and designed to foster user experience,
acceptance of robots, trust in robots, and other context-spe-
cific goal variables such as increased learning or health ben-
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outcome of HRI are essential for the effective deployment
of this technology, prioritising these aspects can neglect
ethical concerns.

In 2017, the Institute of Electrical and Electronics Engi-
neers (IEEE), the largest technical professional association
in the world, published “Ethically Aligned Design” to foster
discourse and the development of autonomous technology
aligned with specified ethical design principles [11]. A cen-
tral principle is the optimisation of technology for human
well-being. The document argues that without well-being as
a crucial aspect of technology design, even the best design
intentions could have serious negative consequences. One
crucial aspect mentioned to uphold human well-being is
maintaining and encouraging human autonomy. Similarly,
the EU’s Al Act also mentions human autonomy and agency
as ethical principles of Al design [12].

1.1 Human Autonomy

The concept of human autonomy has a long history as a
fundamental ethical principle, advanced by the highly influ-
ential groundwork of Immanuel Kant [13, 14]. He described
human autonomy as freedom of action and choice, with-
out being subject to the control of others or to one’s own
inclinations.

Beyond its role as an ethical principle, autonomy is also
identified as a basic psychological need (BPN) in the well-
known self-determination theory (SDT) by Ryan and Deci
[15]. In SDT, the psychological needs for autonomy, com-
petence, and relatedness serve as prerequisites for intrinsic
motivation, which in turn is an important factor for well-
being. This relationship has been empirically verified across
numerous contexts and cultures, demographic variables,
and even differing levels of need desire and valuation [16,
17]. Unlike desires, these psychological needs function as
nutrients for optimal human functioning and have been con-
ceptually and empirically shown to predict well-being uni-
versally [18-20]. In SDT, the need for autonomy is defined
as the experience of willingness and volition, and the sense
of integrity when actions, feelings, or thoughts are authentic
and self-endorsed. When frustrated, it leads to experiences
of conflict and pressure [21].

At this point, it is important to distinguish between
machine and human autonomy. Machines can exhibit auton-
omy, while humans are in a state of autonomy but do not
possess it as an attribute [22]. There exists even an auto-
mation conundrum: higher machine autonomy is associated
with decreased situational awareness and reduced ability of
human operators to take over control [23]. Balancing human
and machine autonomy is therefore a crucial task. More-
over, human autonomy does not hinge on complete inde-
pendence; it builds upon relationships and acknowledges
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that a human can never be fully independent of others
[24]. For example, a well-trusted employer who recognises
and shares employees’ goals and values can foster human
autonomy while remaining clear in their demands [24, 25].
Furthermore, studies that conceptualise human autonomy
within SDT provide no evidence of an oversaturation of
autonomy satisfaction, given its consistently positive pre-
diction of well-being metrics [17, 24]. This is corroborated
by observations that satisfying human autonomy (and the
other psychological needs) does not reduce the desire for
even greater satisfaction [26]. Instead, it is the frustration of
human autonomy that predicts ill-being.

Because of the pivotal role that human autonomy plays
in predicting well-being, it serves as a foundational concept
in human-computer interaction (HCI) [27]. Accordingly,
designing for human autonomy, and psychological needs in
general, should be placed at the centre of robot design as
well [28].

However, SDT and BPNs are rarely applied in the con-
text of HRI, although evidence by Nikolova et al. suggests
that robotisation at work in its current form might even lead
to diminshed human autonomy, relatedness, and meaning-
fulness [28, 29]. In contrast, theoretical considerations by
Formosa highlight that robots could improve human auton-
omy by providing users with more valuable ends, improved
autonomy-related competencies, and more authentic choices
when used appropriately [30].

Based on SDT, Peters et al. published the influential
METUX framework in 2018 to guide HCI researchers and
developers in designing technology for well-being based on
the psychological needs of autonomy, relatedness, and com-
petence [24]. In their framework, they posit six spheres of
experience in which needs can be experienced and affected:
adoption, interface, task, behaviour, life, and society. The
adoption sphere refers to the experience of deciding to use
a new technology; the interface sphere to the interaction
with the technology via its interface; the task sphere to the
experience of the task carried out with or by the technol-
ogy; the behaviour sphere to the overarching behaviour
supported or induced by the technology (e.g., cooking or
sleep tracking); the life sphere to how the technology and
the induced behaviour shape the user’s life in general; and
the society sphere to how society in general experiences the
effects of the technology. While these spheres provide a way
to separate potentially conflicting design effects on auton-
omy across different spheres and foster structured reasoning
and evaluation, Peters et al. also emphasise that the spheres
themselves are conceptual and their boundaries overlap.

Using the METUX framework, Janssen and Schadenberg
developed the first guidelines for well-being-oriented social
robot design [28]. They based these guidelines on empiri-
cal studies in HRI concerned with related concepts such as
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empowerment, perceived freedom, and self-efficacy. How-
ever, they acknowledge that only a few articles have explic-
itly applied theories of well-being and motivation in HRI
research. Although the guidelines are explicitly stated for
social robots, we argue that they offer a valuable foundation
for designing HRI across various domains: They present a
testable, fixed set of rules, and there is evidence that even
in highly industrial settings, people might relate to robots as
social actors, potentially benefiting from design guidelines
derived from social domains such as care or education [31].

For each sphere of experience (except the sphere of
adoption and society), they define and provide examples
of how the individual psychological needs of relatedness,
autonomy, and competence can be satisfied in social robot
design. Because this literature review is concerned with
human autonomy, we summarise only the recommendations
given to foster human autonomy:

e Interface Sphere:

— Provide choice and options for interaction modes
— Apply non-controlling communication techniques

e Task Sphere:

— Provide choices regarding tasks and task character-
istics performed by the robot

— Acknowledge negative feelings towards a task

— Provide meaningful rationales for tasks

e Behaviour Sphere:

— Empower decisions about the type, difficulty and
frequency of (users’) behaviour

— Acknowledge negative feelings towards a behaviour

— Provide a meaningful rationale for behaviour

e Life Sphere:

— Prevent excessive engagement and overreliance on
the robot

— Assess whether users still act in line with their own
values

Janssen and Schadenberg describe their work as a call to
action to implement measures that foster psychological
needs when designing robots and to use the framework as
a reference point from which to start more structured and
extensive research efforts [28].

