
  

 

Abstract— Robots are expected to become a significant part of 

our lives in the future. In this conceptual paper, we discuss how 

(social) agency is ascribed to robots and how this form of 

machine agency can be conceptualized for an analysis of socio-

technical systems. Further, we develop a typology of autonomous 

artificial agents which can be used to address their social impacts 

within a socio-technical system. We conclude by outlining 

implications for designers and advancing an agenda for future 

research. 

I. INTRODUCTION 

Autonomous artificial agents are being assigned more 
social roles in today’s society – with professional service and 
leisure robots penetrating the private spheres, and 
consequently, our everyday lives. This presents a need to 
better understand the impact of said agents on society and its 
social fabric. To explore the threats and challenges that are 
associated with their integration into society, an analysis of 
the domains in which they are already implemented, and the 
domains in which they potentially can or should be used is 
required.  

Over the last decade, advances in the field of artificial 
intelligence (AI) have made certain passive entities active 
and agents. Automation, which was principally focused on 
the physical functions has now found his way to impact 
cognitive functions as well [1]. Social robots, self-driving 
cars, smart ambient home systems are all examples of 
cognitive computing systems that are designed to work 
through tasks without human intervention. These agents have 
embedded capabilities such as learning, adapting, reasoning 
and interacting naturally with humans. They facilitate the 
decision-making process by analyzing a variety of data, 
offering suggestions or performing automated actions. 
Nevertheless, it is generally accepted that these systems have 
a certain degree of autonomy and can make decisions 
independently [2]. For example AIBO, a social robot 
developed by Sony, can move and communicate 
autonomously with humans [3]. Taking into account the 
autonomy of these robots, the previously applicable forms of 
accountability need to be reconsidered. Indeed, developments 
in the field of artificial intelligence suggest an increase in the 
agency of machines, as we are assigning them roles and 
thereby control that would have been in human hands. 
However, the unpredictability of the actions undertaken by 
autonomous artificial agents while they are not fully 
controllable by a human leads to situations where such 
agency becomes an issue [4].  
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Scholars have long debated the impact of machine agency 
on the diffusion of responsibility. Boos et al. [5] argued that 
users can only be held accountable if they can understand, 
predict and influence the work process. This approach 
emphasizes the fit between an actor’s control capabilities and 
the capacities of machines While attributing responsibility is 
the social function of being in control (i.e. sense of agency) 
[6], the current robots cannot be held responsible. In addition 
to legal accountability of the robots, machine agency is 
relevant for improving the users’ acceptance of human-
machine interactions [2], [7], building trust in this 
relationship [8] and analyzing the ethical implications of 
smart technologies [9]. Overall, for successful cooperation in 
such a socio-technical system, where humans are supported 
by technologies, a mindful consideration of the social 
components of human-artificial agent interaction is 
necessary. Currently, there is only anecdotal evidence of the 
social impact of robots, and the concept of machine agency 
has not been clearly defined [10]. All these arguments exhibit 
a need for a fresh look at concepts such as machine agency. 

In this conceptual paper, we have two objectives. The 
first objective is to improve the general understanding of the 
notion of machine agency and critically analyze how robots 
affect possibilities of the agency. To this end, we build on the 
work of Rose and Turex [11] to develop a typology that 
identifies four types of autonomous artificial agents. By 
classifying the agency of machines according to certain 
dimensions, one may be able to understand the ontological 
difference between human and autonomous artificial agents. 
For the second objective, we use the proposed typology to 
explore social issues encountered in practice. The academic 
literature on computers-are-social-actor (CASA) has 
established that social responses to computers fall under 
natural reactions to social situations and thus the principles 
drawn from sociology and social psychology are relevant for 
user interface design [12]. Therefore, we seek to assess 
whether machine agency can be considered social affordance, 
by investigating the role of the autonomous artificial agents 
in the context of social interaction. 

