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possible. Because of this, the last decade has seen an explo-
sion of works that seek to infer, understand and even predict 
human intent.

However, if one analyzes these works, none of them pro-
vides a clear and general definition of intention, not even 
those works oriented to perform an overview and classi-
fication of related works [11, 12], but rather the human’s 
intention is considered in terms of the task that the human 
is performing with the robot [13–19]. Thus, the human’s 
intention is the trajectory [13–15] or velocity profile [16] 
they wish to follow, the place where they wish to deliver 
an object [17] or the next object they will select [18, 19] 
among other possibilities. Because of this, it is possibly 
worthwhile to pause for a moment and ask ourselves the 
following questions. What is intention? Is it the same as a 
desire? Are intention and intentionality equivalent? Is there 
a single type of intention or can it be divided into multiple 
categories?

In this article we attempt to answer some of these ques-
tions. Based on the insights offered by psychology in recent 
decades, we attempt to combine and bring together various 
definitions of intention in a way that is easy to understand 
for the lay reader. Having done this, we present different 
types of intention that can be found in various psychologi-
cal and interpersonal communication studies using diverse 
criteria including the degree of consciousness, temporality 

1  Introduction

In the dawn of robotics, the term robot was applied to 
automata oriented to perform simple and repetitive tasks 
to relieve the human from performing them. These early 
robots sensed the environment and acted accordingly [1, 2]. 
As they proved their usefulness and effectiveness, they went 
on to perform increasingly complex tasks [3], including 
increasingly frequent interactions with humans [4, 5], until 
today when they perform fully collaborative tasks requir-
ing sophisticated systems that integrate a variety of sensors, 
actuators, and algorithms.

Some authors [6–10] indicated the importance of under-
standing human intent in order to make these interactions 
safe for the human, reliable, comfortable, easily understand-
able, and the outcome of the interactions as productive as 
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or type of goal, with the aim not to be exhaustive but to 
serve as a compass for other researchers who wish to move 
away from the purely technical enhancement of their work 
and towards the perspective of the robot’s human compan-
ion. Subsequently, we show how multiple works present 
in the field of robotics can fit into the different categories 
presented previously. Finally, we analyze in detail two 
use cases so that the usefulness of taking into account and 
analyzing the polyhedral nature of human intention can be 
observed. Having done this, we also discuss other perspec-
tives rarely explored in the literature and that we believe 
will pose some of the challenges for collaborative robotics 
in the years ahead.

This article should not be understood as a complete sur-
vey containing absolutely all the possibilities but as an intro-
duction to the concept of intention supported by a selection 
of the articles that we have considered most illustrative for 
its understanding. We believe that this work can broaden the 
way we interpret a human-robot interaction by encouraging 
questions that are often overlooked and whose answer can 
open new perspectives in the development of collaborative 
robotics systems that are more responsive to human needs 
and desires.

In the remaining of the article, we start showing the defi-
nition of intention present in the psychology literature in 
Sect. 2. In Sect. 3 we present a preliminary taxonomy with 
the most common categories of human intention. In Sect. 
4 we present how these categories fit with multiple works 
in robotics. In Sect. 4.6 we analyze the use cases of col-
laborative search and collaborative object transport and in 
Sect. 5 we link these examples with some future challenges. 
Finally, in Sects. 6 and 7 we present a brief discussion and 
the conclusions of the article respectively.

2  Definition of Human Intention

The term intention includes multiple mental processes 
related to the information processing sequence carried out 
by our brain converting desires and goals into concrete 
behaviours. This preparation of the brain for action has been 
associated with the concept of ‘free will’ since the origins 
of philosophy. Descartes, for example, proposed that the 
mind, through its pineal gland, is able to consciously and 
freely choose between different actions and subsequently 
cause the body to execute the selected action. However, this 
dualistic perspective (mind-body separation) goes against 
the experimental results obtained by psychology and neu-
roscience in the last decades, causing conscious experience 
to be considered as a consequence of brain activity and not 
a cause.

In this regard, experiments by Libet et al. [20, 21] and 
later studies [22, 23] indicate that the initiation of an action 
involves an unconscious neural process, which subse-
quently produces the experience of intention. Specifically, 
Libet’s experiment consisted of asking a series of volunteers 
to observe a moving dot on a screen and, when they wished 
to stop it, to perform a specific action (a slight movement of 
their right hand). Subsequently, the volunteers were asked 
to indicate where the dot was when they felt the need to 
act. The mean time between that moment and when the dot 
stopped is what Libet called “W judgement” (relative to 
‘free will’). However, Libet al.so measured the neural activ-
ity before and after the action performed by the volunteers, 
detecting that the brain began to prepare to act several hun-
dred milliseconds before the moment when the volunteers 
considered that they decided to act. He termed this time 
“Readiness Potential” (see Fig. 1). Intention can therefore 
be regarded as the result of brain activity, rather than the 
cause of that activity.

Considering the above, some authors define intention as 
the “representation of the will to act” [24], the “determina-
tion to act” [25], a “choice with commitment” [26], or the 
“desire to achieve a result believing that a certain action can 
generate that result” [27]. This is because a human can have 
multiple desires at the same time, even contrary to each 
other. However, at some point in time they must choose a 
subset of them, potentially just one, discard the others, and 
commit to planning and performing the actions necessary to 
satisfy them (see Fig. 2). Thus, intention emerges as a way 
to allow the agent to (1) observe their desire as a problem to 
be solved, (2) possess an ‘admissibility screen’ to rule out 
other counterproductive intentions, and (3) track the prog-
ress of their actions [28]. For example, if a human wishes 
to eat something, opting to cook an omelet makes them rule 
out going to a restaurant. The intention to make an omelet, 
in turn, allows them to (1) plan the ingredients they need, 

Fig. 1  Representation of the evolution of the brain potential mea-
sured before and after the volunteer performed an action. W marks the 
moment indicated by the volunteer as the one at which they decide to 
act. RP marks the moment at which the detected potential exceeds the 
average threshold that is considered an activation. Figure from [23]
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(2) discard the possibility of accompanying it with some 
fried eggs if they do not have enough eggs available, and 
(3) observe their actions and their progress toward making 
an edible omelet.

Thus, the concept of intention must be differentiated 
from that of desire. For some authors [27, 29], the emer-
gence of an intention requires that the human desires an out-
come and has the belief that certain behaviours will lead to 
certain outcomes. That is, desire is prior to intention but by 
itself is not sufficient to generate the intention that produces 
an action [30]. The simplest example is “I wish I would win 
the lottery, but I have no intention of playing it”. Thus, the 
intention to achieve a certain goal is usually the end result 
of deliberation over multiple wishes and desires in the pre-
decision phase [31]. Thus, desires are often less connected 
to concrete actions and are more long-term oriented than 
intentions. Likewise, desires tend to include less feasible 
actions than actions associated with intentions because they 
have not yet been sifted by the agent to keep those that are 
really feasible [32].

At the same time, the relationship between intention and 
belief has been explored in multiple models that seek to 
explain human behaviour. Among them, we can highlight 
the work of Fishbein and Ajzen [24, 33–35]. According to 
the Theory of Reasoned Action [24, 33], a person’s behav-
iour is determined by their intention to perform a specific 
action. This intention, in turn, is based on two main factors: 
the attitude toward the action and the subjective norm. This 
attitude towards the action can be positive or negative and is 

influenced by the beliefs that that person has about the con-
sequences of the action and the valuation they give to those 
consequences. The subjective norm, on the other hand, 
refers to the belief that a person has about the expectations 
of others regarding their behaviour. This theory is extended 
in [34, 35] by including the concept of ‘perceived control’, 
which refers to a person’s belief about how much control 
they have (availability of resources, constraints, etc.) over 
the performance of the behaviour in question. Thus, the per-
son’s beliefs determine how strong their intention to per-
form a particular action will be.