1.2 Sense of Agency

The sense of agency, defined as the “feeling of control over
actions and their consequences” [32, p.1], is often treated
as synonymous with, or closely intertwined with, human
autonomy, particularly in HCI [27]. Bennett et al. describe
sense of agency and human autonomy in HCI as umbrella
concepts: broad constructs that encompass a variety of
theoretical perspectives and understandings, which may be
related [27]. They identify a shared focus on self-causality,
perception of control, identity, and material independence
[27, 33]. Additionally, both are regarded as intrinsically
good and as contributing to physical and mental well-being
[27,32].

While human autonomy as a psychological basic need is
grounded in motivational psychology, the sense of agency is
often approached from a neuroscientific perspective. Weg-
ner and Wheatley proposed the Model of Conscious Will,
which posits that unconscious causes of thought and action
give rise to the thoughts and actions we experience [34].
Our sense of agency stems from consciously experienced
thoughts and subsequent actions, yet the true causes of these
actions are unconscious triggers that precede conscious
intention [32].

In HCI, the sense of agency is acknowledged as an impor-
tant factor in interface design [32]. Technology should allow
users to feel agentic (i.e., in control). However, increasing
automation in domains such as self-driving cars and flight-
assistance systems can challenge this goal.

The fact that sense of agency and human autonomy func-
tion as vague umbrella concepts is not inherently prob-
lematic [27]. When clearly articulated, such concepts can
facilitate coordination and communication across disci-
plines. However, Bennett et al. identify a lack of integrative
work needed to strengthen theoretical and empirical connec-
tions and clarify how these concepts relate to one another.
For example, it remains an open question whether sense
of agency constitutes a prerequisite for satisfying human
autonomy, that is, whether the sense that we are the agents
of our actions is necessary for perceiving those actions as
aligned with our values and identity [35].

1.3 Study Aim

With this study, we echo Janssen and Schadenberg’s call for
more empirical research on human autonomy and agency
in HRI and aim to corroborate theoretical frameworks by
synthesising existing empirical work. At present, design
frameworks such as METUX and the derived guidelines for
well-being-oriented social robots provide concrete recom-
mendations for fostering human autonomy in HRI, yet these
recommendations are grounded primarily in theoretical
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reasoning and evidence from adjacent fields rather than
in direct empirical HRI research [24, 28]. Simultaneously,
regulatory instruments including the EU’s Al Act and the
IEEE’s Ethically Aligned Design require developers to
attend to human autonomy and agency, but offer limited
guidance on what empirically supports these goals in HRI
[11, 12]. Moreover, human autonomy and sense of agency
function as umbrella concepts with overlapping yet theoreti-
cally distinct foundations and an unclear empirical relation-
ship [27], making it essential to examine how existing HRI
research operationalises and distinguishes them. As robots
are increasingly deployed across domains, design and pol-
icy decisions concerning human autonomy and agency are
already being made, yet without a synthesis of the avail-
able empirical evidence, it remains unclear to what extent
existing frameworks are supported, where critical gaps
persist, and which factors warrant further investigation. A
systematic review that maps this evidence base is therefore
needed to bridge the gap between theoretical and regulatory
demands on the one hand and empirical knowledge on the
other. Our review is guided by the following questions:

e What domains, methods, conceptualisations, and opera-
tionalisations characterise the current empirical litera-
ture on human autonomy and agency in HRI?

e What factors have been examined as potentially influ-
encing human autonomy and sense of agency in HRI,
and what trends emerge across studies?

e How can the identified studies and findings be interpret-
ed in light of the METUX framework and framework-
derived design guidelines?

To address these questions, we identify and synthesise
empirical research on how to maintain and foster human
autonomy and sense of agency in HRI by applying the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [36]. Because human
autonomy and sense of agency function as umbrella con-
cepts in HCI, with potentially entangled or similar mean-
ings, this review is designed to capture both concepts. In the
results and discussion, we will highlight any meaningful dif-
ferences and potential connections between those concepts.

The results of this review can guide researchers, practi-
tioners, and policymakers by highlighting a) research gaps
for future studies and funding, b) aspects to prioritise in
HRI design, and c) favourable measurement practices and
instruments.

The article is structured as follows: First, we describe our
methodological approach based on the PRISMA workflow,
including the utilised databases, deployed keywords, the
process of article identification, characteristics of the final
dataset, and the analytic procedures. Second, we present the
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results of the analysis. Finally, we discuss the results and
the limitations of this study, interpret them in light of the
METUX framework, and derive recommendations for sub-
sequent research.

2 Method

In this section, we describe the process of this systematic
literature review in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [36]. We report the databases con-
sulted as sources, the keywords used for initial identifica-
tion, the screening and eligibility criteria, the procedures for
assessing and classifying articles, and the content-coding
approach.

2.1 Databases

To ensure comprehensive coverage of academic literature on
human autonomy and agency in HRI, we searched multiple
major databases for potentially relevant articles. The data-
bases included Scopus, IEEE Xplore, Web of Science, ACM
Digital Library, and ScienceDirect. Scopus, ScienceDirect,
and Web of Science are broad, multidisciplinary databases
of peer-reviewed academic output (approximately 23 to
over 241 million indexed records), whereas IEEE Xplore
and the ACM Digital Library focus on electrical engineer-
ing and computer science [37—41].

2.2 Keywords

The authors selected keywords based on their expertise in
the domain. In addition, an iterative approach was used:
relevant terms identified during data collection were added
to retrieve additional articles in subsequent phases. This
strategy aimed to ensure comprehensive coverage by incor-
porating newly acquired knowledge. Article identification
proceeded in four phases. Keywords were queried in article
titles, abstracts, and author keywords. In each phase, the
search strings included robot and cobot but varied the terms
used to capture notions of human autonomy and agency.

In the first phase, we used the following keywords: human
autonomy, perceiving autonomy, perceived autonomy, per-
ception of autonomy, user autonomy, personal autonomy,
sense of autonomy, experiencing autonomy, experience of
autonomy, supporting autonomy, support for autonomy,
support of autonomy, preserving autonomy, preservation
of autonomy, human agency, perceiving agency, perceived
agency, perception of agency, user agency, personal agency,
sense of agency, experiencing agency, experience of agency,
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supporting agency, support for agency, support of agency,
preserving agency and preservation of agency.

In the second phase, we used the keywords need for
autonomy, need to feel autonomous, and autonomy need.

The third phase used the keyword self-determination
theory.

In the fourth and final phase, the keywords intrinsic moti-
vation and basic psychological need were used.

