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An increasing number of studies are attempting to determine, through 
quantitative experimentation, whether people adopt an intentional 
stance towards robots. These studies mainly use questionnaires in which 
participants are asked to choose between mentalistic and non-mentalis-
tic descriptions of robotic behaviours portrayed in pictures. While these 
methods are extremely interesting in their attempt to operationalise Den-
nett’s theoretical constructs, they only capture one aspect of the inten-
tional stance: the attribution of mental states to robots. They neglect the 
question of whether participants also attribute rationality to the system. 
Consequently, they are not well equipped to analyse how people form 
expectations about the behaviour of the robots they interact with, which 
is crucial for studying the dynamics of human–robot interaction. There 
is indeed no reason to deny that laypeople might occasionally attribute 
mental states to robots while believing that they can act irrationally or 
model the decision-making processes of the system in terms devoid of any 
reference to rationality. Building on these considerations, this article re-
flects on an emerging area of research in human-robot interaction from 
a philosophical perspective, identifying a potential limitation that could 
be overcome by referring to psychological literature on the attribution of 
rationality to humans.

Keywords: Human-robot interaction; mental state attribution; in-
tentional stance. 

1. Introduction
When people interact with autonomous artificial systems such as intel-
ligent chatbots and social robots, they sometimes talk about them in 
mentalistic terms (“Hey, look! The robotic vacuum cleaner wants to 
go to the kitchen!”). They can also attribute beliefs and desires to the 
system, assuming that it will behave rationally based on them. In a 



18	 E. Datteri, The Attribution of Rationality to Robots

series of groundbreaking essays, the philosopher Daniel Dennett fa-
mously termed this latter phenomenon the adoption of an ‘intentional 
stance’ towards the observed system, discussing various philosophical 
aspects of the idea. For example, he considered what role beliefs and 
desires play in intentional systems theory and whether the intentional 
stance aligns with common-sense psychology (Dennett 1989). The no-
tion of intentional stance pervades contemporary research on human–
robot interaction. In particular, a growing community of researchers 
comprising roboticists, psychologists and social scientists is studying 
the adoption of an intentional stance towards robots using a variety of 
experimental techniques (see Thellman et al. 2022 for a review). This 
article aims to comment on a particular aspect of this scientific enter-
prise by suggesting that this research focuses too much on attributing 
beliefs and desires to robots and neglects another important aspect of 
the intentional stance: attributing rationality to robots.

The concept of rationality plays a central role in Dennett’s theory 
of intentional systems. He presents the intentional stance as involving 
the attribution of mental states, such as beliefs and desires, as well 
as rationality, to the target system. Adopting the intentional stance is 
not just about attributing the desire to reach the kitchen and the be-
lief that the battery needs to recharge to a robotic vacuum cleaner, for 
example; it also involves assuming that there is a certain relationship 
between the system’s beliefs and desires, and its behaviour – namely, 
that the system will act rationally based on them. However, it has been 
suggested that this assumption is too strong, as we sometimes observe 
irrational behaviour in systems to which we attribute a mind. For 
instance, people sometimes appear to fail to make the most rational 
choice in tasks such as the Wason selection task (Wason 1968). Con-
sequently, there has been a debate about whether, when interpreting 
others’ behaviour in mentalistic terms, people are actually adopting 
the intentional stance or engaging in a form of folk psychology that 
does not necessarily involve the attribution of rationality (see Dennett 
1989; Stich 1981). This paper does not seek to take a position in this 
debate. It only argues that attributing mental states to a system is in-
dependent of attributing rationality to it. This means that the attribu-
tion of mental states can happen without attributing rationality, and 
vice versa. It also argues that current attempts to determine whether 
people adopt an intentional stance towards robots tend to focus only 
on attributing mental states. This means they neglect attributing ra-
tionality and do not actually investigate the adoption of an intentional 
stance towards robots. In doing so, this article provides a philosophical 
reflection on certain aspects of contemporary research in the fields of 
social robotics and human–robot interaction.

Why is it important to study whether people attribute not only a 
mind, but also rationality, to robots? Our understanding of these sys-
tems clearly influences our behaviour in their presence and how we in-
teract with them. However, while certain aspects of our behaviour can 
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be affected by the mere attribution of mental states to robots, others 
arguably depend more deeply on whether we also attribute rationality 
to them. Therefore, to understand certain aspects of our interactions 
with robots, it is beneficial, if not essential, to determine whether we 
regard them as rational, irrational or non-rational. One study to be 
discussed in Section 3, by Wiese and colleagues (2012) suggests that 
adopting an intentional stance towards a robot activates certain cogni-
tive processes, such as gaze following, which are not activated when 
that stance is not adopted. According to the authors, this occurs in a 
reflexive, bottom-up way that does not necessarily involve rationalis-
ing the robot’s behaviour. Studying our attribution of rationality to ro-
bots may be less important for understanding our low-level reactions 
to their behaviour. However, other aspects of human–robot interaction 
depend more crucially on our expectations of their behaviour. For in-
stance, when the ‘battery’ LED on our robotic vacuum cleaner lights up 
and the robot heads towards the kitchen, we anticipate that it will go 
to the docking station, which is indeed located there. If we then recall 
putting a bin in front of the docking station, we will move it to allow the 
robot to recharge properly. Similarly, if we are crossing a street and an 
autonomous car is approaching (Ziemke 2020), we will decide whether 
to continue or step back depending on whether we expect the car to stop 
at the crossing. Our decision to install an assistive robot in our elderly 
aunt’s apartment will be based on our expectations of how the robot 
will behave, and whether or not it will harm her.