It is worth mentioning that in [36] the author himself 
acknowledges that “The theory of Reasoned Action was 
developed explicitly to deal with purely volitional behav-
iours”; i.e., simple behaviours, where successful perfor-
mance of the behaviour requires only the formation of an 
intention [37]. This is due to the existence of the so-called 
intention-behaviour gap [38–40] and explains that having 
the intention to perform an action does not necessarily lead 
to the performance of an action, or more specifically, the 
intended action.

This difference between intention and intentionality is 
discussed in [27]. Through various user studies with which 
the authors seek a definition of intentionality, they consider 
that there are two further requirements for acting intention-
ally. First, a minimum of conscious awareness of fulfilling 
the intention while performing the action. If you intend 
to call someone, then you remember that you should call 
someone else first, but by mistake you dial the number of 
the first person; no doubt you intended to call them, but you 
did not end up doing so intentionally. Secondly, they con-
sider that it is also necessary to possess the necessary abil-
ity to perform the action intentionally. If it is the first time 
you play darts and in your first throw you get the maximum 
score by chance, it is clear that you intended to get it but you 
did not do it intentionally. Thus, intention is a necessary but 
not sufficient condition for intentionality (see Fig. 3).

3  Classification of Human Intention

If we accept the above definitions, they are still sufficiently 
loose to allow human intention to manifest itself in dif-
ferent ways. Below are some possible classifications that 
can be found in the literature. It is worth mentioning that 
some of the distinctions to be discussed are treated with the 
same terms as those used in this article (goal-oriented VS. 
implementation intention or individual VS. shared inten-
tion) while other possible classifications arise by combining 
perspectives of different authors from different disciplines 
(including psychology or interpersonal communication) 
who even use different terms to refer to the same concepts. 

Fig. 3  A model of the relationship between the intention and inten-
tionality concepts. To have an intention is a pre-requisite to have an 
intentionality. Figure based on concepts presented in [27]

 

Fig. 2  Relationship between desires, beliefs and intention. The per-
son’s beliefs (based on their knowledge, experience, memory, etc.) 
cause them to end up choosing a particular desire which is the one that 
can materialize an intention
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This may open the door to intrinsic and extrinsic intentions. 
However, the terms found and widely accepted are the afore-
mentioned goal-oriented and implementation intentions.

3.2  Implicit Intention VS. Explicit Intention

Human intention is the product of a neural process in which 
one among multiple paths of action is chosen so that the 
human can focus on a single possibility, plan about it and 
assume its consequences. However, from the point of view 
of an external observer, this process is not observable. 
Moreover, an agent’s actions may be interpreted differently 
by the agent performing them and by an outside observer 
[49]. Therefore, in order for a human B to know the inten-
tion of a human A, either B must infer it from A’s actions or 
A must explicitly communicate it to B [50, 51].

Thus, from the point of view of an external observer, a 
distinction can be made between implicit or inferable inten-
tion and explicit intention [52]. The former alludes to those 
inferences that this observer can make about the intention 
of another human by observing their actions. If we see a 
person waiting at a crosswalk looking attentively at a traf-
fic light, we can deduce that their intention is to cross to 
the other side. In turn, implicit intention also refers to those 
intentions related to an interaction between two humans in 
which one of those humans does not express them directly 
because they trust that the other is capable of inferring them, 
either because they consider them to be the obvious result 
of shared information, is embarrassed to express them, or 
simply because they are intentions associated with actions 
to be carried out in such a short period of time that the time 
cost associated with expressing them explicitly is prohibi-
tive [51, 53]. It is worth mentioning that there is a further 
motivation for not expressing explicitly all the information 
that is considered relevant, and that is to give the other agent 
time to react and thus be able to adjust the mental model that 
one has of the other agent. This is more common between 
two humans who have just met or between a human and a 
robot when the human is learning the robot’s capabilities.

On the other hand, explicit intent refers to the one the 
human explicitly expresses to another human, whether 
using natural language, gestures or any other type of code 
agreed upon by both and unequivocally understandable to 
both parties. Its use serves to minimize or eliminate misun-
derstandings and/or reduce uncertainties [51, 54].

It is worth making a note regarding non-verbal commu-
nication. The terms “non-verbal language” and “body lan-
guage” are often used interchangeably. However, here we 
make a distinction, considering body language (such as pos-
ture, level of tension or gaze) as a subset of non-verbal lan-
guage. This is because the latter may also include gestures 
(for instance, to point at objects or locations, or to order 

On the other hand, not all the works on which the follow-
ing classifications are based take into account the difference 
between intention and intentionality discussed above. This 
error will be accepted for the sake of bringing together mul-
tiple works under the same comparative.

3.1  Goal-Oriented Intention VS. Implementation 
Intention

Having the intention to call someone is not the same as 
having the intention to get up, go to the phone and dial 
someone’s number. The first case corresponds to the goal-
oriented intention to realize a concrete goal while the sec-
ond case would be an example of the intention to implement 
the previous goal-oriented intention [41–43]. While goal-
oriented intention responds to the form “I intend to do X”, 
implementation-oriented intention follows the structure “I 
intend to do X in situation Y” [44].

The first intention that occurs is the goal-oriented inten-
tion, “I am going to call X”. Once this intention appears, 
the human plans how to carry it out and then discovers that 
they need to perform an action prior to the one that would 
allow them to fulfill their intention, in this case, to approach 
the telephone because it is not in their proximity. Thus, the 
implementation intention arises, which includes actions that 
are only necessary due to the specific situation in which 
the human finds themselves, making their implementation 
intention to be “I am going to get up and go to the phone 
to call X”. Using one of the examples from the previous 
section, the goal-oriented intention would be “I am going 
to make an omelet” while possible implementation inten-
tions would be “I am going to peel potatoes before lighting 
the fire” or “I am going to whisk eggs while the oil is heat-
ing”. Trying to translate this into robotics terms, we could 
say that the goal-oriented intention is equivalent to the goal 
of a global planner and the implementation intention is the 
sequence of sub-goals of a local planner.

Note that these two intentions are neither opposite nor 
exclusive. Although the goal-oriented intention is generally 
formed earlier, if both exist, they do so at the same time. In 
fact, the goal-oriented intention is the one that allows to ini-
tially choose the goal to be achieved in a first stage and the 
implementation intention is the one that allows to visualize 
how to accomplish that goal making it more feasible [41, 
45]. Additionally, the implementation intention is by nature 
more concrete in time and space which makes a goal-ori-
ented intention accompanied by an implementation inten-
tion more likely to produce actual behaviour [43, 46, 47].

Related to the above, in the literature one can find the 
difference between intrinsic desires (oriented to achieve an 
end state) and extrinsic desires (oriented to execute a series 
of actions designed as a means to achieve an end state) [48]. 
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An example of both types of intentions occurring together 
may be the intention to “go to eat at a restaurant”. Choos-
ing the restaurant can be the result of a conscious intention 
if it is an occasional activity or an unconscious intention 
if it is done as a routine. The same is true for choosing the 
menu. On the other hand, asking for the bill once the meal is 
finished is usually an action associated with an unconscious 
intention that is rarely thought about consciously.

3.4  Individual Intention VS. Collective Intention

The actions performed by an agent can be individual or 
collective. That is, they can be executed by/on themselves 
without the need to interact with another agent or, on the 
contrary, they can depend on the interaction with one or 
several external agents. In the first case, the intention that 
would motivate it can be referred to as individual intention. 
While in the second case, it would be a collective inten-
tion [66, 67], social intention [68] or shared intention [69, 
70] that is governed not only by the capacities, knowledge, 
beliefs and desires of the agent themselves but also by those 
of other agents with whom they must interact.