2.3 Process of Article Identification

In the following, we describe the process used to identify
and assess articles for inclusion in this review. An over-
view of this process is depicted in Fig. 1. The four phases of
article identification were conducted in a consistent manner
by the first author, but in separate time frames. Phase one
was conducted between 29 December 2023 and 08 March
2024, phase two between 08 April 2024 and 09 May 2024,
phase three on 12 April 2024, and phase four on 27 May
2024. Because each database uses a different search syntax,
the strings were adapted accordingly. For the exact search
strings and settings used, please refer to the files uploaded

to OSF.io. Articles were recorded and saved as .bib files for
each query if they met the following criteria:

Article, conference paper, book chapter, or review
Written in English

Keywords present in the title, abstract, or keywords
Not pertaining to human-autonomy teaming

We excluded theses, preprints, technical reports, white
papers, editorials, letters, and posters because they often lack
formal peer review and therefore vary in quality. Although
review articles typically do not present original empirical
data, we included them in the search to mitigate the risk of
missing a review with a similar scope to this work. No date
range was applied in order to capture niche evidence and to
trace historical trajectories and concept evolution.

In total, N=728 articles were recorded. For each phase,
records were merged and duplicates were automatically
removed using the tool bibtex-tidy [42], resulting in 530
articles. Duplicates between phases were not removed at
this stage because some phases were conducted in parallel.
For the screening step, we established a fixed set of rules to

Duplicates removed before
screening by BibTeX Tidy
(n=198)

Records excluded based on
Titel and Abstract (n = 329)

Records not retrieved
(n=1)

Records excluded
(n=178)

Fig. 1 Schematic depiction of
the article identification and c
assessment process based on the ko) Records identified
PRISMA flow diagram, resulting o
in a final set of n=22 articles for HL:) fro_rn SCOpUS, IEEE’ Web of
analysis = | [Science, ACM, Science
§ Direct (n = 728)
Records screened (n = 530)
g v
C .
3 | |Records sought for retrieval
—
O =
3 (n=201)
Records fulltexts assessed for
eligibility (n = 200)
8
i) Records included in review
TCJ (n=22)
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select appropriate articles. These rules were derived from
the goal of documenting the current empirical work on
how human autonomy and agency are fostered in HRI. We
explicitly focus on autonomous robots that do not require
human control to capture cases in which robots might be
perceived as colleagues or companions rather than as mere
sophisticated tools:

® Accept:

— Addresses human autonomy or agency of a human
in the context of HRI

— The robot or cobot refers to a singular entity capable
of operating without being attached to a human body
and without requiring control by a human operator

— Human autonomy or agency is measured after, dur-
ing or for an imagined interaction with the robot or
cobot

— The work is based on empirical data (e.g., interviews
or video recordings, survey data, ...)

e Reject:

— Autonomy refers to the robot or the cobot

— Addresses perceived autonomy or agency of the
robot or cobot and not the human

— Robots or cobots refer to digital assistants without
a depictable physical body (virtual robots or fictive
scenarios are accepted)

— The robot or cobot cannot potentially operate with-
out being attached to a human’s body or without
being controlled by a human operator

— Human autonomy or agency is only used as a design
guideline or is not measured after interaction

— The work is purely theoretical and does not rely on
empirical data

The .bib files for the 530 recorded articles were imported into
Excel to facilitate assessment. Articles were then screened
based on their title and abstract using the aforementioned
rules and colour-coded accordingly (red=not eligible,
green=further assessment, yellow =unsure + further assess-
ment). This initial screening, including removal of any
remaining duplicates, was conducted by the first author and
yielded 201 articles for subsequent full-text assessment. The
marked reduction was primarily due to the exclusion of arti-
cles addressing human-autonomy teaming, studies of robot
agency or autonomy, and non-empirical work considering
agency and human autonomy from ethical or theoretical
perspectives. Full-text assessment was conducted indepen-
dently by two coders (i.e., the first and second authors) fol-
lowing the same set of rules. All full texts were retrievable
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except for one. Each coder processed the database indepen-
dently, after which classifications were compared. Discrep-
ancies were documented and independently re-examined by
both coders, who also recorded rationales for inclusion or
exclusion of contested articles. These re-assessments were
then compared and discussed. Following this process, both
coders reached consensus on a final set of 22 articles, which
was used for further analysis.

2.4 Article Analysis

The articles were analysed using qualitative content anal-
ysis, conducted independently by the two coders. Prior to
coding, seven deductive categories were established:

Definition of human autonomy/agency
Operationalisation of human autonomy/agency
Type of robot

Context of HRI

Method used

Independent variables

Results

The articles were imported into MAXQDA 2022 for coding.
After individual coding, the coders compared and discussed
the coded segments within each category. Discrepancies
were resolved through discussion until consensus was
reached. We refrained from calculating intercoder agree-
ment statistics, given the factual nature of research articles.
Intercoder agreement statistics calculate agreement and not
correctness, and therefore do not align with the actual goal
of data extraction. Subsequently, both coders inductively
examined the content to identify common trends and pat-
terns. These were also discussed, and the results are pre-
sented in the following chapter.

3 Results

The final set of 22 articles identified through the PRISMA
workflow was analysed; results are presented in this section
(see Table 1). Sections 3.1, 3.2, 3.3, 3.4, 3.5, 3.6 address
RQI1 by characterising the domains, methods, conceptu-
alisations, and operationalisations of the included stud-
ies. Section 3.7 addresses RQ2 by synthesising the factors
examined as potentially influencing human autonomy and
sense of agency and the trends that emerge across studies.
Because RQ3 requires interpretive mapping of findings
onto the METUX framework, it is addressed in the Discus-
sion (Sect. 4.3). We first describe the characteristics of the
included articles. We then report the descriptive analysis of
definitions and operationalisations of human autonomy and
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Table 1 Articles and their descriptive features included in the literature review on human autonomy and agency in HRI