The issue is that the dynamics of our interactions with robots are 
significantly shaped by our expectations of their behaviour. In order 
to understand people’s high-level reactions to robots and how they de-
cide to behave when interacting with them, it is important to study 
how people predict robot behaviour.1 In order to study people’s predic-
tions, it is important to determine not only whether they attribute a 
mind or specific mental states to robots, but also whether they assume 
that their behaviour will be rationally influenced by their beliefs and 
desires. In order to understand how pedestrians interact with auton-
omous cars, it is important to determine whether they attribute the 
desire not to hurt them to those cars; however, it is also important to 
determine whether they assume the car will act rationally based on 
that desire. The most rational thing for a car with this desire would be 
to stop at the crossing. However, the pedestrian’s mental model of the 
car may include the assumption that it can act irrationally in certain 
situations, possibly because rationality is considered to apply only to 

1 Thellman and Ziemke (2020) have argued that more research in this area is 
needed. “Despite a growing interest in the role of mental state attribution in people’s 
mental models of robots, and the importance of perceptual belief tracking in the 
context of social interaction, no research has so far targeted people’s ability to 
predict the behavior of robots based on assumptions about how they perceive the 
environment.” Their study is one of the few that explicitly addresses this important 
issue.
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human beings. Alternatively, the pedestrian may simply assume that 
the car’s behaviour is lawfully connected to its beliefs and desires in a 
way that is not characterised in terms of rationality or irrationality. 
People’s mental models of robots may differ greatly in the way they 
connect attributed beliefs and desires to overt behaviour.

Various methods have been developed to study people’s mental 
models of robots (Rueben et al. 2021), particularly in terms of whether 
people adopt the intentional stance towards them. Some studies have 
examined how this adoption affects brain activity (Chaminade et al. 
2012), gaze following (Wiese et al. 2012), gaze aversion (Desideri et al. 
2021), and other cognitive processes (Ciardo et al. 2020; Marchesi et 
al. 2025; Roselli et al. 2022). For reviews and general reflections, see 
Chaminade and Cheng (2009) and Wykowska and colleagues (2016). 
Other studies have attempted to determine whether people adopt the 
intentional stance based on the robot’s physical appearance, behaviour, 
or other contextual factors (Mandell et al. 2017; Marchesi et al. 2019; 
Martini et al. 2015, 2016; Terada et al. 2007). These studies have made 
significant contributions to our understanding of how people perceive 
robots. However, they do not establish whether participants fully adopt 
the intentional stance towards robots since they only investigate the 
attribution of mental states to systems, not rationality. To demonstrate 
this, it is helpful to provide a brief overview of the intentional stance 
and argue that attributing beliefs and desires does not necessarily im-
ply attributing rationality: a robot can be perceived as having beliefs 
and desires (and other propositional attitudes) while acting irrational-
ly, or non-rationally, with respect to them.

2. Rationality and the intentional stance
2.1 The intentional stance
Dennett’s theory of intentional systems is well known and has been 
the subject of extensive discussion since the publication of his seminal 
article (Dennett 1971). This section aims to recap some of its key fea-
tures in preparation for the subsequent discussion. In this oft-quoted 
passage from (Dennett 1989), he defines the intentional stance (IS) as 
follows:

Here is how it works: first you decide to treat the object whose behavior is to 
be predicted as a rational agent; then you figure out what beliefs that agent 
ought to have, given its place in the world and its purpose. Then you figure 
out what desires it ought to have, on the same considerations, and finally 
you predict that this rational agent will act to further its goals in the light 
of its beliefs. A little practical reasoning from the chosen set of beliefs and 
desires will in many – but not all – instances yield a decision about what the 
agent ought to do; that is what you predict the agent will do. (17)

The IS is often presented by the author as an explanatory strategy (e.g. 
Dennett 1971, 2009). Suppose the ‘battery’ LED on a robotic vacuum 
cleaner lights up and the robot turns towards the kitchen. An observer 
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adopting the IS might explain this behaviour by attributing the follow-
ing beliefs and desires to the robot: the belief that the battery is run-
ning out of charge; the belief that the docking station is in the kitchen; 
and the desire to recharge. Given these beliefs and desires, they would 
assume that the most rational thing for the robot to do would be to turn 
towards the kitchen. In this way, the IS provides a rational explanation 
for the robot’s behaviour. The IS can also be regarded as a predictive 
strategy: the observer might predict that the most rational course of 
action, after turning right, would be to proceed straight towards the 
kitchen. However, it is important to stress that, in Dennett’s frame-
work, attributing beliefs and desires to the system in the IS does not 
mean believing that the system actually possesses them. The observer 
only treats the system as if it possesses them for the sole purpose of 
explaining and predicting its behaviour. Intentional systems theory is 
based on an instrumentalist conception of beliefs, desires, and other 
propositional attitudes. In this theory, the conditions under which the 
target system can be said to have a belief (or desire) with a particular 
content do not have to be the same as those adopted in other psycho-
logical frameworks based on the attribution of so-called propositional 
attitudes.

Rationality plays a central role in Dennett’s theory of intentional 
systems. Firstly, the rationality of the system forms an integral part of 
the mental model constructed by the observer. It characterises the re-
lationship between the system’s beliefs and desires, and its behaviour 
(meaning that, according to the IS, the system will act rationally rela-
tive to its beliefs and desires). Secondly, rationality arguably influences 
the process by which the observer identifies the beliefs and desires that 
explain the system’s behaviour. Why did the robot turn right? One first 
assumes the rationality of the system – in this case, that turning right 
was the most rational response to the situation. Then, one assumes 
that the system has beliefs and goals that make the right-turning 
behaviour rational, i.e. one makes “adjustments in the information-
processing conditions” (Dennett 1971: 94). In this case, the aforemen-
tioned beliefs and desires (the belief that the battery is low and that 
the docking station is in the kitchen, and the desire to recharge) do in-
deed render this behaviour rational. According to intentional systems 
theory, explanation is akin to rationalisation: the assumption that the 
system is rational informs the observer’s decision regarding the beliefs 
and desires attributed to the system.

Note that predictive tasks differ from explanations in that the be-
haviour of the system is unknown. To predict how the robot will act 
after turning right, the observer must first attribute desires and beliefs 
to the system and then assume that the resulting action is the most 
rational given these premises. However, as the action is still unknown, 
it is not possible to determine the system’s beliefs and desires based 
on the assumption that the behaviour produced was rational, as in 
an explanatory context. According to Dennett (see the chapter “Three 
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Kinds of Intentional Psychology” in Dennett 1989), one ascribes the 
beliefs that the system ought to have “given its perceptual capacities, 
its epistemic needs, and its biography”, as well as the desires that the 
system ought to have “given its biological needs and the most practica-
ble means of satisfying them”. Arguably, an assumption of rationality 
plays a role here too, albeit perhaps more covertly, because the system 
is assumed to have beliefs and desires that are rational, given its epis-
temic and biological needs.