This collective intention is bidirectional, that is, it refers 
both to the intention of the original agent with the other 
agents and to that of the other agents with the first agent. 
It can arise spontaneously or explicitly by prior agreement 
and it will exist as long as the commitment between both 
agents to work together for the achievement of shared goals 
is maintained [71, 72]. It is this intention that turns the 
expression “I and you are going to do X” into “we are going 
to do X” [70, 73] and it is this intention that allows to (1) 
coordinate the actions of both agents so that both pursue 
the common goal, (2) coordinate the plans of each agent 
so that they both conform to the roles that both agents play 
to achieve the common goal, and (3) provide a common 
framework that allows structuring negotiations since differ-
ent agents may have different preferences but their common 
goal forces them to negotiate [28, 74, 75].

This distinction between individual intention and col-
lective intention provides insight into how joint actions are 
carried out in the context of social relationships. Collective 
intention implies mutual agreement and shared awareness 
[70, 76], whereas personal intentions focus on individual 
goals. This distinction is essential for understanding how 
people cooperate and coordinate in social situations and 
how social relationships based on joint action are formed 
and maintained. Indeed, it is this group intention shared 
among several agents that allows and encourages the emer-
gence of negotiation (to check to what extent their goals are 
common) [77, 78] and arbitration (deciding who does what 
for the achievement of the common goals) [12] processes.

actions). We consider this distinction to be relevant, as body 
language typically provides implicit cues about an agent’s 
intention, whereas the use of gestures involves an explicit, 
albeit non-verbal, communication of the intention by the 
agent employing them.

Note that the explicitly expressed intention may be con-
trary to and even exclusive of the implicit intention being 
shown at the same time. This type of situation can occur 
either due to the human’s unawareness that their actions 
are not consistent with the intention they really have [55, 
56], or in situations in which they are resorting to decep-
tion [57, 58]. Examples of the latter are rehearsed plays in 
team sports. The positions of the players of a team may be 
indicative of one type of play and the play indicated by the 
captain or, in general, by the player in command, may be 
completely opposite.

3.3  Conscious Intention VS. Unconscious Intention

It has been indicated that human intention arises after 
a preparation process from which the human chooses a 
desired goal and acts accordingly. However, this decision 
process is not always made consciously [59, 60]. Just as the 
degree of information processing prior to the formation of 
an intention varies from one human to another depending on 
their motivation and cognitive abilities, so does the degree 
of awareness with which one intention is decided upon over 
another [61, 62].

Notable examples are brushing teeth or showering. While 
it is possible that both activities are performed deliberately 
due to the discomfort caused by a food remnant between the 
teeth or the presence of sweat after intense physical activity, 
both actions are generally performed routinely and without 
paying much attention. In any case, if you ask the human 
who has just performed either of these two activities, they 
will be able to remember the moment when they made the 
decision to perform them, even if they were not thinking 
about it at the time.

Thus, from the point of view of the degree of conscious-
ness, conscious intention and unconscious intention can 
be distinguished. The former refers to those intentions of 
which the human is aware at the very moment of their for-
mation, thus being in control of their actions [59], while the 
latter refers to those intentions of which the human is only 
aware when they make the effort to ask themselves the rea-
son for performing the corresponding action. Even though, 
unconscious intentions still allow them to fulfill the desired 
goal by adapting to the situational changes that may occur 
[63, 64]. This second type of intentions are usually asso-
ciated with habits, automatisms, routines and even manias 
[62, 65].
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feasibility, they tend to be more likely to materialize into 
concrete actions than if they are planned in the long term 
[81], making them better predictors of human behaviour.

The main example studied in the literature is the inten-
tion to “revisit a tourist destination”. While the action is the 
same, it has been found that the likelihood of this occurring 
within a few months is determined by the degree of satis-
faction with the previous visit, while in the long term it is 
highly dependent on the tourist’s novelty seeking [82, 83].

We recognize that this is the least addressed classification 
in psychology as well as in related fields. However, for the 
sake of completeness, we consider it necessary to include 
it. Apart from the fact that it allows us to explain some phe-
nomena in the field of robotics as it will be shown in the 
next section.

3.6  An Illustration Attempt

Figure 4 tries to compress all the previous classifications in 
a single diagram showing some of the main relationships 
that can happen. For this purpose, a geometrical representa-
tion is used whereby those classifications that are, or tend 
to be, independent of each other are represented by perpen-
dicular axes. Similarly, those classifications that are related 
are represented by axes which can be projected over the 
related classifications. For ease of visualization, the three 
primary colours are used for the independent classifica-
tions and colours obtained by mixing two primary colours 
are used for the dependent classifications. Thus, an explicit 
intention can be projected on the axis of shared intentions 
as well as on the axis of conscious intentions, but not on the 
axis of goal-oriented or implementation-oriented intentions, 
since an explicit intention can belong to either of these two 
categories, and the same is true of implicit intention. This 
same diagram also shows how a long-term intention tends 
to be of the conscious type and to be associated with goal-
oriented intentions. Note that this diagram does not seek 
to show relationships that always occur, but rather trends 
that are more natural. Let us give some examples to support 
these relationships between types of intentions.

The reason why explicit intention is often also collective 
is the following. Explicit intention refers to an intention that 
is made explicit (verbally, through gestures, etc.) to another 
agent. Therefore, it necessarily involves two agents, A and 
B. Additionally, if agent A chooses to express this intention, 
it implies that A is aware of it (otherwise, A would be unable 
to communicate it), and the aim of expressing it is for the 
other agent, B, to become aware of A’s intention. Moreover, 
the purpose of A in allowing B to access this knowledge is 
typically to enable B to adapt their actions to support (or at 
least not hinder) A in achieving their intention. It follows 
that an explicit intention is, by its very nature, collective. As 

Individual intention includes multiple of the above exam-
ples (going to eat at a restaurant, brushing 1’s teeth, calling 
to person X). Collective intention, on the other hand, can 
include both cooperative actions (going to eat with X at a 
restaurant) and competitive actions (any play in an individ-
ual sport such as tennis) or a combination of both (any play 
in a team sport such as soccer). Due to the above, according 
to some authors, collective intention can in turn be classi-
fied between cooperative intention and competitive inten-
tion [50, 79, 80]. Although the latter category may seem 
contradictory, the fact is that both agents coordinate their 
actions in function of those of the opponent and both assign 
each other a role, in this case, that of opponent or adversary.

While in the literature this group intention can be found 
as collective, shared or social intention, in this article we 
chose to use the term collective intention. This is because it 
was the original term that motivated the appearance of the 
following ones. In turn, the term social intention implies the 
assumption of social rules that may vary from one culture 
to another, restricting the breadth of the concept that this 
article seeks to present.

3.5  Short-Term Intention VS. Long-Term Intention

From a temporal point of view, intention can also be clas-
sified as short-term intention and long-term intention, the 
former referring to the one which implies actions that are 
close in time and the latter to that which requires actions that 
are more distant in time. Because intentions that are close in 
time are more easily planned, since they depend on fewer 
variables and therefore have greater certainty as to their 

Fig. 4  Representation of the main relationships between intention 
categories
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has been a concept used ad-hoc depending on the specific 
task being analysed. In a hand-over task in which the human 
is the agent delivering the object, the human’s intention is 
whether or not they wish to deliver the object [84], what the 
object delivery point is [17] or the trajectory to be described 
[85] depending on what is being studied in each particular 
research work. Similarly, in collaborative transport tasks, 
the human’s intention is either the location to which the 
human wishes to transport the object [86] or the desired 
trajectory [15, 87–91] or the desired velocity profile [16]. 
In other works [19, 92–94], the human’s intention refers to 
the next object to pick up, the next ingredient to select, or 
whether or not the human wishes to collaborate with a robot. 
In some works, the human’s intention is even categorized 
as a finite set of actions it can perform next [95]. Moving 
away from human-robot collaboration, in autonomous robot 
navigation tasks in an environment with multiple humans 
present, each with their own goal, the human’s intention has 
been considered as both the destination they wish to reach 
[96] and the path they wish to follow [97]. Therefore, there 
is no unified or consensual criterion of what the human’s 
intention is.