Article  Year Context of Type of Concept & Definition Operationalisation Method
HRI Robot
[43] 2021 Education Nao Need for Autonomy based on SDT  Psychometric scale [44]  Experiment with interaction
(i.e. [15])
[45] 2017 Health & Care Nao Need for Autonomy based on SDT  Psychometric scale [46]  Experiment with interaction
(Education) (i.e. [15])
[47] 2023 Hospitality Service Need for autonomy based on SDT ~ Psychometric scale [48,  Survey with video vignette
Robots (i.e. [15]) 49]
[50] 2023 Education Sanbot ELF  Need for autonomy based on SDT ~ Psychometric scale [46]  Experiment with interaction
(i.e. [15])
[51] 2023 Health & Care Pepper Need for autonomy based on SDT  Psychometric scale [5S2]  Survey with video vignette
(i.e. [15])
[53] 2023 Social Robots Pocketable  Need for autonomy based on SDT  n.d. Experiment and interview
Bones (i.e. [15]) with interaction
[54] 2022 Education Nao Need for autonomy based on SDT ~ Psychometric scale [55]  Survey with video vignette
(i.e. [15])
[56] 2023 Hospitality Service Need for autonomy based on SDT  Psychometric scale [57] ~ Survey
Robots (i.e. [15])
[29] 2024 Industry Industrial Autonomy based on [58] Psychometric scale [S9]  Secondary Database
Robots Analysis
[60] 2023 Health & Care Robotic Autonomy based on [61] n.d. Interview with video
Cats, PARO vignette
[62] 2021 Health & Care ElliQ, Vec- Relational Autonomy based on [63] n.d. Interview with video
tor, Biscuit vignette
[64] 2022 Education Pepper Autonomy s.d. Psychometric scale n.d.  Experiment with interaction
[65] 2019 n.d. Nao Sense of Agency based on [66] IB paradigm and Psycho- Experiment with interaction
metric scale [67]
[68] 2019 Social Robots Cozmo Sense of Agency based on [66] 1B paradigm Experiment with interaction
[69] 2023 Social Robots  Pepper Sense of Agency based on [66] 1B paradigm Experiment with interaction
[70] 2018 n.d. Cozmo Sense of Agency based on [71] Psychometric scale n.d.  Experiment with interaction
[72] 2023 n.d. iCub Sense of Agency based on [73] IB paradigm Experiment with interaction
[74] 2016 n.d. Robotic Sense of Agency based on [75] IB paradigm Experiment with interaction
Hand
[76] 2011 Health & Care ASIBOT Autonomy n.d. Psychometric scale n.d.  User Test
[77] 2023 Industry n.d Autonomy n.d. Psychometric scale n.d.  Survey
[78] 2016 Health & Care Nao Autonomy n.d. Psychometric scale [79]  Experiment with interaction
[80] 2023 Delivery Starship Sense of Agency n.d. Psychometric scale [81]  Experiment with interaction

n.d.: not defined; s.d.: self defined; SDT: Self-determination Theory

agency. Next, we outline the types of robots used and the
contexts in which HRI occurred, followed by a review of
the methodological approaches employed. Finally, we sum-
marise the independent variables (where applicable) and the
studies’ main results.

3.1 Article Characteristics

The 22 articles were published between 2011 and 2024,
with the largest share appearing in 2023 (10 articles; 45.5%)
(see Fig. 2). Seven were conference papers (31.8%), and fif-
teen were journal articles (68.2%). Geographically, eleven
studies were conducted in Europe (50%), two in the USA
(9.1%), two in Australia (9.1%), four in Asia (18.2%), and
three spanned multiple countries (13.6%).

3.2 Contexts

The studies, and thus the HRI examined, were situated
within broader domains, including education, health and
care, industry, hospitality, delivery, and general social robot-
ics (see Table 1). Four articles could not be assigned to a
specific context. In one case, the health and care and educa-
tional contexts overlapped: a personal robot was designed
and tested as part of an educational game on diabetes for
affected children [45].

3.3 Robot Types
A variety of robot types were used or referenced in the ana-

lysed studies (see Table 1). These included commercially
available platforms such as the Nao robot by Aldebaran
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Fig. 2 Number of articles for

each year on human autonomy 10
and agency in HRI between 2011
and early 2024
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Robotics and Pepper by Aldebaran and SoftBank Robot-
ics; self-developed models such as ASIBOT, an assistive
robotic arm developed by the University of Getafe in Spain;
a simple robotic hand; and robots with unspecified functions
or general assistive purposes. The most frequently used and
referenced platforms were Nao and Pepper.

3.4 Definitions of Human Autonomy and Agency

Two predominant definitions emerged (see Table 1). Human
autonomy was most often defined within self-determination
theory as a basic psychological need, an experience of will-
ingness, volition, and integrity when actions, feelings, or
thoughts are authentic and self-endorsed [15, 21]. Sense of
agency was predominantly defined as the feeling of control
over one’s own actions and their consequences [71, 73, 75].
In four cases, alternative definitions of human autonomy
were used. One employed the definition by Beauchamp and
Childress, which emphasises free choice [61]. The remain-
ing three adopted context-specific definitions: in care,
relational human autonomy was used, defined as the abil-
ity to make decisions with input and support from external
sources [62]; in industrial settings, Nikolova et al. translated
human autonomy as the freedom to judge and determine
how to work; and in education, Serholt et al. defined human
autonomy as the tutor’s ability to fulfil their role without
external help [29, 64]. Four articles provided no definitions
of either human autonomy or agency (see Table 1).

@ Springer

Year

3.5 Applied Methods

The primary methodology was experimentation involving
on-site interaction between participants and robots (see
Table 1). Other studies deployed surveys, either accompa-
nied by video vignettes that provided a scenario for evalua-
tion, or targeting participants’ past and ongoing experiences
with robots in their daily or work lives. One study con-
ducted a user test without a formal experimental framework,
and another combined survey data with secondary data on
industrial robotisation. Three studies utilised interviews;
two of these incorporated video vignettes. In one case,
interviews were conducted post-HRI within an experimen-
tal framework.

3.6 Operationalisation of Human Autonomy and
Agency

Operationalisation primarily relied on psychometric scales
or the intentional-binding paradigm, with one study employ-
ing both approaches concurrently (see Table 1). The inten-
tional binding effect refers to the perceived compression
of the interval between a voluntary action and its external
consequence and is commonly used as a measure of sense
of agency [82]. Five studies assessed sense of agency using
the intentional binding paradigm, albeit with varying proce-
dures. In three, participants explicitly estimated the elapsed
time between their action and its outcome [65, 69, 72]. In
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Fig. 3 Identified clusters of
potential human autonomy and
agency influencing factors in HRI

Robot Exposure
[29],[56],[641,[68],[69],[701,[74]

the other two, the interval was inferred from the difference
between the participant-indicated and actual positions of a
clock hand [68, 74]. In two studies, the estimated interval
served as a direct proxy for sense of agency [69, 72]. In the
remaining studies, the interval (or clock-position discrep-
ancy) was baseline-corrected by subtracting values obtained
in a condition without human action, in which actions were
simulated. Most tasks paired a specific action (e.g., a timed
keypress) with a simple outcome (e.g., a tone). Depending
on the research aim, the task was performed with, alongside,
or under the guidance of a robot. In Lombardi et al., the
action was directed at the robot (the participant looked at
the robot), and the outcome was the robot’s subsequent gaze
direction or facial expression [72].