Throughout this paper, the terms autonomous artificial 
agent and robots are used interchangeably to refer to physical 
robots. They are developed based on the “sense-think-act 
paradigm” [12, p.164]. As such they are able to sense the 
environment through their sensors, decide how to respond 
through their processors and act on it through their actuator to 
pursue its own agenda for an extended period of time without 
human intervention [13]. Therefore, software robots that can 
autonomously perform a virtual task are outside the scope of 
this typology. Furthermore, our analysis focuses on socio-
technical systems, a term which has been used to describe 
systems that contain complex interaction between human, 
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machine and the present context [14]. Examples of such a 
system could be found in work settings where human agents 
interact with robots to get a given task done but also at home 
where people interact with smart technologies. 

II. AGENCY 

A. Essence of agency 

The integration of machine and human networks have led 
to a renewed interest in the notion of agency due to the 
advances in cognitive computing. Disagreements persist 
about the domain of agency and adding the prefix “machine” 
further exacerbates this definitional debate. The Merriam-
Webster Dictionary defines agency as ‘the capacity, 
condition, or state of acting or of exerting power; a person or 
thing through which power is exerted or an end is achieved’ 
[15]. While previous research has addressed several 
properties of an agency such as self-organizing, self-re-
activeness, self-reflectiveness [16], forethought and self-
consciousness [9], there is no single attribute that can make a 
distinction between agents and non-agents. A possible 
explanation for this might be that the concept of agency is 
rooted in various disciplines along with social sciences. In 
economics, agency is referred to as a common mode of social 
interaction. The theory of agency [17] describes an agent as 
the party that is authorized to perform an action under the 
control of another party, namely the principal. In sociology, 
agency is used as opposed to “structure”, and an agent is 
defined as an entity that acts independently[18] [19]. In 
philosophy, goal-orientation is the main domain in studying 
agency. For instance, Aristotle’s theory of change defines 
agency as the precondition of change. Change is a directed 
process when an agent acts on a patient. According to the 
standard theory of action [20], an action is intentional when it 
is caused by certain mental states. The event-causal 
relationship between intentional action and mental state of an 
agent is the most widely accepted view in the contemporary 
philosophy of mind and action [20]. However, explaining 
agency in terms of desire, intention and beliefs, or in general 
as mental states, does not imply that the possession of a 
mental state is identical to having agency. What is crucial for 
human agency is the capacity to process the contents of these 
mental states in a way that not only the intentional action is 
caused by the right mental states, but also the agent is able to 
justify it [20]. Moreover, the causal effect of mental states 
needs to be interpreted with caution, since an action is not 
necessarily caused by conscious intention but, according to 
Wegner’s model of apparent mental causation, the intention 
leads the action[20]. Intentionality drives and directs our 
actions and accordingly is an important property of an 
agency. 

It is now well established from a variety of studies that 
agency of machines differs from human agency. Robots 
neither possess certain traits such as trust, altruism and 
irrationality [8] nor are they yet able to set their own goal and 
reason about consequences of their actions [21]. As a result, 
the concurrence of action and self-conscious intention starts 
to disappear, and autonomous artificial agents still rely 
strongly on human interaction and their societal intentions.  

Many theoretical concepts have been developed to 
understand aspects of what we call machine agency. While 
some researchers agree that robots can also have some sort of 

agency, the interpretation of the machine agency varies. 
Current literature on socio-technical systems particularly 
focuses on the interrelated development of social and 
technical aspects of systems such as our organizations [22] 
[23] . Using such technological determinist and social 
constructivist approach, researchers have been able 
to provide important insights into the complex interactions 
between humans and technology. For example, the 
sociomateriality theory[24] focuses on the inseparability of 
the social and the material features and views agency as the 
capacity for action that is distributed through socio-material 
practices. While Gidden’s structuration theory considers 
agency as a property that belongs only to humans, Latour’s 
actor-network theory,  however, considers it as a collective 
capacity for actions by humans or machines and makes no 
difference between entities in a socio-technical system [25]. 
This similarity between human and machine actors is not 
attributed to the character of the agency but their contribution 
to the agency of a network. Whatmore also describes agency 
as ‘a relational achievement, involving the creative presence 
of organic beings, technological devices and discursive 
codes’[26]. The double dance of agency model of Rose and 
Jones also focuses on the relation and interaction between 
human and machine subsequently indicating that human 
agency outlines and reacts to machine agency [25]. The 
intended action, whether performed by autonomous artificial 
agents or human agents, requires the interaction between a 
technical function and intentional behavior. In brief, machine 
agency is not an external pre-determined capacity that can be 
embodied in a technological system; it is rather an emerging 
phenomenon in the socio-technical systems where the human 
and machine are interacting in accordance to their own roles 
[27]. 