In summary, when adopting an IS towards a system such as the ro-
botic vacuum cleaner used as an example in this section, both mentalis-
tic and rationality assumptions are made. The mentalistic assumption 
is that the system has beliefs, desires, and other mental states with 
content (conceived as “idealised fictions in an action-predicting, action-
explaining calculus” Dennett 1978: 30), while the rationality assump-
tion is that the system acts rationally based on them. It is through 
this rationality assumption that the observer can connect the system’s 
beliefs and desires to its actual behaviour; the rationality assumption 
plays a key role in generating expectations about the robot’s future 
behaviour.

It is worth noting that Dennett does not provide a clear definition 
of rationality. Stich (1981) notes that Dennett himself “has no illusions 
on the point” and “portrays intentional-systems theory – the general 
normative theory of rationality – as a discipline in its infancy” (42). 
Indeed, Dennett clearly acknowledges this in his work (Dennett 1989): 
“What then do I say rationality is? I don’t say” (94). He also claims to 
have “good reasons for cautiously resisting the demand for a declara-
tion on the nature of rationality” (94) and merely indicates what, in 
his view, rationality is not: it is neither deductive closure nor logical 
consistency. He never connects the intentional systems theory to clas-
sical decision theory, which involves ordering the set of possible actions 
by assigning probabilities to their potential outcomes and determining 
their expected utility in relation to the system’s goals (Mele and Rawl-
ing 2004; Peterson 2017). Even if he did, there would be many possible 
ways to implement a classical decision-making process. Unless addi-
tional details were specified, including the definition of the set of pos-
sible actions and the criteria for calculating their consequences and as-
signing their expected utilities with respect to the goals, the attribution 
of rationality that accompanies the IS would not enable the observer 
to make precise predictions about the system’s behaviour. This sug-
gests that Dennett’s presentation of the IS conceptual framework pro-
vides poor grounds for the analysis of people’s behavioural expectations 
about robots unless some aspects of it are more precisely worked out.

2.2 Non-mentalistic rationalization
The next section will argue that, although tasks for investigating the 
attribution of rationality to systems have been developed in non-ro-
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botic psychological literature (see Gergely et al. 1995), contemporary 
research on adopting an IS towards robots focuses narrowly on attrib-
uting mental states to them and neglects the phenomenon of rational-
ity attribution. In support of this claim, it is worth noting that these 
two types of attribution are relatively independent of one another; one 
can rationalise a robot’s behaviour without ascribing mental states to 
it, and vice versa. Without this further assumption, one might dispute 
the main assertion of this article, arguing that methods for studying 
the attribution of mental states to robots also determine whether par-
ticipants attribute rationality to them.

Can a mental model of a robot incorporate the assumption that the 
robot is rational without also assuming that it has mental states? This 
depends on how the system is regarded as rational. According to the IS, 
the system acts rationally with respect to its beliefs and desires. Thus, 
in Dennett’s framework, rationality cannot be attributed without also 
attributing mental states. However, a robot may be considered rational 
in ways that differ from the IS. For instance, an observer might assume 
that the robot adheres to a specific standard of rationality based solely 
on its behaviour: this concept is known as rational analysis (Ander-
son 1991). As Anderson presents it, rational analysis belongs to a long 
tradition of trying to understand behaviour as an adaptation to the 
system’s environment.

A rational analysis is an explanation of an aspect of human behavior based 
on the assumption that it is optimized somehow to the structure of the en-
vironment. […] As in economics, the term does not imply any actual logical 
deduction in choosing the optimal behavior, only that the behavior is opti-
mized. (471)

Anderson outlines the various steps of rational analysis as follows: 
First, the goals of the system are specified. As any behaviour can be 
viewed as optimising a potential goal, external constraints must be 
considered in order to select the system’s actual goal. Note that the 
system is assumed to have goals, not desires. This is evident from the 
rational analysis of the various systems that Anderson uses as exam-
ples. For instance, the goal of memory systems is to access necessary 
information from the past, while categorisation systems aim to predict 
features of objects. Anderson does not characterise these systems as 
having desires, conceived as intentional mental states. According to 
this approach, it is appropriate to say that the goal of a thermostat 
is to maintain the environmental temperature within a certain range, 
without implying that the thermostat desires this. The second step is 
to develop a formal model of the environment to which the system is 
adapted. Anderson specifies that this must be done from the system’s 
perspective; the model must include environmental features that are 
accessible to the system rather than taking the observer’s point of view 
as a reference. The third step is to make some minimal assumptions 
about the computational limitations of the system under analysis. For 
example, we might assume that the system’s ability to process alterna-
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tives is limited, that processing incurs a cost, or that its short-term 
memory is finite. The fourth step is to derive the system’s optimal be-
haviour given these assumptions. This involves predicting behaviour 
that will maximise expected utility when considering the goals identi-
fied in step one, the environmental constraints defined in step two and 
the computational costs defined in step three. These predictions are 
then evaluated against the existing literature or experimental results. 
If necessary, the theory is revised iteratively.

Anderson points out that identifying the variables that the system 
is optimising may constrain the identification of the internal mecha-
nisms responsible for its behaviour. Some authors in the Commentary 
on (Anderson 1991) have claimed that identifying the computational 
limitations to which the system is subject at step three requires one to 
consider possible internal mechanisms. Anderson’s approach to ratio-
nal analysis occasionally suggests that it can inform the discovery of 
mechanisms. For example, he states that his rational analysis of prob-
lem solving “seems more like the actual problem solving that people 
face daily” (481), and he outlines a procedure for selecting the partial 
plan with the greatest probability of success. However, he also states 
that “the structure driving explanation in a rational theory is that of 
the environment” rather than the mind of the system (471). The goal 
of rational analysis is “to predict behavior from the structure of the 
environment rather than the structure of the mind” (474) and “it is in 
the spirit of a rational analysis to prescribe what the behavior of a sys-
tem should be rather than how to compute it”. The question of how the 
system succeeds in producing optimal behaviour – whether through 
the interaction of beliefs, desires, intentions and other propositional at-
titudes, or by virtue of a different mechanism – is not one that rational 
analysis is intended to solve. The rational analysis of problem solving 
presented in his article is objective in the sense that it is not necessar-
ily “in the subject’s head” (482). Furthermore, he does not claim “that 
the human system actually goes through the relatively complex Bayes-
ian analysis used to establish what the optimal behavior was” (483). 
The term ‘rational’ “is used in the economist’s sense, which is that the 
output of the system is optimal and no claim is made about the mental 
processes by which this output is computed” (510).