Multiple of the above examples may simultaneously 
belong to several of the categories presented in the previous 
section even though no distinction was made in their respec-
tive articles. The following subsections will show how mul-
tiple works in the field of robotics can fit into 1, or even 
several at the same time, of the categories discussed above. 
At the same time, Fig. 5 shows a summary of the different 
types of intent considered in the present work. Note that, as 
indicated in the previous Section, body language is being 
considered as a subset of non-verbal language, which can 
also include the use of gestures. All these types of intention 
will be defined in the following subsections from the point 
of view of their current application in the field of robotics.

In line with the previous two Sections, the definitions 
presented below will be based on the opposition of con-
cepts, rather than on the use of rigid thresholds, in order to 
give more flexibility to the practitioner rather than to limit 
them. The only exceptions to this modus operandi will be 
the comparison between individual and collective intention 
and, to a lesser extent, between short-term and long-term 
intention.

It is worth mentioning that there is another point of view 
when analyzing the concept of intention, which is mean-
ingless in psychology but does make sense in the field of 
robotics. This point of view consists of attending to who is 
the agent observing the intention of the other agent. Fig. 6 
shows the four possibilities considered. Psychology focuses 
on the study of the human mind. Because of this, all the 
studies presented in the previous sections would assume the 

such, it cannot be considered individual. This can also be 
viewed from the opposite perspective: an individual inten-
tion is not made explicit, as we do not assume that there is 
anyone who needs to know about it.

An example of a natural tendency that does not always 
occur would be the relationship between long-term intention 
and conscious intention. As we are defining it, short-term 
intention refers to the task currently underway or about to 
be carried out, whereas long-term intention is defined as the 
one that gives rise to subsequent actions beyond the current 
or immediate next 1. The more complex a task is (i.e., the 
longer the sequence of actions required to complete it), the 
greater the need for planning that sequence, and planning is, 
by definition, a conscious process (since it requires organis-
ing actions in the correct order and at the appropriate time, 
which in turn necessitates awareness of the environment, 
possible constraints, and so on). However, this reasoning 
becomes problematic when routine is introduced. A task, 
no matter how complex, if performed frequently enough 
to become automated, can eventually be executed entirely 
unconsciously. Driving would be the best example here, 
since it is a complex task that shifts from being performed 
completely consciously when we get our driving licence to 
becoming more and more automatic and unconscious as we 
gain experience. This relationship is therefore more of a rea-
sonable trend than an absolute equivalence.

4  Intention Taxonomy Applied to Robotics

From the point of view of robotics, and to the best of our 
knowledge, intention has not been defined in the terms of 
Sect. 2. Instead, it has been used the folk concept of inten-
tion, which is present, with slight differences, in the com-
mon imagination of all people [27]. In this way, intention 

Fig. 5  Outline of the taxonomy presented for human intent
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of physical variables and not of intention perse, and that 
subsequent interpretation is always necessary and may be 
erroneous.

4.1  Type of Goal: Goal-Oriented Intention VS. 
Implementation Intention

Starting from the definition of intention offered in the physi-
ologist work [27], i.e., “the desire to achieve a result believ-
ing that a certain action can generate that result”; we are 
going to use the following definitions in robotics:

	● Goal-oriented intention: the desire to achieve that re-
sult and not another believing that there is an action or 
sequence of actions that makes it feasible.

	● Implementation intention: the desire to perform a 
particular action or sequence of actions and not another 
believing that it makes it possible to achieve the desired 
result.

Thus, we consider all of those works that define the human’s 
intention as one among a finite set of goals or final states 
that they wish to achieve, would be understanding this 
human’s intention as a goal-oriented intention. In turn, those 
works that define the human’s intention as the human’s way 
of reaching this goal or final state are making use of the 
definition of implementation intention. This second type of 
intention is usually more complex to understand or predict, 
because it can have quasi-infinite forms and values.

Regarding the specific task of hand-over, [84] use a wear-
able based on electromyography (EMG) and inertial mea-
surement units (IMU) sensors that they place on the human’s 
arm to detect when the human wants or not to receive an 
object delivered by the robot based on the movement that 
the human performs. This would be a case of goal-oriented 
intention. So would be in [17]. In this case, they infer the 
Object Transfer Point (OTP), or place where the human 
wishes to receive or deliver an object. To do so, they pre-
compute a static OTP based on giver’s position, reachability 
and height and combine it with a dynamic OTP based on an 
estimation of the human’s arm movement using Probabilis-
tic Movement Primitives (Pro-MP). This second component, 
although used to estimate a final goal, if used individually, 
could be understood as an implementation intention. This 
idea of estimating “the trajectory that the human intends to 
follow” is the one used in [87, 88] using for that a multi-
head attention Graph Convolutional Network (GCN) model 
which receives as input the images of a camera in the robot’s 
head, understanding the human’s intention in this case as an 
implementation intention (see Fig. 7).

It is also possible to find works on collaborative object 
manipulation tasks in which the human’s intention is 

first possible perspective, i.e., that it is a human the one that 
detects the intention of another human.

Robotics, on the other hand, has focused on providing 
the robot with capabilities to detect human intention. For 
this reason, the vast majority of works in the literature and, 
therefore, presented in this section, follow this second per-
spective, in which the robot must detect and interpret the 
human’s intention in the best possible way. However, there 
are also the other two perspectives, much less explored 
but equally promising nonetheless. Because the number of 
articles in the literature that seek to analyze the latter two 
perspectives is notably lower, we prefer to leave their analy-
sis for Sect. 5 in which we present some of the future chal-
lenges that we think collaborative robotics may face in the 
future.

The last note we feel it is necessary to make is about the 
concern of what each of the robotics articles we are going 
to analyse below are actually measuring. Although most of 
them use the concept of intention without even defining it, 
some studies question whether the measures used to obtain 
this hidden variable can really be representative of the men-
tal process that we have seen to be intention. Specifically, 
Quesque and Rossetti [98] present a study applied to the 
related psychological concept of Theory of Mind (ToM) 
where the correct understanding of intention fits in. They 
consider that, although some tools and tests can be used to 
explore mental states, they must meet the criteria of “Men-
talizing” and “Non-merging” to be truly measuring men-
tal states and not just proxies such as gaze movement or 
changes in facial expressions that may well be due to other 
factors.

It is not the aim of this work to analyse whether or not 
the measurements made in each of the following articles 
meet these two criteria. However, we do consider it neces-
sary to point out to the reader that most of the measures of 
human intention that are made are in fact indirect measures 

Fig. 6  Different perspectives considered about who is the agent detect-
ing the intention

 

1 3

2486



International Journal of Social Robotics (2025) 17:2479–2499

In general, this distinction between goal-oriented and 
implementation intention allows us to focus on trying to 
understand first the human’s goal-oriented intention and 
then proceed to understand their implementation intention, 
which is typically dependent on the former.

4.2  Communication: Implicit Intention VS. Explicit 
Intention

According to the definitions in the previous section, we are 
going to use the following definitions in robotics:

	● The implicit intention of agent A is the intention that 
must be inferred by agent B, the observer, by means of a 
reasoning mechanism and applied to the observation of 
the actions of agent A.

	● The explicit intention of agent A is the intention indi-
cated by agent A to agent B by means of a communica-
tion code known and accepted by both.

In this way, those works that attempt to predict or infer 
human intention from their actions, movements or gaze are 
alluding to the implicit type of intention. In this group we 
can include most of the predictors already discussed [16, 19, 
86–88, 90–94, 97, 99–102] among others. All of them make 
use of some kind of inference engine: Bayesian predictors, 
Support Vector Machines (SVM), Gauxian Mixure Models 
(GMM), Recurrent Neural Networks (RNN), GCN, or com-
binations of Convolutional Neural Networks (CNN) and 
Long Short-Term Memory (LSTM) units. At the same time, 
all of them usually use as input signals the previous human 
movement, either as a whole, distinguishing its most repre-
sentative joints or focusing on the limb related to the task 
being performed. Another commonly used input signal is 
the human’s gaze, which is really useful to determine where 
the human is focusing its interest [19]. Other works [107] 
use direct signals, for example force or torque, to indicate in 
which direction a table has to be moved.