Furthermore, empirical evidence suggests that people 
attribute agency to non-human entities[7], [28]. This 
highlights the role of our perception about the agency of an 
entity. A seminal study in this area is the work of Rose and 
Turex [11] which relates perceived agency of machines to the 
human tendency towards anthropomorphism and describes 
machine agency as the extent to which machines are 
perceived by humans as having autonomy. In view of these 
arguments, it seems appropriate to analyze the problem in 
terms of when and how (social) agency is ascribed to 
machines. 

People interacting with artefacts such as Wilson (Chuck’s 
imaginary friend in the movie Castaway) or Buddy 
(companion robot developed by Blue Frog robotics) as they 
were actual human is nothing new. Perhaps this relates to our 
tendency  to apply what we already know to make sense of 
the situation. For instance, it is argued that the ideal interface 
for a human is a human [29]. Anthropomorphizing robots 
aims to enrich the quality of human-robot interaction. Indeed, 
we have the tendencies towards attributing human-like 
characteristics (such as agency) to anything that is 
imprecisely lifelike. Previous studies have found different 
features that are related to our perception of machine agency, 
such as adaptability [13], purposeful-looking movement [30], 
complementary personalities [3], and humanlike appearance 
[2]. Overall, autonomy in actions of machines seems to be the 
important anthropomorphic cue for attributing agency to 
them.  
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B. Autonomy 

Autonomy is a combination of two Greek terms, auto 
(self) and nomos (governance) and is expressed in two 
dimensions of self-directedness and self-sufficiency [31]. 
While former describes the agent’s capability to take care of 
itself and creates its own agenda, the latter describes the 
extent an agent is interdependent on external control. Taking 
these concepts into account, we can conceptualize what an 
autonomous agent is. However, the concept of autonomy is 
often confused by free will and free act that are strongly 
associated but not necessarily the same. According to 
Frankfurt [32], a person acts freely when the desire on which 
she acts is the desire she wants to be action-causing. In other 
words, she is not acting freely when her action is caused by 
none of her own desires. This applies to the situations where 
people claim that they were forced to act in a certain manner. 
For instance, even if an action is not directly based on the 
desire to perform that action but corresponds to a desire to 
have a certain desire (second-order desire), they have acted 
freely. Frankfurt also suggests that in addition to freedom of 
action, one can also have freedom of will. A person has free 
will when she is able to make any of her desires effective. 
When, due to external forces; for instance, a 
neurophysiologic implant, the effective desire has been 
manipulated, one has no free will. For example, even if a 
person acts according to the advice of a robot, as long as this 
suggestion corresponds to the desire that one wants to have, 
one has free will [33]. Therefore, we can conclude that the 
notion of autonomy rests on both free will and free action. 