Clearly, rational analysis can be applied to the behaviour of robots. 
In this case, the observer does not make any assumptions about the men-
tal state of the system, even instrumentally. The observer only needs 
to make assumptions corresponding to the steps of rational analysis, 
as previously illustrated, and these steps do not include anything con-
cerning the system’s mental state. Rational analysis can particularly  
be combined with adopting a design stance towards the system based 
on the assumption that its functional and computational processes are 
adapted to its intended purpose. Although Anderson’s rational analysis 
would not lead to the adoption of a rationality assumption as intended 
by Dennett (since the latter refers to the system’s beliefs and desires), 
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the considerations made in this section suggest that it is, in principle, 
possible to consider a robot to be rational and to use this assumption to 
predict its future behaviour without necessarily assuming that it pos-
sesses any mental states.

2.3 Non-rational mentalization
Can mental states be attributed to a robot without also assuming that 
it always acts in the most rational way? There is no obvious reason 
why an observer should be prevented from assuming that the robot’s 
decision-making system is occasionally or always irrational. Moreover, 
an alternative assumption could be made: that the behaviour of the 
system is neither rational nor irrational, but simply non-rational. This 
would mean that the relationship between mental states and system 
behaviour is modelled without any reference to rationality. For exam-
ple, suppose the observer attributes the following beliefs and desires 
to the robotic vacuum cleaner: the belief that its battery is running 
low and that the docking station is in the kitchen, and the desire to 
recharge. As previously mentioned, these assumptions are idle for pre-
diction purposes in themselves, unless the observer makes additional 
assumptions about how these mental states contribute to behaviour. 
The rationality assumption incorporated in the IS can be expressed as 
follows:

(A) The system performs the most rational action with respect to its 
desires and beliefs.

As previously mentioned, it is unclear how this assumption can yield 
precise predictions of the robot’s behaviour unless accompanied by a 
detailed account of what constitutes rational behaviour. As such, it 
offers only a generic representation of how the system’s behaviour is 
influenced by its desires and beliefs. For the purposes of this discus-
sion, the important point is that ascribing those beliefs and desires to 
the system does not imply that the observer must assume (A) or make 
equivalent attributions of rationality. It is not inconsistent to ascribe 
certain beliefs and desires to the system while assuming that it will 
behave irrationally relative to them. Indeed, the observer might well 
assume (instead of A) something along the following lines:

(B) The system performs the least rational action with respect to its 
desires and beliefs.

Now, it is one thing to assume that the system acts irrationally and an-
other to assume that it acts non-rationally. The latter occurs when the 
observer does not characterise the relationship between mental states 
and behaviour in terms of rationality or irrationality, but assumes that 
the robot’s mental states are connected to its behaviour via law-like 
generalisations, for example:

(C) If the system desires to recharge and believes that the docking 
station is in the kitchen, it will turn towards the kitchen.
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Or, more generally:
(D) If the system desires to recharge and believes that the docking 
station is in room X, then it will turn towards room X.

The striking difference between option (A) and options (C) and (D) is 
that the latter ones do not explicitly refer to rationality. Here, the sys-
tem’s beliefs, desires and other propositional attitudes interact in a law-
like manner to produce behaviour, with no assumption as to whether 
these regularities are rational or irrational. It should be noted that the 
point is not that these generalisations cannot, in principle, be said to 
be rational or irrational. In fact, turning towards the kitchen is intui-
tively rational with respect to the desire to recharge, and options (C) 
and (D) may be said to guide the system towards rational behaviour. 
However, the notion of rationality plays no essential role in predicting 
the behaviour of the system based on these two generalisations. To il-
lustrate this, suppose that one of the law-like regularities attributed by 
the observer to the system has the following form:

(E) If the system has a belief with content a and a belief with con-
tent (if a then b), then the system forms a belief with content b.

This generalisation can be used to predict the presence of specific be-
liefs within a system’s knowledge base. For instance, if an observer 
attributes two beliefs to the system – one stating that today is Friday, 
and the other stating that, if today is Friday, it is laundry day – the 
above regularity would enable the observer to predict that the system 
would possess the belief that today is laundry day. Other generalisa-
tions attributed to the robot could allow the observer to link the sys-
tem’s possession of this belief to its subsequent motor actions (e.g. do-
ing the laundry). One could argue that this generalisation takes the 
form of a modus ponens inference rule, which would make the system’s 
decision-making process appear rational according to a traditional 
view of rationality. In other words, one could assume that the system 
is regulated by (E) and that (E) is a rational decision-making rule. 
However, this additional assumption does not play a crucial predictive 
role. An observer unaware that (E) incorporates a principle of rational 
thinking, or who conceives of rationality differently, would still predict 
that the robot believes ‘Today is laundry day’. Assumption (E) would 
support this prediction even if modus ponens were the hallmark of ir-
rationality. In this case, the notion of rationality plays no role in the 
observer’s mental model of the system. This non-rational approach to 
understanding the robot’s behaviour could result in the following gen-
eralisation being attributed to it:

(F) If the system has beliefs with contents b and (if a, then b), then 
it forms a belief with the content a.

The fact that (F) is a fallacious rule of inference would likely prevent it 
from being included in IS-style rationalisations of the system’s behav-
iour. However, nothing actually prevents one from modelling the inter-
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action between the system’s beliefs, desires and behaviour in terms of 
this law-like regularity, without any reference to rationality.

In terms of prediction, how different are these two strategies? While 
they may converge in some cases, in others they will diverge signifi-
cantly. Suppose two observers both attribute the beliefs and desires 
mentioned before to a robotic vacuum cleaner. Observer 1 adopts an 
IS approach, assuming that the robot will act in the most rational way 
given its current beliefs and desires. Observer 2 assumes that the ro-
bot is subject to (D) rather than to the rationality principle. In this 
case, both observers will probably have the same expectations regard-
ing the robot’s behaviour. However, this will not always be the case. 
While the predictive engine of the IS is based on just one rule, albeit 
underdetermined, observer 2’s approach may ascribe additional or dif-
ferent law-like regularities to the system. For example, they might as-
sume that, when certain conditions are met, the robot will move in the 
opposite direction to the kitchen, move more slowly in the direction it 
was previously travelling, or make a complete turn and stop. The first 
regularity could be considered irrational2, whereas the last two options 
are neither clearly rational nor clearly irrational. However, the point is 
that there are “simply” law-like regularities which make no reference 
to rationality. They are neither inherently rational nor irrational.