A variety of instruments provided explicit measures
via psychometric scales (see Table 1). Most studies used
or adapted existing scales; however, only two articles
employed the same instrument by La Guardia et al. [46].
Notably, the four studies that did not use established instru-
ments relied on single items, whereas the remaining scales
used at least three items. Recurring item themes included
perceived control, (in-)dependence, choice, being oneself,
free will, alignment of actions with the self, and felt owner-
ship of actions. Among the three articles that assessed sense
of agency with psychometric scales, two used a single item
focused solely on perceived control [65, 70], whereas Yu et
al. employed a multi-item scale capturing perceived con-
trol, free will, responsibility for actions, intentionality, and
planned behaviour [80]. While perceived control and free

Human
Autonomy

Robot

Communication
[65],[72],[80]

Sense of
Agency

Individual

Differences
[29],[511,[77]

In HRI

Robot
Antropo-

morphism
[51],[62],[65],[69]

Robot

Adaptiveness
[43],[45],[501,[69],[77]

will overlap across operationalisations of sense of agency
and human autonomy, elements such as the freedom to be
oneself and to act in line with one’s true self appeared only
in operationalisations of human autonomy [45, 56].

Three studies conducted qualitative interviews but did
not specify the criteria used to classify participants’ state-
ments as pertaining to human autonomy or sense of agency
(see Table 1).

3.7 Human Autonomy and Agency Influencing
Factors

Based on the factors examined across the included studies,
we identified five clusters of variables potentially related
to human autonomy or sense of agency (see Fig. 3). These
clusters are broad but not exhaustive. Accordingly, every
article was assigned to at least one cluster. Studies that mea-
sured human autonomy or sense of agency following inter-
action but did not isolate specific influencing factors were
placed in the ‘Other’ category.

3.7.1 Robot Exposure

Seven studies examined the effects of interacting with,
observing, or merely co-existing with a robot on sense of
agency or human autonomy [29, 54, 56, 64, 68, 70, 74].
Observing a robotic hand perform an action similar to one’s
own increased sense of agency, mirroring the effect of
observing a human hand [74]. In a survey conducted in the
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hospitality and tourism industry in China, employees in roles
involving service robots reported higher human autonomy
[56]. By contrast, robotisation negatively affected human
autonomy when applied to repetitive, monotonous tasks;
paired with social tasks or computer-based work, roboti-
sation showed positive effects [29]. In a tutoring context,
children experienced lower human autonomy when tutoring
a robot compared with tutoring a human [64]. Two indepen-
dent experiments reported a reduced sense of agency when
performing a task with a robot versus alone [68, 70]. Finally,
deploying a social robot as an online learning companion
with basic psychological need-supportive behaviours did
not affect human autonomy [54].

3.7.2 Robot Communication

Robot communication was investigated in three articles,
all referring to sense of agency [65, 72, 80]. In an experi-
ment on movement-path communication by delivery robots
in urban spaces, displaying a robot’s predicted movement
path increased sense of agency, whereas displaying the pre-
dicted path of the approaching human decreased it [80]. In
two experiments, positive or negative facial expression of a
robot was examined, but no effect on sense of agency was
found [65, 72]. However, Lombardi et al. showed that gaze
direction mattered: sense of agency was significantly lower
for an averted gaze than for direct gaze (eye contact) [72].

3.7.3 Robot Adaptiveness

Robot adaptiveness, adjusting behaviour to users’ actual
or presumed needs, was examined in five studies, all based
on the concept of human autonomy [43, 45, 50, 54, 77].
An adaptive tutoring robot offering explanatory feedback
on incorrect answers yielded only descriptively higher
human autonomy than a non-adaptive tutor [43]. A personal
robot that exhibited human-autonomy-satisfying behav-
iours (alongside competence- and relatedness-satisfying
behaviours), such as offering choices to continue or pause,
acknowledging mood, and integrating personally relevant
scenarios, significantly increased human autonomy in a
diabetes-related educational game [45]. In work settings,
assistance provided on an as-needed basis was associated
with higher human autonomy than no assistance or continu-
ous assistance [77]. By contrast, highly interactive support
in adult education (answering domain-specific questions,
allowing users to skip questions, and integrating videos/
tutorials) did not increase human autonomy [50]. Offering
choice alone also had no discernible impact on perceptions
of a learning companion robot [54].
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3.7.4 Robot Anthropomorphism

Four studies investigated anthropomorphism, the attribu-
tion of human characteristics to robots, in relation to human
autonomy and sense of agency [51, 62, 65, 69]. Sahai
reported a higher sense of agency when interacting with a
human or a human-like robot compared with a servomotor
[69]. Perceived human-likeness of a robot in a video vignette
correlated moderately with human autonomy [51]. In con-
trast, sense of agency did not differ when task instructions
were given by a human versus a robot and was highest when
no instructions were given at all [65]. The perceived auton-
omy of the robot itself did not affect the sense of agency.
In a qualitative study of companion robots for older adults,
participants indicated that a humanoid appearance could
either increase or decrease human autonomy depending on
individual preferences and whether the robot was perceived
as paternalistic [62].

3.7.5 Individual Differences

Three studies explicitly examined individual differences
[29, 51, 77]. Among people with prior experience work-
ing with cobots, Kaur et al. found no overall differences
in human autonomy by age or gender; however, as-needed
assistance increased human autonomy among female and
older respondents, whereas no-assistance settings elicited
more human autonomy among younger respondents [77].
Moradbakhti et al. observed that, for male participants,
attributing masculinity to a care robot was positively associ-
ated with higher human autonomy, with a weaker effect for
women; moreover, men’s propensity for stereotyping was
inversely associated with human autonomy in HRI [51]. In
a study of general robotisation effects, no gender differences
emerged; instead, higher education moderated the negative
impact of robotisation on human autonomy [29].

3.7.6 Other

Five studies did not fit the identified clusters [47, 53, 60,
76, 78]. These works observed human autonomy but did not
link it to specific factors or compare outcomes with non-
robot control groups. In a study conducted in a hospitality
context, participants imagining interactions with a service
robot reported satisfactory human autonomy [47]. Users
of an in-home assistive robot for disabled or older adults
also reported experiencing human autonomy [76]. Deploy-
ing a socially assistive robot as an exercise buddy for over-
weight adolescents yielded a descriptive increase in human
autonomy from pre- to post-intervention [78]. In a qualita-
tive study, participants reported feelings of autonomy when
walking with a self-augmentation robot that synchronised
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its gaze with the user during side-by-side communication
and autonomously turned its gaze to show interest upon
detecting a person ahead [53]. Finally, in dementia care, pet
robots appeared to induce resident happiness, which in turn
could increase staff human autonomy by facilitating con-
nection with residents [60].