In the field of AI, the dominant understanding of 
autonomy is behavioural, i.e. refers to the extent to which 
robots can perform tasks independently [34] [35].  Bekey 
defines autonomy in robots as ‘the capacity to operate in the 
real-world environment without any form of external control, 
once the machine is activated and at least in some areas of 
operation, for extended periods of time’[36, p. 18]. 
Therefore, their capability to operate or make decisions 
autonomously is relative to a set of pre-defined tasks and to 
the situation at hand. To assess the perceived autonomy of a 
system, the notion of “level of autonomy” has been used 
[34]. For instance, self-driving capacity of a car is measured 
on a 0-5 scale of autonomy in which 0 = All major systems 
are controlled by humans, 1= Certain systems, such as cruise 
control or automatic braking, may be controlled by the car, 
one at a time, 2= The car offers at least two simultaneous 
automated functions, like acceleration and steering, but 
requires humans for safe operation, 3= The car can manage 
all safety-critical functions under certain conditions, but the 
driver is expected to take over when alerted, 4= The car is 
fully-autonomous in some driving scenarios, though not all, 
and 5= The car is completely capable of self-driving in every 
situation[37]. The different degrees of autonomy is, therefore, 
a matter of technological progress. Conceptualization and 
design of a machine and are ascribed to it. In other words, 
autonomy is a subjective notion. In case of an autonomous 
artificial agent, autonomy is granted to the agent, guided 
through pre-defined goals, set by a principal and restricted 
through certain boundary conditions. Within these 
boundaries, autonomous artificial agents have some level of 
autonomy in their operation to achieve the goal that cannot be 
transferred onto other purposes or contexts. 

In summary, these arguments support the idea that, within 
a socio-technical system, humans attribute agency to robots 
as a delegated authority. The human may distribute certain 
tasks to a robot and may grant it a certain degree of autonomy 
to make certain decisions, thus, within certain boundaries (i.e. 
the specific context and purpose the autonomous artificial 
agent was designed for which is guided through the goal 
function). However, this delegation of decisions to 
autonomous artificial agents does not exempt the human from 
responsibility for the consequences of the delegated 
decisions, as it would be the case when the decisions were 
distributed among the two agents. Clearly, there exists a 
hierarchical relationship between the human and the machine, 
in which the final control and responsibility always remain 
with the human; be it designers, operators, manufacturers, or 
owners. By integrating these reviews, we suggest the 
following definition: 

Machine agency is the capacity attributed to machines to 
evoke changes within a socio-technical system by 
autonomously carrying out a task to reach a certain goal. 

  

III. TYPOLOGY 

Based on the proposed definition of machine agency, we 
can develop a typology in which different types of 
autonomous artificial agents can function as a theory [38]. In 
this paper, we conceptualize autonomous artificial agents in 
four different types: Non-AI marginally autonomous agents, 
AI marginally autonomous agent, AI semi-autonomous 
agent, and AI pseudo-autonomous agent. These types attempt 
to capture the potential antecedents, processes and 
consequences among the different types of autonomous 
artificial agents using several dimensions. Though these 
agents are technology-based systems, major differences exist 
among them in terms of how they control the input-output 
cycle, pursue the goal and the extent to which they can 
perform tasks independently. Table I summarizes the main 
differences among four autonomous artificial agents.  

A. Non-AI marginally autonomous agents 

Non-AI marginally autonomous agents are programmed 
to carry out repetitive series of movements to achieve the 
user’s goal until they are deactivated. Hence, the human 
agents have the full control over their execution. The 
autonomous capability rests on their ability to perform the 
required task without any input after being programmed. The 
tasks are not complex, and therefore these agents are not 
equipped with capabilities such as learning, reasoning or 
interacting with human agents. For instance, the simple 
Cobots [36] is programmed to carry an object and place it 
somewhere. Their response selection is, therefore, context-
specific, a fixed repetitive series of movements in a 
predefined manner. For example, a thermostat can neither 
turn the lights down nor forecast the temperature as it doesn’t 
fall under its typical use scenario.  

B. AI marginally autonomous agents 

AI marginally autonomous agents react to its environment 
and run without continuous direct supervision to perform 
more complex tasks. It relies on AI algorithms or rules to 
solve a problem such as identifying a pattern in a large data 
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TABLE I.       TYPOLOGY OF AUTONOMOUS ARTIFICIAL AGENTS 

Type Non-AI marginally autonomous 

agents 

AI marginally autonomous 

agents 

AI semi-autonomous agents AI pseudo-autonomous agents 

Goal setting 
No AI is required to achieve the 
goal 

AI is required to achieve the 
goal 

AI can adapt the goal within 
certain limits 

AI can fundamentally change 
the goal, if necessary 

Control structure   Rule-based, non-AI programming AI algorithms Heuristic algorithms, Fuzzy 
Virtual neural networks, 

autonomous control 

Autonomous 
capability 

Auto-moving  Auto-analysing Auto-learning  Auto-organizing 

Range of decision 

making by agent 
- 

No uncertainty 

with human override  

Low uncertainty                    

with human override 

Uncertain  

with human override 

The extent of 

Human control 
Human full control Human pre-defined limits Human pre-defined limits Human guidance 

Response selection Context specific Context specific Context specific / Variable Variable 

Accountability Human  Human  Human Human(?) 