These considerations suggest that an observer can have a mental 
model of a robot that attributes mental states, such as beliefs and de-
sires, to it without assuming that the robot will act in the most rational 
way based on these states. Mentalising a system does not imply ratio-
nality attribution, but can be accompanied by a variety of non-rational 
models of the relationship between mental states and behaviour.3 Al-
though the predictions of two observers (one adopting the IS and the 
other a non-rationalistic modelling style) may sometimes converge, 
they will diverge in many other cases. To understand how people form 
their expectations of the robot’s behaviour, it is essential to study not 

2 The idealising assumption made here is that the robot has no beliefs or desires 
other than those mentioned previously. Assuming that the system believes only that 
the battery is running out of charge and that the docking station is in the kitchen, 
and desires only to recharge the battery, turning in the direction opposite the kitchen 
would be an irrational decision according to many accounts of rationality. However, 
one might save the rationality assumption by inserting an additional belief: for 
example, that there is a more powerful docking station in the dining room, which is 
opposite the kitchen.

3 It follows from previous claims that this also holds for the IS. The IS (at least 
as presented by Dennett) appears to be a rather underdeveloped predictive strategy. 
This is because, unless it is specified exactly what it means for a system to produce 
rational actions given its current beliefs and desires, it is unclear how the IS can 
provide a comprehensive strategy for predicting the system’s next action. Therefore, 
stating that one adopts the IS towards the robot does not reveal much about the 
action they will expect the robot to perform. In the absence of a clear account of 
rationality attached to the IS, it is reasonable to assume that different observers 
may have different opinions on how the most rational action should be calculated 
and, accordingly, make different behavioural predictions.
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only whether they attribute mental states to it, but also their view of 
the connection between the robot’s behaviour and its beliefs and de-
sires.

Before concluding this section, it is worth reflecting on the stance 
adopted when modelling the relationship between a robot’s mental 
states and behaviour using non-rational, law-like regularities. Since 
this modelling strategy does not involve attributing rationality, it can-
not be classified as an intentional stance. It is also not the physical 
stance, since it does not use the language of physics. The third option 
in Dennett’s framework is the design stance. However, it is the IS, not 
the design stance, that involves attributing beliefs and desires to the 
system. When taking the design stance, predictions are made solely 
from knowledge or assumptions about the system’s design. Should this 
then be regarded as a fourth stance, located somewhere between the in-
tentional and design stances? The rather vague way in which Dennett’s 
stances have been defined in the literature does not help to answer this 
question. One hypothesis is that attributing mental states in terms of 
law-like regularities rather than rationality constitutes a kind of men-
talistic design stance that Dennett does not explicitly discuss.

Is this stance likely to be adopted by ordinary people? This is an em-
pirical question, but there are reasons to suggest that it will be. After 
all, it is reasonable to expect laypeople to view robots as designed sys-
tems that operate in a mechanical, law-like manner. However, it is also 
likely that they will consider robots to have content-bearing states and 
internal representations of goals that correspond to beliefs and desires 
in commonsense psychology. The possibility that laypeople adopt a 
mentalistic design stance similar to the IS in the attribution of mental 
states but differing from it in assuming that the interaction between 
these mental states is mechanical or law-like is not to be excluded and 
should merit empirical investigation. It should be noted that a men-
talistic design stance towards artificial intelligence systems, which is 
more akin to the explanatory approach of Marr-like cognitivism than to 
that of propositional-attitude psychology, has been proposed by Larghi 
and Datteri (2024) on different grounds.

3. Testing the intentional stance in human-robot 
interaction
The time has come to apply the considerations made so far to contem-
porary research in human-robot interaction. As expected, many em-
pirical studies have attempted to determine people’s mental models of 
robots and the factors that shape them over time. Although the litera-
ture is relatively new, it is impressively rich in terms of methods and 
results. Some studies have employed qualitative methods: for instance, 
Rueben et al. (2021) observed and interviewed six individuals inter-
acting with a robotic shoe rack for six weeks in a yoga class, with the 
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aim of studying their mental models of the robot and how these evolve. 
The interview questions were deliberately chosen to be very general 
in order to elicit the users’ perceptions in the most neutral way pos-
sible. This exploratory study mostly resulted in interesting hypotheses 
and research questions being generated, such as: how does the model 
change over time? Why do users sometimes decide to avoid experiment-
ing with the robot?

In this growing body of literature, there are some studies that ex-
plicitly refer to Dennett’s intentional systems (IS) theory. These stud-
ies attempt to determine the factors that influence people’s adoption 
of IS towards robots and the consequences of this adoption on other 
phenomena. This section considers this category of studies exclusive-
ly (see Thellman et al. 2022 for a systematic review). The underlying 
question is whether these studies regard the adoption of an IS as a 
phenomenon involving the attribution of mental states and rationality 
to the system. While these studies make significant contributions to 
the analysis of people’s mental models of robots, it will be argued that 
they neglect the issue of rationality to a certain extent. Some methods 
have been devised in the non-robotic literature to study the attribution 
of rationality (e.g. Gergely et al. 1995). As emphasised throughout this 
article, overcoming this limitation would be beneficial: understanding 
how people form their expectations about robots’ behaviour requires 
determining the nature of the connection they perceive between mental 
states and behaviour. For instance, does this connection adhere to prin-
ciples of rationality or is it merely based on nomic interactions between 
the system’s various mental states?