To give examples of specific use cases, Lastrico et al. 
[108] focus their work on the concept of implicit commu-
nication, which, according to our terminology, would refer 
to communicating 1’s intention implicitly. In their study, 
they conduct several human-to-robot handovers of a cup 
that may or may not be filled with water. In this scenario, 
the human’s implicit intention is conveyed through subtle 
cues (such as speed and degree of care) while handing over 
the object. These cues, when analysed, allow the robot to 
predict the cup’s contents and respond accordingly. In other 
study [109], the same authors explore the reverse situation, 
where it is the robot that adapts its behaviour to be more or 
less careful when handing objects to a human. They dis-
cover that humans are capable of detecting these implicit 

understood as implementation intention, either referring to 
the trajectory that the human desires for the manipulated 
object, either using control-based [15, 89] or Deep Learn-
ing models [90, 91], or referring to the velocity profile that 
the human desires for the object [16], in this case, using 
Learning from Demonstration (LfD) methodologies with 
Weighted Random Forest (WRF) as their workhorse. Simi-
larly, the robot may try to infer the particular object that 
the human wishes to manipulate [99], this being a case of 
goal-oriented intention. If, in addition to manipulating, the 
human wishes to collaboratively transport the object, it is 
possible to find both the approach of predicting the location 
to which the human wishes to take the object [86] (goal-
oriented intention) and that of predicting the trajectory they 
wish to follow [100–102] (implementation intention).

Finally, in autonomous navigation tasks, understanding 
the intention of each human the robot encounters as the 
“destination they wish to reach” [96] would be a case of 
goal-oriented intention. Meanwhile, understanding their 
intention as “the path they wish to follow” [97] would cor-
respond to an implementation intention.

It is also worth examining other studies that draw on con-
cepts from psychology. For instance, Di Cesare et al. [103] 
build on the concept of Vitality Forms (VFs) [104, 105], 
aiming to demonstrate that different parts of the brain are 
responsible for processing the “content of the action” (i.e., 
the action goal) and the “form of the action” (i.e., how the 
action is carried out or executed). This distinction between 
content and form (what we would refer to as goal-oriented 
and implementation intention, respectively) is adopted by 
Vannucci et al. [106] to show that enabling the robot to 
express its intention (in this case, goal-oriented) through 
different VFs (i.e., different implementation intentions) has 
measurable effects on the human’s motor response during 
interaction.

Fig. 7  Handover example. Using a trajectory predictor, the robot can 
predict how much the human is going to approach (implementation 
intention) and even the desired object transfer point (goal-oriented 
intention) that the robot should reach
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in industrial environments when the robot is required to 
recognize quickly and minimizing possible misunderstand-
ings about the real human’s intention [118]. Similarly, [119] 
combines both types of information to obtain the human’s 
explicit intention about where they want the robot to move 
the desired object.

There are also works that take into account both types of 
intentions. In [19], the human’s gaze is analysed to predict 
the next object to be selected. Once the robot is sufficiently 
certain about it, it makes a plan to be able to grab that object 
but it does not execute this plan until the human verbally 
confirms their choice. Similarly, applied to collaborative 
transportation, in [120] the direction the human wants to 
go is estimated from the force they exert on the object, but 
the human is also allowed to communicate with the robot 
explicitly to avoid possible misunderstandings in complex 
situations (see Fig. 8). Finally, there is also the opposite 
approach, i.e., that it is the robot that indicates its intention 
about the path it is going to follow either explicitly [121] or 
both implicitly and explicitly at the same time [122].

In general, taking into account both types of intent and 
not focusing on only one of them helps to reduce uncer-
tainties and achieve interactions that are more humane. This 
approach is tested in [100], which shows that the human 
does not want the robot to infer everything, but also wants 
to be able to communicate with it.

4.3  Consciousness: Conscious Intention VS. 
Unconscious Intention

Based on the definitions in the previous section, we are 
going to use the following definitions in robotics:

	● The conscious intention is an intention whose forma-
tion occurs when the human is aware of it.

	● The unconscious intention is an intention that happens 
without the human being aware of it.

Therefore, in this work we understand the use of uncon-
scious intention as automatisms, habits and customs. As 
such, it has been used indirectly in two ways. On the one 
hand, by taking advantage of the human’s unconscious gaze 
patterns to obtain clues as to what the human’s real intention 
is. On the other hand, by learning their habits and customs 
to learn the human’s preferences and thus make the robot act 
more comfortably.

In the first group, one can find works that explore how 
gaze helps in human-human tasks to improve their perfor-
mance by allowing better understanding of ambiguous situ-
ations and then use this knowledge to modify the robot’s 
gaze to help the human to understand what the robot wants 
to do [123, 124]. Similarly, in [125] they use glasses as an 

intentions and respond by behaving with a corresponding 
level of care.

Regarding the use of gaze, in [110], the authors analyse 
gaze exchange patterns between two humans engaged in 
joint tasks (both independent and collaborative) in order to 
build a dataset. Using this dataset, they develop a model that 
enables the robot to understand and mimic these patterns, 
thereby improving its ability to infer the human’s actions 
with greater certainty and to signal its own actions to the 
human in a more comprehensible manner. Finally, the work 
of Ferreira-Duarte et al. [111–113], although not defin-
ing the concept of intention explicitly, is generally based 
on the assumption that most actions require some form of 
movement which can contribute to expressing the intention 
behind the action. This includes non-verbal cues such as the 
aforementioned gaze, the trajectory of the movement, or 
the type of grasp used for different objects, among others. 
Through these means, the robot is not only able to under-
stand the human’s actions more effectively and swiftly, but 
also to better mimic them in order to communicate its own 
actions more clearly.

Less frequent are the works that consider the explicit 
intention of the human, that is, the one directly given by 
the human, typically to avoid misunderstandings or because 
it is not possible to infer it otherwise. It is possible to find 
works that use natural language processing (NLP) to know 
the human’s intention. For example, in [114, 115] they use 
a combination of visual and natural language processing 
so that the robot first recognizes the environment and then 
knows which is the object that the human really wants or 
which one best fits the request that the human is making. In 
turn, works based on human gesture recognition also make 
use of this definition of explicit intention. For example, in 
[116, 117] they train different Deep Learning models to 
detect the gestures made by the human and, with them, to 
know what is the next action that the human expects from 
the robot. Both NLP and gesture recognition can be found 

Fig. 8  Human-robot collaborative object transportation example. 
Human and robot transporting a bar. Force sensor attached to the 
robot’s wrist with which it can the human’s implicit intention and but-
tons on the handle of the object for explicit intention communication
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Generally speaking, unconscious intention alludes to 
patterns of human behaviour that can be learned (and thus 
predicted) by the robot, e.g., using neural network-based 
architectures. Meanwhile, conscious intention is notably 
less predictable and needs to be elicited at the moment it 
appears. The distinction between the two types makes it pos-
sible to be wary of the response provided by learned infer-
ence engines and to opt for direct communication when it is 
suspected that the human’s actions do not follow an uncon-
scious pattern but are the result of a conscious decision.

While in theory the difference is relatively clear, in prac-
tice only humans can know which parts of their intentions 
are conscious and which are unconscious, so from the per-
spective of an external observer there will always be a non-
negligible uncertainty that makes it difficult to use any kind 
of threshold.

4.4  Number of Agents: Individual Intention VS. 
Collective Intention

In line with the above, we are going to use the following 
definitions in robotics:

	● The individual intention is the intention resulting from 
a result desired by each agent independently and for the 
achievement of which they do not take into consider-
ation the collaboration of the other agent.

	● The collective intention is the common desire that oc-
curs when the human and the robot accept and agree, 
explicitly or implicitly, to collaborate with each other to 
achieve a goal or result desired by both parties.

If the practitioner is looking for a numerical threshold, in 
this case, this would be determined by the number of agents 
involved in the actions necessary to obtain the desired 
result: 1 for individual intentions and more than 1 for col-
lective intentions.