Example 
Classic thermostat 
“Cobot” 

Weather station 
“Wizard-chess” 

Current Self-driving cars 
“Gita” 

“Survivor” 

 

set or playing games such as chess and maze[39]. They have 
autonomous considerations built into their design to analyze 
the context and modify their action within pre-defined limits 
set by humans. Their performances do not expand to another 
context without human intervention, as they are not able to 
re-encode into another representation. However, they can 
control their action so as to maintain their effectiveness 
according to the rule or regulation that are set [40]. The type 
of decision made by the agents contains no uncertainty, as 
they are used in a known environment.  

C. AI semi-autonomous agents 

AI semi-autonomous agents are designed based on 
heuristic algorithms or fuzzy control technique which 
provides a mechanism for incorporating human-like 
reasoning capabilities and computationally in control systems 
[41]. Therefore, they can adapt the goal setting within certain 
limits. They can direct the user to act in a certain way by 
preventing them from doing certain acts or performing the act 
on their behalf. The type of decisions made by semi-
autonomous agents can contain a low level of uncertainty, as 
they are equipped with context awareness and learning 
capability to improve from their experience and user 
feedback. For example, Gita robots [42] learn how to 
navigate complex spaces by trailing the user. Their decision 
making occurs in pre-delegated modes, in which the human 
agent authorizes the automated action to be taken based upon 
certain prescribed conditions and criteria [43]. They can 
identify, process relevant information about a situation, and 
make sensitive determinations about what should be done. 

D. AI pseudo-autonomous agents 

AI pseudo-autonomous agents are able to organize 
themselves. This requires the ability to self-construct the 
means and laws of operation in order to imply satisfactory 
performance under unexperienced situations and make up for 
system breakdown without any need for external control [44]. 
Therefore, they should be able to utilize their know-how to a 
different context and adapt their goal setting. Reflective 
capabilities on goal setting require integration of autonomous 
artificial agents into the system of human agents, combined 

with developing AI capabilities that aim for a cyber-
subconscious level of decision making on behalf of the 
human agent [42]. They are designed based on autonomous 
control; a decentralized decision-making process which 
assumes interacting elements in non-deterministic systems 
and that are able to interact with other objects, process 
information, evaluate alternatives and thereby make decisions 
on their own. [35]. Examples of this type of autonomous 
artificial agent are in their research and development phase 
(see [45] for more details and examples). Survivor [46], for 
instance, is an autonomous UAV that has to some extent self-
assembly feature in which it can heal itself.  

IV. DISCUSSION AND OUTLOOK 

Attributing agency to machines caused a vast amount of 
discussion about the social consequences of the application of 
autonomous artificial agents in socio-technical systems. 
Evidence suggests that robots are expanding their roles in the 
society and due to this social penetration, new ways of 
interactions between human and robots are taking place. 
From a social psychological perspective, the subjective 
willingness of humans to accept this interaction is more 
relevant than the objective capabilities of the robots [47]. 
This typology may have implications for theories addressing 
the outcomes of the human interactions with autonomous 
artificial agents on human-human interaction.  