Some studies explicitly adopting Dennett’s framework focus on the 
consequences of adopting an IS towards robots in relation to other cog-
nitive, neural, or behavioural phenomena. Examples include studies 
on how IS adoption affects gaze behaviour. Gaze cueing phenomena 
are integral to social interaction between people. For instance, they 
occur when a person’s gaze directs another person’s visual attention. 
The aforementioned study by Wiese and colleagues (2012) investigated 
whether people can be cued by the gaze of robots. The researchers de-
signed a task in which participants had to discriminate between two 
stimuli appearing on the left or right side of a robotic face. They inves-
tigated whether the gaze direction of the robot (pointing left or right) 
affected the error rate. Specifically, they asked whether the error rate 
would change when participants adopted an IS towards the agent pro-
viding the gaze cues. The working hypothesis was that it would, as 
people’s attention cannot be directed by the gaze of things that they do 
not perceive as intentional systems. Desideri et al. (2021) studied gaze 
aversion instead. People often tend to “look away” from potentially dis-
tracting stimuli when thinking in order to save cognitive resources. In 
particular, people look away more often when facing social stimuli, as 
these are cognitively demanding. Therefore, the hypothesis underlying 
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the study was that adopting an IS towards a robot would increase the 
effects of gaze aversion when facing the robot. To determine whether 
an IS affects gaze cueing and gaze aversion in the two studies, the 
researchers needed to manipulate the participants’ mental models of 
the agent with which they were interacting in the task. They needed 
to create experimental conditions in which participants either took or 
failed to take an intentional stance towards the robot. They did so in-
directly. In some sessions, participants interacted with either a human 
or a robotic face, and the effects of gaze cuing or gaze aversion were 
compared. In other sessions, participants only interacted with a robotic 
face and were explicitly told whether it was controlled by a human or 
an algorithm. They manipulated not only the perceptual features of the 
stimulus (human vs. robotic face) but also attempted to shape the par-
ticipants’ mental model of the robot by explicitly informing them that 
the robotic face was controlled either by a human or by an artificial 
agent. While the results supported the authors’ hypotheses, showing 
that gaze-cueing and gaze-aversion effects increased when an inten-
tional stance had been induced, it is clear that the authors did not di-
rectly manipulate the participants’ mental model of the robot, but only 
the likelihood of the participants adopting an IS, without ensuring that 
the manipulation was successful. And their analysis was restricted to 
the attribution of mental states to the robot, which, as previously men-
tioned, is only ‘half’ of the IS.

Other studies have adopted a neuroscientific approach to investi-
gate what happens in the brain when people adopt an IS towards a 
robot. For example, Chaminade and colleagues (2012) analysed the 
brain activity of subjects interacting with different agents – a human, 
a small humanoid robot with artificial intelligence and a random num-
ber generator – during a game of rock, paper, scissors. As in previous 
studies, the different conditions involved variations in the perceptual 
characteristics of the agent and the specific instructions given to par-
ticipants. Participants were informed that in the second condition, the 
humanoid robot was intelligent and had a strategy to win the game, 
whereas in the third condition, the agent simply acted randomly. The 
results suggested that certain areas (the medial prefrontal cortex and 
the temporoparietal junction) responded only to the human, while oth-
er parietal and frontal areas responded more to the humanoid robot 
than to the random number generator, but less than to the human. 
Crucially, “brain areas involved in adopting an intentional stance in a 
social interaction were not recruited when interacting with an artificial 
intelligence” (8). While other studies have complemented and partial-
ly revised these results (see Özdem et al. 2017, for example; see also 
Perez-Osorio and Wykowska 2020; Wiese et al. 2017; Wykowska 2020; 
Wykowska et al. 2016) the key issue here is methodological. Compar-
ing fMRI activity when participants interact with humans or robots, 
or when they are informed whether their partner has a strategy, can 
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significantly contribute to analysing the brain processes involved in in-
teracting with different kinds of agents. However, as in previous stud-
ies, presenting a human or robotic face or instructing participants that 
the face stimulus is governed by a human or random number genera-
tor does not reveal whether participants attribute mental states and 
rationality to the agent. While these studies are extremely interesting 
from a scientific perspective, it is unclear how they can inform our un-
derstanding of how people form their expectations about the behaviour 
of the robots they are interacting with.

While the studies discussed so far have attempted to determine the 
consequences of adopting an IS towards a robot, other studies have 
aimed to establish whether people’s adoption of the IS depends on 
the robot’s morphology, behaviour, or other contextual factors. As IS 
adoption is the dependent variable in these studies, rather than an ex-
perimental condition, tools are needed to assess whether participants 
adopt the IS or not. Terada and colleagues (2007) devised a solution 
consisting of describing the three stances in Dennett’s intentional sys-
tems theory (intentional, design, and physical) to the participants and 
letting them choose which they preferred. Interestingly, the authors 
found that the intentional stance was preferred when the robot (a mo-
torised wheelchair) displayed reactive behaviour rather than non-reac-
tive periodic behaviour. The article does not specify how the intentional 
stance was described to the participants, nor does it address the ques-
tion of whether they attributed rationality to the robot. Mandell and 
colleagues (2017) are more explicit about the tool they used. In an at-
tempt to study the relationship between morphological features and IS 
adoption, they presented participants with pictures of faces displaying 
different “degrees of physical humanness” by morphing a human face 
into a robot face in small increments. The questionnaire included ques-
tions such as “Rate how much this face looks like it has a mind” and 
“Do you think this agent would feel pain if it tripped and fell on hard 
ground?”. Similarly, in (Martini et al. 2015, 2016), participants were 
asked to ask questions about whether agents with varying degrees of 
physical human-likeness possessed a mind and emotions. However, 
none of the questions concerned the attribution of rationality, and the 
questions were too general to determine how the mental states attrib-
uted to the robot were connected to its behaviour in the participants’ 
mental models.

The Instance tool, devised by Marchesi and colleagues (2019) is per-
haps the most advanced questionnaire developed so far for studying 
people’s adoption of an intentional stance towards robots. The authors 
deserve credit for directly addressing the problem of operationalising 
the IS as a philosophical construct. For this reason, the questionnaire 
has been used in a large number of subsequent studies (Bossi et al. 
2020; Roselli et al. 2023; Spatola et al. 2022). The questionnaire com-
prises 34 fictional scenarios in which the iCub robot performs simple 
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activities while interacting with people and objects. Each scenario is 
illustrated with a sequence of three photographs. Participants must 
choose between two possible descriptions of each scenario by moving a 
slider: one formulated in mentalistic terms and the other in non-men-
talistic terms. For example, one of the scenarios shows iCub gazing at 
a ball in different positions on a table with a pyramid and a cube also 
present. The participant must choose between the descriptions “iCub 
categorises objects by their shape” and “iCub likes round objects”, which 
are considered non-mentalistic and mentalistic, respectively. Another 
example is a sequence of three photographs showing iCub playing 
cards with a human. In the middle photograph, the human looks dis-
tractedly away from the robot and iCub leans towards his cards. In the 
final photograph, iCub returns to the initial position. The mentalistic 
description is “iCub was trying to cheat by looking at his opponent’s 
cards”, and the non-mentalistic description is “iCub was unbalanced 
for a moment”. In half of the scenarios, the mentalistic sentence is on 
the right side of the slider and the non-mentalistic sentence is on the 
left. In the other half of the scenarios, it is the other way around. The 
order in which the scenarios are presented to each participant is ran-
domised. To calculate the score, the non-mentalistic–mentalistic scale 
is converted into a numerical scale from 0 to 100, and the correspond-
ing scores for each answer are averaged.