Examples of works that consider the human’s intention 
as an individual intention would be those related to auton-
omous navigation in which the robot must move among 
humans without being annoying [97, 126]. This is because 
the human is not being considered to be collaborating with 
the robot. The same is not true in cases of social naviga-
tion [131] where human and robot share navigation goals 
and coordinate their plans so that neither is left behind (see 
Fig. 9). An interesting case is the one presented in [132] 
in which the robot navigates autonomously but taking into 
account that the humans in its path may have shared inten-
tions between them, i.e., they move in pairs or in groups. 
This makes it unnecessary to predict the movement of each 
independent human as they can be considered as a whole. 
Another example of shared intentions arises in collaborative 

external gadget to analyze the human’s gaze and with this 
detect what is the object of interest in a human-robot shared 
manipulation task. Using the same sensor, in [126] it is 
proven that by analyzing the human’s gaze pattern it is pos-
sible to predict which way they will tend in order to dodge 
the robot if they encounter it in a narrow corridor. They also 
found that the signal used by the robot to indicate its trajec-
tory affects the gaze pattern and that this phenomenon can 
be exploited to make it easier to detect the human’s inten-
tion. Also applied to autonomous navigation, [127] uses the 
gaze of the people present to know if they are paying atten-
tion to the robot and therefore the robot can move faster 
knowing that they are aware of its presence.

In the second group, works like [128] modify the robot’s 
planner so that the robot adapts to the human’s vision field, 
posture, and preferences so that the human receives the 
object delivered by the robot in the most comfortable way. 
Similarly, [129] performs a classification of possible human 
hand grasp types in hand-over tasks so that the robot takes 
into account the human’s preference when delivering or 
receiving an object.

Examples of works that understand human intention as 
conscious intention would be all of those previously dis-
cussed in which the human explicitly expresses their inten-
tion [114–119] either through natural language or gestures. 
One could also include in this category those cases in which 
the human modifies their behaviour to make their intention 
more easily understandable, e.g., by legible movements 
[130].

Fig. 9  Human-robot pair navigating through a narrow door. Top left: 
human-robot pair navigating side-by-side until they reach a door. Top 
right: human takes the lead but keeps taking into consideration the 
robot. Robot moves its left arm to allow the human to move forward. 
bottom left: human waits for the robot to finish passing through the 
door. Robot rolled up its right arm to reduce its footprint and moved its 
left arm to make the human to be in front of it. bottom right: human-
robot pair recover their side-by-side configuration
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4.5  Temporality: Short-Term Intention VS. Long-
Term Intention

We are going to use the following definitions in robotics:

	● The short-term intention is the intention which moti-
vates the human’s current action or that one which they 
will perform in the immediate future

	● The long-term intention is the intention which moti-
vates the human’s next actions or tasks, which are de-
pendent on the action or task the human is currently per-
forming or will perform immediately thereafter.

Hence, those works that attempt to predict human intention 
understood as “the next movements they are going to per-
form”, would be understanding this intention as a short-term 
intention. This includes multiple movement predictors [87, 
88, 97, 120] with time horizons ranging from less than 1 s to 
several seconds in multiple tasks such as hand-over, urban 
navigation or collaborative transportation. In contrast, those 
works that seek to understand or predict not only the task 
currently being performed by the human but also the fol-
lowing tasks or sub-tasks tend to understand the human’s 
intention as a long-term one.

We believe that what makes the difference between the 
two possibilities is not a time threshold of X seconds but the 
fact of analysing only the current task/subtask (and there-
fore the associated intention) or analysing also the follow-
ing tasks/subtasks.

If we focus on assembly tasks, it is possible to find the 
short-term approach in works like [135] in which the next 
human’s movement is predicted (with a time horizon of up 
to 6 s) but not the next tasks to be performed. It is also pos-
sible to find the opposite approach in works such as [136] 
in which not only the current task being executed by the 
human is detected but also the next task is predicted and 
when this will occur so that the robot can be executing other 
tasks until it is required by the human (see Fig. 10). Simi-
larly, in [137] the human’s movement to both complete the 
current task and the next task is predicted and in [138] LfD 
is used to learn the set and sequence of subtasks associated 
with each task that the human can perform so that the robot 
can predict multiple of their next actions. In this way, under-
standing the human’s long-term intention enables the best 
performance of the human-robot pair by enabling long-term 
optimization.

At the same time, there is also a relationship between 
long-term intention and the field of long-term human-robot 
interaction [139, 140], i.e., those interactions that last until 
after the novelty effect has worn off. This type of interaction 
occurs when the human has a long-term intention (a desired 
outcome for which several actions should be performed or 

manipulation tasks [15, 89–91] in which an arbitration pro-
cess [12] may occur whereby each member of the pair makes 
the contribution to the task that they deem appropriate.

There are also theoretical works applied to robotics that 
study the concept of shared intention [9, 10] and the need 
for it to overcome merely instrumental interaction and 
achieve true collaborations [9], or how the existence of this 
shared intention together with shared awareness is essential 
to obtain interactions that are transparent to the human [10].

It is this distinction between individual intention and 
collective intention that helps explaining phenomena such 
as mutual adaptation [133, 134], i.e., the robot adapts to 
the human’s preferences but the human also adapts to the 
robot’s capabilities (typically by moving more slowly or 
making movements that are more easily interpreted by the 
robot). This shared intention is useful in generating a com-
promise between both parties and making it more likely that 
the human will behave more predictably since this shared 
intention is known to the robot.

In short, the emergence of a collective intention, typi-
cal of those tasks in which there is not only interaction but 
collaboration between the human and the robot, makes it 
easier to predict the behaviour of the human by knowing 
the common goal that motivates them to collaborate and 
knowing that they are willing to help and be helped by the 
robot because of the commitment underlying this intention. 
At the same time, the benefits of this type of intention make 
it advantageous for the robot to encourage its emergence 
through communication and negotiation with the human.

Fig. 10  Collaborative assembly example. Robot sees that the human is 
holding a screw and moving his arm towards a screwdriver. It predicts 
that in the human is going to take the screwdriver in the short term and 
use it to tighten the screw in the long term. Both predictions allows 
it to estimate how many time it has to take the next bar and when the 
shared space will be free
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probability that the searched object is in the areas explored 
by the human. Without this implementation intention task 
performance would be again negatively impacted. Like-
wise, the absence of the goal-oriented intention would make 
it more difficult to predict the next human’s movements. 
Moving to the perspective of conscious/unconscious inten-
tion, the former appears every time the human updates their 
location or tells the robot a new area to explore, while the 
latter is not explored in this work but could be understood 
as the unconscious tendency of the human to accompany 
the robot depending on their degree of trust in the robot. 
This would allow the robot to condition its planner to gener-
ate routes that optimize the explored area without being too 
disturbing for the human. At the same time, the existence of 
a collaborative intention (to find the searched object in the 
agreed area) is what generates a commitment on the part 
of the human that allows the robot to update its probability 
maps believing in the information that the human is giving 
it.

For the second use case, we can base on [100, 120]. 
They make a robot and a human to transport an object in a 
maze with multiple possible paths and several obstacles in 
the way. The robot is equipped with a force predictor that 
allows it to estimate the human’s desired trajectory in the 
short term (up to 1 s). In addition, the human can communi-
cate explicitly with the robot through a series of buttons on 
the handle of the transported object (see Fig. 8).

In this case, the explicit intention is obtained when the 
human explicitly communicates whether they want to go 
right or left or if they want to avoid a particular route, while 
the implicit intention is inferred by the robot from the force 
exerted by the human. Both types of intent condition the 
robot’s planner. The predictor gives the robot a short-term 
estimate of the route the human would like to follow while 
the explicit intention directly tells the planner how to plan 
for the next intersection. Without explicit intention, it would 

maintained for weeks or even months) that they wish to ful-
fill. The correct understanding of this intention and how it 
can fluctuate over time is decisive to achieve a successful 
interaction, allowing the robot to know when to be more 
insistent or when to just make a reminder.