Primarily, it is necessary to consider what makes 
interaction with an autonomous artificial agent ‘social’. In 
practice, interaction with robots is considered social when the 
human-robot interaction is the crucial constituent of that 
autonomous artificial agent’s behavior [9]. For example, 
Buddy and Jibo are made to serve as social companions as 
they are able to communicate with voices or gestures, have 
better sensors and actuator to be aware of their surroundings. 
Therefore, interaction with them is considered social. From a 
theoretical point of view, an interaction is social when the 
intention, emotion and action of two parties are mutually 
oriented with each other [48]. We interact with others 
according to our interpretation of the stimulus we receive 
from them [49]. The interpretation is a flexible social 
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construct which depends on the context and the party 
involved [50]. It helps us to clarify what to expect from the 
other party and goes on to be the basis for our future 
interactions. Autonomous artificial agents are equipped with 
different formats, dynamics and functions, which permit and 
encourage different kinds of interactions. In terms of 
intention, autonomous artificial agents (except AI pseudo-
autonomous agents) are not self-governed, but the goal or 
purpose is programmed and defined for them. Further, they 
do not have internal emotional states but are able to use 
synthetic emotions to communicate with people [36]. Even 
when a robot says that it is happy for you, it does not 
necessarily mean that it feels happiness, but only that it is 
using an emotional language to interact with humans. 
According to Searle [51], the current type of artificial 
intelligence that we see in robots is “weak AI” as it only 
simulates the ability to understand. They are interactive and 
able to identify additional information to adjust the meaning 
and provide a proper reaction [52]. To conclude, the 
perception that is interacting with an autonomous artificial 
agent is a social interaction increase from non-AI marginally 
autonomous agents to AI pseudo-autonomous agents as they 
take human agents (i.e. their intention, emotion and action) 
more into consideration and fit their reactions accordingly. 

This raises the concerns of how to design effective 
human-robot teams where autonomous artificial agents are 
not tools but teammates with different capabilities and 
dependencies to accomplish a joint work. Following the 
emergence of robots in work settings, it should be evident 
that this process is not only changing the work we do but also 
who does the work. The concept of management and 
leadership in organizations is based on the idea that in the 
cases of novel situations or situations characterized by 
uncertainty and, in case of conflicting goals or interests 
among agents, human decision makers give directions and 
take over responsibility for the consequences of their 
decisions. Therefore, in the design of collaborative socio-
technical systems accountability has to remain in the hand of 
the human [26]. However, if AI pseudo-autonomous agents 
are able to fundamentally change the goal, holding a human 
agent responsible is far from fair. If  teamwork requires 
human agents to be able to observe, understand and predict 
the state and action of the autonomous artificial agents [31], 
to explore the setting within which AI semi-autonomous or AI 
pseudo-autonomous agents adapt or change the goal 
functions and how human agents can accurately extract these 
modifications can enrich theory building on organizational 
study. To sum up, technology, work and organization are 
constitutively entangled and cannot be treated as separable 
analytical constructs [23], and greater attention has to be 
given to social dimension of the collaboration between 
agents. 

Finally, it is necessary to examine potential changes in the 
social fabric of society. Changes in roles and forms of 
interaction could pose fundamental problems. For instance, 
interacting with non-AI or AI marginally autonomous agents 
who are always obedient might develop an unsociable 
personality. Or when human agents who are constantly 
exposed to semi-autonomous agents which only fake social 
capabilities might lose their own social capabilities. This 
requires consideration whether we shall apply the same rules 

and mental models that we learn from childhood on or we 
require a different “script” for human-robot interaction. 

This paper outlines several criteria by which different 
types of autonomous artificial agent could be conceptualized. 
Given that, the concept of autonomy is key to our definition 
of machine agency; future researchers should clarify other 
dimensions. The use of this typology and the social impact of 
autonomous artificial agents provide valuable insights not 
only for those who design the robots but also the ones who 
rely upon them. Though we have discussed several key social 
issues that are associated with their integration into society, 
further research on engendering intelligence and autonomy 
into machines are essential. Even if developments in the field 
of AI are mostly driven by forces of global economic and 
political markets, we need to deal with these forces 
consciously to influence the route of technological evolution. 
For instance, a number of experiments (e.g.[53][54]) are 
using gender cues as a factor to affect the social perception of 
robots. But why can’t we accept that robots are neutral and 
by that try to wipe out the stereotypes? Developments in AI 
require proceeding based on critical engagement and 
interpretation of their impact on the society. 
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