4 Discussion

Human autonomy is a basic psychological need that, when
satisfied, fosters intrinsic motivation and overall well-being.
Human autonomy and agency are also conceptualised as fun-
damental ethical principles and are embedded in regulatory
frameworks such as the EU’s Al Act and the IEEE’s Ethi-
cally Aligned Design [11, 12]. At the same time, robots are
assuming an increasingly pivotal role across many domains
and are expected to become even more central. It is there-
fore surprising that relatively few empirical studies were
identified, especially compared with the extensive work on
other human factors in HRI (e.g., trust, acceptance) [83].
As this review shows, publications have increased in recent
years—particularly in 2023, suggesting a gradual shift in
research attention toward human autonomy and sense of
agency in HRI. Most studies were conducted in Europe,
particularly within the European Union, potentially reflect-
ing the EU’s push for human-centred innovation [84-86]. A
range of empirical methods was used, predominantly sur-
veys and experiments, with fewer interviews. According to
Edmondson and McManus, nascent fields, where constructs
and their interrelationships are not yet established, call for
qualitative, exploratory research designs, because hypoth-
esis-testing approaches presuppose a level of conceptual
clarity that does not yet exist [87]. The relative scarcity of
qualitative work in the reviewed literature is therefore note-
worthy and may limit the field’s ability to identify relevant
constructs and mechanisms. Studies were distributed across
contexts (education, health and care, industry, hospitality),
with effect directions varying within each thematic cluster
rather than aligning with specific domains (see Sect. 3.7);
however, given that most domains are represented by only
one or two studies, systematic comparisons across contexts
are not yet feasible. The frequent use of commercially avail-
able robots such as Pepper, Nao, and Cozmo likely reflects
their accessibility and cost-effectiveness. While converging
on similar platforms can facilitate comparability, it may also
constrain methodological flexibility.

4.1 Human Autonomy and Sense of Agency:
Conceptual and Methodological Distinctions

The definitions used for human autonomy and sense of
agency reflect two largely separate research strands: one
grounded in human autonomy (or the need for autonomy)
as a basic psychological need rooted in SDT within motiva-
tional psychology, and the other grounded in the neurosci-
entific concept of sense of agency. We did not identify work
that integrates these perspectives. Regarding operationalisa-
tion, sense of agency was predominantly measured implic-
itly via the intentional binding paradigm, whereas studies on
human autonomy relied exclusively on psychometric scales.
In the few cases where sense of agency was assessed with
a psychometric scale, we observed both overlap and diver-
gence relative to human autonomy measures. Overall, the
operationalisations highlighted differences more than simi-
larities. Nevertheless, perceived control appears to be a com-
mon denominator, defining for sense of agency and, at least
instrumentally, an important aspect of human autonomy as
well [27, 32]. This overlap is consistent with the question
raised in the Introduction of whether sense of agency may
constitute a prerequisite for human autonomy, a relation-
ship that remains to be empirically tested [35]. Given these
methodological and theoretical divergences, this section
contributes by documenting the distinct research strands
and identifying perceived control as a shared element. We
treat human autonomy and sense of agency separately in
the sections that follow, not because they necessarily repre-
sent distinct constructs, but because the reviewed evidence
does not yet permit conclusions about their equivalence or
hierarchy.

4.2 Human Autonomy and Agency Influencing
Factors

Although research on the sense of agency and human auton-
omy in HRI remains limited, five thematic clusters of exam-
ined factors can be identified: robot adaptiveness, robot
communication, robot exposure, robot anthropomorphism,
and individual differences. No cluster showed a clear trend
regarding whether specific factors positively or negatively
affect human autonomy or sense of agency. Nevertheless,
these clusters provide an initial set of factors worthy of
deeper investigation.

Robot Exposure: Many studies measured the effects of
interacting with, working alongside, or observing a robot on
human autonomy or sense of agency. As expected—given
the absence of explanatory variables in some studies and
the heterogeneity of scenarios (e.g., observing a robotic
hand vs. robotisation in industry) [29, 74], the findings were
diverse. Consequently, no general conclusion can be drawn
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about the direction of robots’ influence on human auton-
omy or sense of agency per se. Still, it shows that exposure
to robots can alter perceptions of autonomy and sense of
agency. The direction of this effect likely depends on how
the robot is deployed and used—for example, whether users
gain meaningful choices [30]. Moreover, research on accep-
tance and trust indicates that individual differences (e.g.,
attitudes toward and experience with robots) shape how
HRI is perceived, and a comparable influence is conceivable
for human autonomy and sense of agency [88, 89].

Robot Communication: Janssen and Schadenberg’s
guidelines for well-being-oriented social robots underscore
the importance of communication and its potential impact
on human autonomy across all METUX spheres [28]. They
emphasise non-controlling styles, acknowledging human
feelings, and providing rationales for actions and requested
behaviours. Notably, we found no study directly examin-
ing robot communication effects on human autonomy, only
on sense of agency. Yu et al. demonstrated how controlling
communication can be as subtle as visualising an anticipated
human movement path [80]. Although participants were not
instructed to follow the path, they felt pressured to comply
with the robot’s prediction, lowering their sense of agency.
Gaze, an essential component of human communication,
also influenced sense of agency [72]. Eye contact is hypoth-
esised to trigger self-awareness and thus elevate sense of
agency via self-referential processing [90-92]. Gaze further
signals intentions, supports turn-taking, and can help build
a social bond between interaction partners [93, 94]. Such
a bond may instil relatedness, another psychological need
that can, in turn, bolster human autonomy [15]. Interest-
ingly, a robot’s facial expression (positive or negative) did
not affect sense of agency [65, 72], which contrasts with
theories suggesting people claim responsibility for positive
outcomes (i.e. a positive expression) more than negative
ones to protect self-esteem [95]. Because the valence of the
robot’s expression was randomised, participants could not
predict outcomes. Consistently, Yoshie and Haggard found
that when emotional outcomes are predictable, negative
outcomes reduce sense of agency, whereas randomised out-
comes show no such effect [96].