Generally, increasing the time horizon of the robot’s rea-
soning and trying to understand the causes and long-term 
consequences of the human’s current action is what allows 
both to improve the performance of the human-robot pair 
in the short-term and to achieve interactions that are more 
satisfying for the human in the long-term.

4.6  A Couple of Illustrative Examples

Let us choose two different use cases to illustrate how human 
intention can be analysed in different ways. First, collabora-
tive search, a task in which there are often occlusions due 
to the scenario and where distances between the two agents 
of up to tens of meters can occur. Secondly, collaborative 
transport of objects, a task performed in close proximity and 
in which there is a fast exchange of physical forces between 
the human and the robot.

To illustrate the first case, we can use the approach used 
in [141, 142]. In this particular example, they make use of 
a mobile application through which there are bi-directional 
communication through both agents despite of the distance 
[143] (see Fig. 11). Thus, the human can indicate in real 
time the area they want the robot to explore and/or the area 
they want to explore themselves. With this, the robot cal-
culates a plan for itself and for the human and communi-
cates both plans to the human through the same application. 
At the same time, the human can indicate in real time their 
position so that the robot knows where the human is even 
when it cannot see them. Likewise, the robot updates in real 
time its location so that the human knows which areas the 
robot is exploring.

In this scenario, the human’s explicit intention regarding 
which area they wish to explore is obtained directly through 
the application whenever the human wishes to express it and 
their implicit intention is inferred by observing their move-
ments while the human is visible. It is the combination of 
the two that allows the robot to optimize the search since, in 
the absence of explicit intention, the robot could plan routes 
that overlap with areas already explored by the human but 
unnoticed by the robot negatively impacting task execution. 
On the other hand, the goal-oriented intention of the human 
is expressed through the human’s indication through the 
application of the specific place they wish to explore, while 
the implementation-oriented intention (how meticulously 
they will explore) can only be obtained by attending to their 
movement speed. This implementation intention is what 
allows the robot to reduce to a greater or lesser extent the 

Fig. 11  Human-robot collaborative search example. The human is 
holding an smartphone through which he can communicate explicitly 
with the robot in a bidirectional manner. The robot can also keep track 
of the human movement while it can see him
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collaborative transport is based on implementing several 
ways so that the robot can better understand the human’s 
intention. This is the most common approach in the litera-
ture. However, the commented case of collaborative search 
goes one step further. Not only does it seek for the robot 
to better understand the human’s intention by allowing the 
human to indicate which areas they want the robot to explore 
and which areas they want to explore by themselves, but it 
also seeks for the human to better understand the robot’s 
intention by telling the robot which route it is going to fol-
low and which route it expects the human to follow. This 
second approach, that the robot makes an effort to express 
its intention, is less common.

Now that we have multiple ways of acquiring human 
intent in its many facets, one near-term challenge to make 
these human-robot interactions more natural is to make the 
robot to also express its intent in one way or another based 
on what is most useful and relevant in each situation. This 
not only means to make the robot’s movements more leg-
ible [144, 145] but to make the robot to really express its 
intention in an unambiguous way to the human. This would 
allow a better degree of understanding between both parties 
by making their behaviour more predictable for both, which 
in turn would lead to better task performance and lower task 
load and anxiety for the human [146].

The next challenge is to make the robot to detect and 
interpret the intention of another robot. If we pretend to 
make robots to explicitly communicate among them, a stan-
dardized communication code accepted by all should be 
necessary. This would be challenging taking into account 
the enormous diversity of capabilities among current 
robots12345 [147–149] which may well be increased in the 
next years and even decades. The alternative, and probably 
even more challenging, is to endow the robot with capabili-
ties to recognize the intent of another robot. This requires 
the first robot to be able to recognize not only the environ-
ment and the task being performed by the other robot but 
also its capabilities. Having done this, it could use the tax-
onomy outlined in previous sections to detect what is the 
goal or outcome desired by the other robot as well as how 
it wishes to implement it. If the interaction with this second 
robot were regular, the first robot could also try to analyze 
the other’s routines and detect when they change to know if 
it can rely on the implicit intention of the other robot indi-
cated by its movements or if it must communicate with it to 
obtain its intention explicitly.

1  TurtleBot: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​t​​u​r​t​​l​e​b​o​​t​.​c​​o​m​/​​a​b​o​u​t​/.
2  Pepper: ​h​t​t​p​​s​:​/​​/​u​s​.​​s​o​​f​t​b​​a​n​k​r​​o​b​o​​t​i​c​​s​.​c​o​m​/​p​e​p​p​e​r.
3  ARI: ​h​t​t​p​​s​:​/​​/​p​a​l​​-​r​​o​b​o​​t​i​c​s​​.​c​o​​m​/​r​​o​b​o​t​s​/​a​r​i​/.
4  TIAGo: ​h​t​t​p​​s​:​/​​/​p​a​l​​-​r​​o​b​o​​t​i​c​s​​.​c​o​​m​/​r​​o​b​o​t​s​/​t​i​a​g​o​/.
5  Spot: ​h​t​t​p​s​:​​​/​​/​s​u​p​p​o​​r​​t​.​​b​o​s​​t​o​n​d​​y​n​​a​m​i​​c​​s​.​​c​​o​m​​​/​s​​/​a​r​​t​i​​c​​l​e​/​A​​b​​o​​u​t​​-​t​h​e​-​​S​p​o​
t​-​r​o​b​o​t.

be significantly more difficult for the robot to know which 
route the human wants to follow in the most complicated 
situations (crossroads, unexpected obstacles, etc.). On the 
other hand, the goal-oriented intention of the human refers 
to the place where they want to take the object while the 
implementation intention refers to the concrete route that 
the human wants to follow to take this object. In any case, 
knowing the goal-oriented intention of the human allows 
discarding routes because they do not allow reaching the 
desired destination or simply because they are clearly sub-
optimal, reducing the planner’s computation time. Third, the 
human’s conscious intention is manifested every time they 
communicate with the robot, while the unconscious inten-
tion appears in the tendency or preference of each human 
to go right or left depending on whether they are right or 
left-handed or their position with respect to the robot. Tak-
ing this into account at the next fork would allow the robot 
to choose the route that is most comfortable for the human. 
Finally, taking into account the human’s short-term inten-
tion to move closer or farther away from the next obstacle 
without affecting their long-term intention, which would be 
the complete route to the destination, allows to need only a 
fine tuning of the robot’s movements instead of calling the 
global planner to recalculate a route that would be remark-
ably similar to the previous one.

These examples show the advantages of looking at human 
intention from different prisms. Moreover, their respective 
articles show the effects of bypassing some of these types of 
intention including objective reductions in task performance 
as well as subjective reductions in the human’s assessment 
of their interaction with the robot. Likewise, they also show 
how the correct processing of human intention in its dif-
ferent facets allows or facilitates other phenomena such as 
the assignment of collaborative roles (collaborator, leader, 
follower, etc.) or the emergence of negotiation processes.

5  Future Challenges

All of the use cases presented in the previous sections have 
either already been realized or may be realizable in the near 
term given the current state of the field of robotics. However, 
there remain a number of challenges that will require further 
research in both the short and long term to be addressed and 
solved. In this section we address some of these challenges 
by focusing on extending the understanding of intention not 
only to humans but also to other machines such as robots or 
cybernetic avatars.

The two examples presented in the previous section 
allow to recover the other point of view when analysing the 
concept of intention previously commented at the beginning 
of Sect. 4 and illustrated in Fig. 6. The commented case of 
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when teleoperated by the human, the avatar must interpret 
their intentions, with this interpretation being more or less 
transparent depending on the degree of control and expres-
siveness that the human has through the avatar. What are 
the implications of these considerations or how this inten-
tion should be shown in such a way that it is easy for the 
interlocutor to differentiate the contribution of each agent 
are questions that are currently unanswered. Add to this the 
option that multiple humans could operate the same avatar, 
and the potential challenges grow exponentially.