Like all questionnaires in psychology, the Instance suffers from the 
obvious limitation: selecting the mentalistic option does not imply that 
one’s beliefs about the robot conform to this choice. People may give 
answers that do not fully reflect their beliefs. This is a general problem 
affecting all questionnaires. Indeed, when the questionnaire is used to 
study the IS, as with the Instance, the situation becomes even more 
complicated. This is because the intentional stance is an instrumental-
ist rationalisation of the behaviour of the target system. The attribu-
tion of a belief to a robot does not imply that the person believes the 
robot has this belief (see Datteri 2025 for a discussion of the concept 
of “attribution” in this literature). In general, scientists researching 
the adoption of an IS towards robots are well aware of the distinction 
between what Thellman and Ziemke (2019) refer to as the “attribution 
question” (what mental states do people attribute to robots?) and the 
“belief question” (what mental states do people really believe robots 
have?). In this instance, it must be acknowledged that the participant’s 
choice of “iCub was trying to cheat by looking at the opponent’s cards” 
does not imply that they attributed the desire to cheat to iCub, nor that 
they believed iCub wanted to cheat the opponent. Therefore, to make 
sensible use of the Instance test, it is necessary to assume that the 
participants’ answers are sincere and not influenced by factors such as 
the desire to please or avoid disappointing the experimenter (“I would 
like to choose the mentalistic option, but I am embarrassed because 
the experimenter might think I believe robots have minds and laugh 
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at my naivety”). Assuming this can be done, the participants’ choices 
can reflect their instrumental attributions or their ‘real’, inner beliefs; 
the Instance does not discriminate between the two. This is arguably a 
problem only if this distinction is relevant to the research question for 
which the Instance is used, which seems rarely, if ever, to be the case.

The Instance Test is currently the most elaborate quantitative and 
explicit tool for studying whether people adopt an IS towards robots. 
The idea that the choice of mentalistic description signals the adoption 
of an IS towards iCub is intuitively plausible. In one scenario, for ex-
ample, a human points at a ball and iCub picks it up and gives it to her. 
The mentalistic description is “iCub understood that the girl wants the 
ball”, while the non-mentalistic description is “iCub tracked the girl’s 
hand movements”. These two descriptions seem very different at first 
glance: ‘understanding’ is undoubtedly a mentalistic term, whereas 
‘tracking’ alludes to a behavioural reaction to an external stimulus, 
conceived in terms of stimulus-response mechanisms without the me-
diation of beliefs and goals. It is worth noting that the descriptions 
included in the Instance questionnaire were pre-tested with several 
participants who had a philosophical background to ensure that they 
could sensibly be regarded mentalistic or not, depending on the case. 
Nevertheless, regardless of the philosophers’ opinions during pre-
testing, it could be argued that verbs such as ‘tracking’ are in a sense 
mentalistic. This is because, even if ‘tracking’ is interpreted as refer-
ring only to the movements of the robot’s head, it also implicitly refers 
to an internal representation of these movements: iCub’s tracking of a 
movement consists of it having an internal representation whose con-
tent changes consistently as the object moves. Assuming that the robot 
moves its head according to an internal representation of a vehicle is 
dangerously similar to assuming that it is in a functional relationship 
with a representation with content, or in other words, that it possesses 
a certain propositional attitude. This observation is reminiscent of Py-
lyshyn’s comment on behaviourism (Pylyshyn 1989). Pylyshyn recalled 
that behaviourists built a psychology out of notions such as stimuli, 
responses and reinforcements in an attempt to eliminate mentalistic 
terms. However,

such categories are cognitive: What serves as the functional stimulus de-
pends on how a person interprets the situation (for example, the stimulus in 
the pedestrian-automobile example is accident; but, of course, if that person 
is told it is a rehearsal for a television show, the stimulus is no longer ac-
cident but rehearsal and engages the habits appropriate for that category). 
Similarly, what constitutes the response is also implicitly cognitive. Some 
particular bit of movement (accidentally bumping into a telephone while in 
a booth keeping out of the rain) does not count as a “response”, only move-
ments intended a certain way are counted. (9)

These considerations show that it is not clear that, when a partici-
pant chooses “iCub tracked the girl’s hand movement”, they are not 
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attributing mental states to the system, as the study by Marchesi and 
colleagues seems to assume. This is not (only) because questionnaires 
generally do not detect people’s inner beliefs or instrumental attribu-
tions, but (also) because attributing a ‘tracking system’ is, from a cer-
tain perspective, attributing internal states with content. This is con-
sistent with the thesis of Larghi and Datteri (2024) that people may 
form ‘cognitivist’ mental models of robots that differ structurally from 
IS and propositional-attitude psychology while still being mentalistic.