Robot Anthropomorphism: Anthropomorphism is a
well-known design factor, including the often undesirable
uncanny valley effect [97]. Extensive research has shown
that anthropomorphism can shape perception and accep-
tance [98, 99]. In this review, no clear effect emerged for
either sense of agency or human autonomy, yet several
mechanisms are plausible. At the interface level, greater
anthropomorphism may enhance intuitiveness and free
cognitive resources, fostering feelings of independence and
choice. Conversely, anthropomorphic robots may be per-
ceived as threats to one’s abilities or as paternalistic [62].
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Human-like features can also blur the line between robots
as tools and as living beings, potentially encouraging decep-
tion or undesirable user behaviour, such as diverging from
one’s own values [100-102]. Decisions about the level and
specific features of anthropomorphism, therefore, warrant
careful consideration.

Robot Adaptiveness: Robots’ adaptiveness to users’
needs can enhance human autonomy, but only when guided
by effective interventions, sound design choices, and sen-
sitivity to individual differences. The mixed results in this
review illustrate the challenge. Henkemans et al. showed
that adopting recommendations from related domains (e.g.,
educational practice) can be a useful starting point for
designing robots that foster human autonomy [45]. As noted
by Formosa, the nature of the choice offered (meaningful vs.
unimportant) is crucial [30]. Simply adding options does not
necessarily increase human autonomy [54]. Although we
did not identify HRI studies examining adaptiveness effects
on sense of agency, HCI findings indicate that technological
or algorithmic assistance does not monotonically increase
sense of agency [103, 104]. Instead, a threshold or tipping
point appears beyond which assistance becomes counter-
productive. Similar HRI experiments could help calibrate
adaptiveness so that assistance remains below this tipping
point.

Individual Differences: Demographic variables such as
age, gender, and education play a substantial role in tech-
nology design and acceptance, and this review suggests the
same may hold for human autonomy in HRI [105, 106].
However, no clear trends emerged for age or gender, and
only one study identified a moderating role of education.
The three studies addressing individual differences focused
on human autonomy, though evidence suggests that age
may also relate to variations in sense of agency [107]. Nev-
ertheless, it is important to note that it is the demographic
variables underlying values, beliefs, or changes in cogni-
tive abilities that are the reason for their influence [108,
109]. Thus, examining demographics alone is insufficient
to explain their potential influence on sense of agency and
human autonomy.

To summarise, interacting with, working alongside, or
even merely observing robots can affect human autonomy
and sense of agency; the extent and direction of these effects
depend on how robots are implemented and deployed. Subtle
controlling cues in communication can undermine agency,
whereas establishing gaze contact may offer a straightfor-
ward means to foster it. Anthropomorphic features should
be introduced cautiously and tested thoroughly. While
adaptiveness is generally beneficial, assistance should not
be treated as a “more is always better” feature. Finally, a
nuanced understanding of prospective users and the indi-
vidual differences that shape their experiences is essential.
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4.3 Links to METUX

The METUX framework by Peters et al. delineates six
spheres of experience through which technology can affect
the psychological needs of autonomy, competence, and
relatedness, as established in SDT. Building on this frame-
work, Janssen and Schadenberg proposed design guide-
lines for social robots. We connect the results and articles
identified in this review to METUX in two ways: first, by
assessing how human autonomy and sense of agency were
measured and to which interaction sphere they relate; sec-
ond, by examining HRI designs and implemented factors
and linking them to the guidelines and their respective
spheres.

First, none of the included studies explicitly grounded
their work in METUX, employed its sphere-specific
instruments, or used the guidelines to design interactions.
Nevertheless, most measures used map to the interface or
task spheres. Only a few items unambiguously align with
a single sphere (e.g., “I am able to choose or change the
order of tasks” [29]). In most psychometric scales, the con-
textual detail was insufficient to distinguish whether items
referred to the robot’s interface or the task performed with
the robot (e.g., “The service robot gives me various options
and choices.” [47]). This lack of differentiation compli-
cates interpretation because enhancing human autonomy in
one sphere may not translate to, and can even undermine,
autonomy in another [24]. Sense of agency operationalised
via the intentional binding paradigm presents an instructive
case: intentional binding captures the immediate, pre-reflec-
tive coupling between an action and its effect, primarily
reflecting interface-level interaction mechanics. It may also
secondarily map to the task sphere when interpreted as felt
control over a robot-supported task. Crucially, it remains to
be tested whether sense of agency at the interface or task
level relates to the satisfaction of human autonomy. If so,
intentional binding could be a valuable complement to
instruments measuring human autonomy in these spheres.
Regarding the adoption sphere, only Coghlan et al. included
an open-ended question capable of revealing autonomy-
related adoption patterns (“Would you want to use them
and why? If not, why not?” [62, p.5]), yet their results did
not indicate whether adoption was controlled or autono-
mous [24, 110]. Adoption in HRI currently appears more
frequently framed through the Technology Acceptance
Model (TAM) or Unified Theory of Acceptance and Use
of Technology (UTAUT) than through human autonomy or
sense of agency [111-113]. At the other end of METUX,
the behaviour and life spheres concern sustained, real-world
behaviour change and broader well-being. HRI evaluations
remain predominantly short, lab-based, and task-focused,
mapping neatly onto METUX’s interface and task spheres

but not to the longer time horizons required for behaviour
and life. Accordingly, only the interviews in Koh et al. and
Coghlan et al. offer insights aligned with these spheres: Koh
et al. reviewed staff reflections on longer-term, real-world
interactions in dementia care, and Coghlan et al. elicited
prospective reflections on anticipated long-term effects [60,
62].

Comparing the implemented HRI factors in the articles
with the guidelines revealed overlaps and differences. For
the interface sphere, the findings support the proposition
that non-controlling communication and offering options
for interaction modes could contribute to human autonomy
at the interface level [76, 80]. In addition, studies on gaze
direction, robot gender, and perceived human-likeness sug-
gest further interface-level levers to foster human autonomy
and sense of agency beyond the current guidelines [51,
69, 72]. At the task level, Henkemans et al. illustrate the
effectiveness of guideline-aligned design, i.e., providing
meaningful choices, acknowledging moods and feelings,
and offering rationales grounded in personal scenarios [45].
Other studies similarly underscore the importance of choice
over robot-performed tasks and task characteristics [76, 77].
Findings by Nikolova et al. further indicate that task type
and individual differences can moderate outcomes, under-
scoring that “one-size-fits-all” solutions are unlikely [29].
Unlike at the interface level, we did not identify task-level
aspects that clearly challenge or expand the proposed guide-
lines. With respect to the behaviour sphere, Swift-Spong
et al. deliberately integrated affective, positive messaging
from the robot to promote a target behaviour (increased
exercise) [78]. While Janssen and Schadenberg assign posi-
tive feedback to the interface sphere as competence support,
Swift-Spong et al.’s rationale suggests such feedback may
also be beneficial at a behavioural level. Finally, qualitative
interviews in Coghlan et al. and Koh et al. highlight poten-
tial threats to autonomy at the life sphere, over-attachment
disrupting routines and assistance contributing to cogni-
tive or physical decline and increased dependence, both of
which are acknowledged in the guidelines [60, 62].