6  General Discussion

Human intention has been classified into various categories, 
indicating in each case the two extreme types that this inten-
tion can have. However, it is necessary to remember that 
typically they are not two isolated possibilities but of a con-
tinuum that goes from one extreme to the other. Except in 
the case of the goal-oriented/implementation distinction, in 
the other categories the intention can take intermediate val-
ues between the two extremes. This is particularly notice-
able in the case of the temporality classification, where it is 
totally context-dependent what we consider to be short-term 
and what means long-term. Likewise, the different classi-
fications are not mutually exclusive, since the same inten-
tion can be observed from different prisms and, therefore, 
belong to several categories. This is the reason why multiple 
works have been cited as examples in several categories at 
the same time.

In this regard, it is worth emphasizing that Fig. 4 attempts 
to show some of these relationships, although it is only an 
illustrative representation. Therefore, it should not be inter-
preted that any of the categories analysed here result from a 
linear combination of others, but only that there are depen-
dencies between them. In turn, these dependencies do not 
necessarily occur in all cases, but are the tendency that, by 
their nature, they tend to present.

Regarding the distinction between implicit/explicit and 
unconscious/conscious intention, in the psychological liter-
ature both concepts can be found intermingled [59, 62, 65], 
defining as implicit that intention of which the human is not 
fully aware. At the same time, in robotics we do find spe-
cific cases in which explicit intent is defined as that which is 
directly stated and implicit as the one that must be inferred 
[120–122]. Because this work does not seek to focus on psy-
chological studies but to use them as a basis for explaining 
different use cases in robotics, we have chosen to distin-
guish between the two categories to be able to accommodate 
a larger number of cases.

Similarly, it is also possible that some less explored cat-
egories in psychology have been overlooked. However, as 

Focusing on longer-term challenges, it arises the correct 
understanding of how the comprehension of each agent’s 
intention affects in the whole decision-making process, 
including the negotiation that inevitably arise when their 
respective intentions do not match or the assignment of roles 
when one of the agent’s intention is dominant over the oth-
ers. While this negotiation process has been slightly stud-
ied in robotics [150–153], how the intensity of each agent’s 
intention turns out to be determinant in knowing how or 
how far to negotiate remains completely unexplored. The 
same happens with the assignment of roles, for example, in 
who is going to be the leader or the follower in a coopera-
tive task; where the correct understanding of each partner’s 
intention can be fundamental.

The correct understanding and use of several of the 
classifications listed in the previous sections can be really 
useful in enabling the robot to detect cases such as when 
the human is making a joke or resorting to irony. Or even 
worse, when they are lying, situation almost unexplored in 
robotics since we always consider the goodness of human 
as if they were always willing to collaborate with the robot. 
Discrepancies between conscious and unconscious intent or 
between implicit and explicit intent could guide the robot to 
learn to recognize these cases and even know how to deal 
with them. Likewise, these aspects could enable the robot to 
face the challenge of being able to display irony-like behav-
iours or to know when it is appropriate to make a joke, tak-
ing it a step closer to being the robot accepted as a human 
companion.

Taking into account the occurrence of collective inten-
tions can help the robot by more easily modeling the inten-
tion of a group of people as a whole rather than as several 
independent individual intentions. However, the problem 
becomes more complicated when this group is composed 
of both humans and robots. Should the robot interpret the 
intent of other robots collaborating with humans as if they 
were other humans? Should these robots indicate their 
intent in a way that is easily interpretable to both the humans 
they are working with and other robots that may perceive 
them? Or, should them use different communication chan-
nels since they are going to have potentially different and 
complementary capabilities from humans? Many questions 
can be considered being the answer to each of them a chal-
lenge in itself.

Finally, the emergence of cybernetic avatars [154, 155] 
(robots that are fully or partially teleoperated by a human 
operator when desired) and their possible proliferation in 
the years to come adds an extra level of difficulty. These 
partially teleoperated robots make possible the appear-
ance of mixed intentions as a combination of the intention 
of the human and that of the avatar. The latter follows its 
own intention when it is operating autonomously. However, 
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long-term intention classifications could explain such tax-
onomies. It should also be pointed out that, to the best of 
our knowledge, no work has been found in the field of psy-
chology that attempts to present a complete taxonomy of 
human intention, making the present article potentially of 
interest not only in robotics but also for future psychologi-
cal studies.

In any case, the aim of this article is not so much to be 
scrupulous and show all the possible types of intention as 
a complete survey would do, but to ask certain questions 
that in fields such as psychology have managed to answer 
but that in robotics we may be taking for granted, such as: 
what is intention? In turn, we hope that this work will serve 
as a stepping stone for other technical researchers who are 
taking their first steps in the field of psychology and that it 
will serve as a small curated list of some of the main ideas 
that can be found in the literature and as a link to multiple 
articles with which to delve deeper into each related topic.

7  Conclusions

In this article we have drawn on decades of psychological 
research to provide a universally accepted definition of the 
concept of human intention. Also based on psychological 
and interpersonal communication studies, we have defined 
five different ways of classifying human intention and anal-
ysed each of them separately as well as the relationships that 
appear among them. This has allowed us to see how multiple 
works in the field of robotics can fit several classifications at 
the same time. Finally, by means of two specific use cases, 
we have also verified how taking into account the multi-
faceted nature of human intention can help to gain a bet-
ter understanding of human behaviour. We believe that this 
work can inspire other researchers to both extend our classi-
fication and to approach their work from other perspectives 
that will allow them to achieve higher levels of performance 
and more human-like human-robot interactions.
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indicated in the introduction, our aim is not to be exhaustive 
but to make the reader think about the concept of intention 
from multiple perspectives.

At this point, the reader might wonder how to determine 
which classification is most suitable for their specific use 
case, or when each should be applied. While we believe 
there is no universal answer applicable to all situations, 
our best recommendation would be to, during the initial 
design phase of the use case (even before outlining the spe-
cific experiment), undertake the mental exercise of analys-
ing it through the lens of all the categories presented here. 
Although some may not fit and others may merely reinforce 
the framing the researcher already had in mind, the remain-
ing categories could offer a perspective that might otherwise 
have gone unnoticed.

We believe that this may be the main usefulness of this 
work: besides offering a clear and practical definition that 
allows us to speak the same language when using the con-
cept of intention, it allows us to understand what type of 
intention we are using in our experiments and also which 
types we are not, allowing us to detect other perspec-
tives that might make our system more effective or more 
human-aware.

That said, several lessons can be drawn from the articles 
presented throughout Sect. 4. Firstly, the distinction between 
implicit and explicit intention is always useful to consider, 
as it can help identify discrepancies between the two. These 
discrepancies can be communicated to the human for con-
firmation or leveraged for other anticipatory or proactive 
behaviours [156]. This, in turn, often increases the human’s 
trust in the robot or their tendency to perceive it as a team-
mate rather than just a machine. Similarly, distinguishing 
between goal-oriented and implementation intentions, or 
between short-term and long-term intentions, typically 
enables the robot to go one step further trying to understand 
the human’s current action as part of a broader sequence. 
This allows the robot not only to predict a single next action 
but potentially several upcoming ones, or to be prepared for 
them if the possible sequences are already known. Lastly, 
we believe that the distinction between individual and col-
lective intention can be particularly relevant in scenarios 
where the aim is to foster a sense of group identity between 
the human and the robot. This shared sense of purpose can 
facilitate coordination and negotiation between them.

Finally, it is worth mentioning that it is possible to con-
sider other ways of classifying human intention than the one 
presented in this article. One of them could be to consider a 
hierarchical relationship with a main intention and that this 
is composed of multiple sub-intentions and these in turn 
composed of more atomic intentions in a way similar to 
how human goals are classified in [157]. However, we con-
sider that the goal-oriented/implementation and short-term/
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