Granted that at least some of the 34 questions in the Instance test 
offer only mentalistic alternatives, can the Instance questionnaire dis-
tinguish between participants who do and do not attribute rational-
ity to the system? Interestingly, the term ‘mechanistic’ is used by the 
authors to indicate non-mentalistic descriptions in the questionnaire. 
For example, “iCub tracked the girl’s hand movement” is considered a 
mechanistic description, whereas ‘iCub was trying to cheat by looking 
at the opponent’s cards’ is considered a mentalistic description. The 
use of these terms presupposes that mentalistic descriptions cannot 
be mechanistic. However, this assumption would require justification, 
taking into account the extensive literature on the structure of mecha-
nistic explanations that has dominated philosophy of science since the 
beginning of the XXIst century (see Glennan and Illari 2015 for a com-
prehensive essay; see Bechtel, 2008 for a specific discussion of mental 
mechanisms). In a sense, attributing mentalistic law-like regularities 
to systems such as those expressed by assumptions (C) and (D) contrib-
utes to formulating a mental model of the robot that is more mecha-
nistic (and mentalistic) than not. Mechanisms operate regularly from 
triggering to termination conditions, and this is precisely what robotic 
vacuum cleaners are designed to do when governed by these mentalis-
tic regularities. In principle, this does not preclude the possibility that 
a rational system also operates mechanically. If all the relevant de-
tails of a decision-making mechanism are specified and there are rea-
sons to believe that, according to a particular theory of rationality, the 
mechanism will consistently make the most rational decision, then a 
mental model that attributes the mechanism to the robot will be both 
rational and mechanistic (but see Searle 2001, for an alternative view 
that asserts rationality necessitates free will). In summary, mentalistic 
descriptions can be mechanistic, thus calling into question the men-
talistic vs. mechanistic distinction made in the Instance test. It is not 
obvious that, by choosing “iCub was trying to cheat by looking at the 
opponent’s cards”, a participant is not treating the system as a mecha-
nism, nor is it obvious that, by choosing “iCub tracked the girl’s hand 
movements”, they are not treating the system as non-mentalistic. The 
Instance test is, thus, not well-equipped to determine the nature and 
structure of the relationship that participants see between the robot’s 
mental states and its overt behaviour. This could be a rational decision-
making system (analysable in mechanistic terms or not), an irrational 
one, or simply a mechanism made up of law-like regularities connect-
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ing the various mental states of the system with its overt behaviour. 
While the Instance test is one of the most advanced tools for exploring 
people’s mental models of robots, it suffers from the same limitation as 
other attempts to determine people’s adoption of an IS towards robots 
in that it only addresses ‘half’ of the issue. Understanding the missing 
half would be very helpful in terms of gauging people’s expectations 
about the future behaviour of the robots they interact with.

4. Concluding remarks
This article addresses an emerging area of research in human-robot 
interaction from the perspective of the philosophy of science. Recent-
ly, attempts have been made to operationalise a construct originating 
from the philosophy of mind to deepen our understanding of how people 
perceive robots in everyday interactions. While other theoretical frame-
works are occasionally adopted in this literature – most frequently the 
so-called ‘theory of mind’, as in (Thellman and Ziemke 2020) – Den-
nett’s intentional systems theory has attracted significant attention 
among social roboticists. These researchers have developed experimen-
tal methods to detect when and if people adopt an intentional stance 
towards robots. These methods have supported the hypothesis that 
certain morphological and behavioural characteristics of robots greatly 
influence whether people ‘see’ beliefs, desires and other mental states 
behind their behaviour. Quantitative tools are now available to explore 
the idea that familiarity with technology affects the attribution of men-
tal states to robots and to establish correlations between the attribu-
tion of mental states and other human-robot interaction phenomena, 
such as the sense of agency (Roselli et al. 2022). These studies facilitate 
dialogue between roboticists and philosophers, with the former paying 
increasing attention to the contributions of philosophy of mind and sci-
ence to our understanding of the nature and structure of the mind.

This article has attempted to convey the message that these meth-
ods are generally not yet well equipped to study the adoption of an in-
tentional stance towards robots. Rather than studying the adoption of 
an intentional stance towards robots, they should be regarded as meth-
ods of studying the attribution of mental states, such as beliefs and de-
sires, to machines. The intentional stance incorporates the assumption 
that robots will act rationally based on these mental states, which goes 
beyond mere attribution. People may mentalise other entities by at-
tributing mental states to them without assuming that their behaviour 
is rational. This may not concern roboticists if their only aim is to de-
termine how people’s low-level, reflexive, bottom-up reactions to robots 
depend on their immediate understanding of their ‘inner life’, prior to 
any form of rationalisation. However, if the aim is to analyse people’s 
expectations of robot behaviour and their reactions to it, it is important 
to determine how people think the robots’ mental states are connected 
to their behaviour. Rationality is not the only option. People may as-
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sume that the robot’s behaviour is rational, occasionally irrational, or 
they may identify a mental mechanism defined by law-like regularities 
between the robot’s mental states and behaviour without any reference 
to rationality. Admitting the possibility of these further options means 
acknowledging that Dennett’s intentional systems theory, with its key 
reference to rationality, is a somewhat limited framework for studying 
people’s understanding of robots.

What methods could be employed to study the attribution of ratio-
nality to robots? At the very least, a precise but potentially limited defi-
nition of rationality would be required. Gergely and colleagues (1995) 
devised an experiment in which different groups of 12-month-old par-
ticipants were habituated to a ball displaying rational and non-rational 
behaviour, respectively. In both cases, the ball started at point A and 
had to reach point B. In the ‘rational’ condition, an obstacle was placed 
between A and B, and the ball followed a curved path to circumvent 
it. In the ‘irrational’ condition, the obstacle was placed behind the ball 
so that it did not constitute an obstacle; however, the ball followed the 
curved path anyway, displaying irrational behaviour. Thus, in both 
cases, the ball followed a curved path; the only difference was the pres-
ence of an obstacle between the two points. After habituation, both 
groups were presented with a different situation in which there was 
no obstacle between A and B. In this situation, the ball either followed 
a straight path (rational behaviour) or a curved path (non-rational be-
haviour). It was found that participants who had been habituated to ra-
tional behaviour were more surprised when the ball followed a curved 
path than when it followed a straight path. Note that they had not been 
habituated to the linear path; in the habituation phase, they observed 
the ball following a curved path to circumvent an obstacle; they were 
in fact exposed to the very same trajectory shown in the test situa-
tion. Their increased level of surprise when the ball displayed the same 
behavioural trajectory as in the habituation phase suggests that they 
had interpreted the ball as not only having the goal of reaching B, but 
also as a rational entity in that phase. In their own words, the authors 
state that “the results of the … habituation study provide indepen-
dent empirical support for the general conjecture that by the end of the 
first year infants are indeed capable of taking the intentional stance 
(Dennett 1987) in interpreting the goal-directed behavior of rational 
agents” (184). The intentional stance is an appropriate reference here, 
as the authors test both the mentalistic and rationality assumptions. 
The notion of rationality adopted here is clearly relatively narrow: to be 
rational is to follow the shortest path while avoiding obstacles. Can this 
task, or others from the psychological literature, be adapted to study 
the attribution of rationality to robots? This question is challenging 
and, for the reasons shown here, important for understanding what 
people expect robots to do and how they interact with robots in ethi-
cally sensitive situations.
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