In summary, none of the articles explicitly applied
METUX; most focused on interface and task spheres,
often without a clear distinction, complicating interpreta-
tion. Sense of agency, frequently assessed via intentional
binding, remains insufficiently linked to broader human
autonomy satisfaction and warrants further investigation.
Adoption was rarely examined through an autonomy lens,
and behaviour and life spheres were addressed only spo-
radically via qualitative work, revealing a gap in long-term,
real-world evaluations. When comparing implemented
HRI factors with existing guidelines, we found support for
established recommendations at the interface and task lev-
els, and identified additional aspects (e.g., gaze direction,
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robot anthropomorphism) that could enrich guideline devel-
opment. At the behavioural level, positive feedback may
promote desired outcomes beyond competence support.
Identified threats at the life sphere, such as over-attachment
or increased dependence, align with and further motivate
the guideline cautions.

4.4 Limitations

This review has several limitations. Despite an iterative
keyword strategy intended to ensure comprehensive cover-
age, two relevant articles were identified post hoc via col-
leagues and were not captured in the initial search. Turja
et al. examined differences in satisfaction of the need for
human autonomy between robotised and non-robotised
workplaces in Finland, finding that psychological needs,
including autonomy, were more frequently satisfied in non-
robotised workplaces [114]. Dammers et al. reported a user
study testing the impact of different collaboration types in
HRI on perceived human autonomy; they found no sig-
nificant differences across collaboration types, although
the highest level of collaboration yielded the descriptively
highest human autonomy [115]. The first article was missed
because it used the term “basic needs” rather than “basic
psychological needs,” and the second was not indexed in
any of the five databases searched. This underscores the
importance of using widely adopted terms while accounting
for simple lexical variants and of ensuring that articles are
indexed in major databases.

Although the authors, as two independent coders, con-
ducted the full-text assessment and final coding, the initial
identification and first screening were not independently
duplicated, which may have introduced selection bias.
Moreover, while discrepancies were reconciled through
discussion, inter-rater reliability statistics were not com-
puted. A formal quality or bias assessment was also not per-
formed, which may have led to inclusion of studies with
quality issues (e.g., single-item measures [76]). However,
our objective was to foreground thematic patterns, lay a
foundation for a joint research area on human autonomy and
agency, and acknowledge heterogeneity rather than impose
narrow quantitative quality judgments.

Our review drew on five large scientific databases; nev-
ertheless, constraining the source pool may have excluded
relevant work elsewhere.

Finally, we did not conduct a meta-analysis of quantitative
results. Although meta-analysis can strengthen inferences, it
was not appropriate here due to pronounced conceptual and
methodological heterogeneity across the reviewed articles.
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4.5 Research Opportunities and Recommendations

While human factors such as acceptance and trust in HRI
have been extensively studied, comparable work on human
autonomy and sense of agency remains limited. Given
the importance of human autonomy, there is a clear need
to determine how robots should be designed, adapted, and
introduced to support it. This review represents an initial
effort to collate and cluster empirical research on the topic.
Although we identified clusters of potential influencing fac-
tors, the field is still emerging. We therefore outline several
research opportunities and recommendations.

First, investigate whether and how sense of agency and
human autonomy relate to one another. Empirical studies
that integrate both concepts could help establish whether
a systematic connection exists or contribute to a more
nuanced understanding of their distinctiveness.

Second, adopt established definitions and instruments
to build a more comparable evidence base. Standardisation
will increase the visibility of relevant research and facilitate
future meta-analyses.

Third, develop a fine-grained understanding of the fac-
tors that contribute to human autonomy and sense of agency
in HRI. Empirical work should leverage frameworks such
as METUX and the derived guidelines, and draw on related
findings (e.g., autonomy-supporting behaviour in work con-
texts; acceptance and trust research) [24, 28, 83]. In addi-
tion, exploratory and qualitative approaches are valuable for
uncovering candidate factors and mechanisms, reducing the
likelihood of “one-shot” studies [28].

Finally, investigate individual differences beyond demo-
graphics, such as the Big Five and causality orientation, to
understand how these traits relate to variations in human
autonomy and sense of agency and to advance truly human-
centred HRI [116, 117].

5 Conclusion

The exploration of human autonomy and sense of agency
in HRI is increasingly significant, as robots are poised to
become indispensable across domains. This literature review
underscores the urgent need to design and introduce robots
in ways that preserve and promote people’s autonomy and
sense of agency, thereby supporting overall well-being.
The present findings indicate that empirical research in
this area remains nascent, with two primary strands: one
rooted in self-determination theory, examining human
autonomy (or the need for autonomy) via psychometric
measures; and the other grounded in the neuroscientific
notion of sense of agency, often employing the intentional
binding paradigm. Integrative work bridging these strands
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is currently absent. Evidence suggests that factors such as
robot adaptiveness, communication style, anthropomor-
phism, and individual user differences shape how human
autonomy and sense of agency are perceived and experi-
enced in HRI settings. However, the literature is relatively
fragmented, with substantial variation in contexts, study
designs, and instruments. Mapping our findings to the
METUX framework indicates that current articles mainly
address interface and task spheres. Comparing results with
METUX and SDT-derived social robot design guidelines
supports elements such as non-controlling communication
and meaningful choices, while highlighting opportunities
for extension regarding anthropomorphism and positive
feedback.

Building on these observations, future research should
investigate whether and how sense of agency and human
autonomy relate to one another. Furthermore, definitions
and instruments should be standardised to enhance the reli-
ability of cross-study comparisons. By conducting further
exploratory research, integrating factors identified in con-
texts outside HRI, and applying existing theoretical frame-
works (e.g., METUX and the design guidelines), researchers
can broaden the set of influential factors and leverage them
in forthcoming studies.

Technology should be designed and deployed to foster
human well-being; without this overarching goal, techno-
logical progress loses its purpose. Robots are no exception,
and, given their envisioned roles as companions or col-
leagues, occupy a special position. Consequently, they are
poised to intersect with aspects of human life that have his-
torically been exclusive to human interaction.
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