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Social intuition: behavioral and 
neurobiological considerations
Tjeerd Jellema *, Sylwia T. Macinska , Richard J. O’Connor  and 
Tereza Skodova 

School of Psychology and Social Work, University of Hull, Hull, United Kingdom

Social intuition is instrumental in bringing about successful human interactions, 
yet its behavioral and neural underpinnings are still poorly understood. We focus 
in this article on the automatic, involuntary, nature of social intuition, rather 
than on higher-level cognitive and explicit Theory-of-Mind processes (which 
contribute to rendering social intuition meaningful in real-life situations). 
We argue that social-affective implicit learning plays a crucial role in establishing 
automatic social intuition. These implicit learning processes involve associations 
between the perception of other’s bodily articulations, concurrent events, and the 
consequences or outcomes in terms of subsequent actions, affective valences 
and visceral states. The traditional non-social implicit learning paradigms do not 
allow one to draw conclusions about the role of implicit learning processes in 
social intuition, as they lack these vital characteristics typically associated with 
human actions. We introduce a new implicit learning paradigm, which aims to fill 
these gaps. It targets agile, rapid, social-affective learning processes, involving 
cue contingencies with a relatively simple structure, unlike the very complex 
structures that underpin the traditional tasks. The paradigm features matching 
social and non-social versions, allowing direct comparison. Preliminary data 
suggest equal performance of TD (typically-developed) and ASC (autism 
spectrum conditions) groups on the non-social version, but impaired implicit 
learning in ASC on the social version. We  hypothesize that this reflects an 
anomalous use of implicitly learned affective information in ASC when judging 
other people. We  further argue that the mirror neuron mechanism (MNM), 
which is part of the Action Observation Network, forms an integral part of the 
neural substrate for social intuition. In particular as there are indications that the 
MNM supports action anticipation, and that implicitly learned information can 
trigger MNM activation, which both seem vital to a social intuition ability. The 
insights that can be derived from comparing the performances of TD and ASC 
individuals on (non)social implicit learning tasks, and the implications for the 
role of MNM activation, are discussed.
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1 Introduction

Successful socio-affective human interactions form the glue that binds society, yet we are 
only just beginning to unravel the underpinning neural and behavioral mechanisms. Typically-
developed (TD) individuals differ greatly in their social interaction abilities, while many 
psychological and neuro-developmental conditions, and mental illnesses, are characterized by 
profound difficulties in social interaction. A clear example are individuals with autism 
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spectrum conditions (ASC; Autism Spectrum Conditions, also called 
Autism Spectrum Disorders; DSM-V-TR, 2022). The juxtaposition of 
ASC and TD therefore has the potential to offer insight into the 
mechanisms and processes underpinning socio-affective interactions.

One fundamental requirement for successful interactions is the 
skill that allows one to make rapid assumptions about what actions 
others are likely to take and what their intentions, emotions and 
thoughts might be. These assumptions should be made in a fairly 
effortless, automatic, manner, without the involvement of any 
prolonged, deliberate and effortful reasoning. We commonly call this 
skill social intuition. Social intuition manifests itself as ‘immediate 
insight’, and enables the rapid, social decision-making necessary to 
successfully navigate the ever-changing socially interactive world 
(Bechara et al., 1997; Lieberman, 2000). Task demands and time-
restraints during social interactions mean that there is simply no time 
available to consciously reflect on what judgment to make or action to 
take. Therefore, individuals who depend upon deliberate, effortful 
reasoning, are likely unable to keep up with the pace of interactions. 
This may cause them to quickly lag behind and feel inadequate in 
social interactions. We propose this happens in ASC.

Social intuition can be  considered a subdivision of social 
cognition. Whereas social cognition generally is concerned with how 
people, both explicitly and implicitly, process and apply information 
about other people and social situations (Frith, 2008), social intuition 
is essentially limited to implicit, automatic, effortless, processes that 
help to steer one’s behavior in social situations in an advantageous way 
(Lieberman, 2000). The topicality of the question of how 
we  accomplish the complex task of navigating the social world is 
reflected by recent propositions for a ‘second-person’ or ‘interactive’ 
approach in social cognition and social neuroscience (Schilbach et al., 
2013; Redcay and Schilbach, 2019). This approach typically abandons 
the traditional use of 2D displays (images and videos), and replaces 
this with real-world real-time scenarios involving live actors, which 
brings social intuition to the forefront.

There are three main parts to this article. The first part [2] 
focusses on the role of implicit learning in forming social intuition. 
Here we look at the main non-social implicit learning paradigms, 
and indicate why they are of limited relevance for social interaction 
[2.1]. These non-social paradigms are then contrasted to social 
implicit learning paradigms, involving affective valences and bodily 
articulations [2.2]. We  examine whether automatic action 
anticipation – a crucial ingredient of social intuition – can 
be  brought about by implicit learning [2.3], and compare the 
performance of individuals with ASC on social versus non-social 
implicit learning tasks [2.4]. We next look at recent developments 
that aim to incorporate affective valences and bodily articulations 
in implicit learning paradigms [2.5].

In the second part [3], we  discuss future developments and 
introduce a new paradigm developed in our lab, where implicit 
learning is tested in a social version [3.1] and in a matching, 
non-social, version [3.2]. Preliminary results, interpretations, 
alternative explanations and relevance are discussed [3.3].

In the third part [4], we  examine the neural basis of social 
intuition. We  look in particular at the role the mirror neuron 
mechanism (MNM) may play in social intuition, and posit that action 
anticipation is implemented in the MNM, and, importantly, that 
action anticipation can be  triggered by implicitly learned action 
cues [4.1].

2 Implicit learning as a means to 
acquire social intuition

It has been suggested that social intuition is supported by a 
toolbox of social learning heuristics (Hertwig et al., 2013), many of 
which are implicit in nature. This means that one is not aware that any 
learning has taken place, even though it clearly affects one’s subsequent 
decision making. Implicit learning typically applies to knowledge 
about rule-governed complexities in the environment and received a 
lot of attention (Reber, 1989; Bargh, 1994; Cleeremans, 2011; Schilbach 
et al., 2013). Although implicit processing and implicit knowledge 
proved difficult to define (see Gómez et al., 2017, for a discussion), one 
or more of the following adjectives are typically used to describe it: 
unintentional, uncontrolled, goal-independent, automatic, stimulus-
driven, unconscious, efficient, effortless, fast and inflexible (Shiffrin 
and Schneider, 1977). From this list it is clear that a number of 
different dimensions are involved. Rather than each dimension 
forming a necessary constituent, what may matter most for defining 
implicitness is their relative contribution (Bargh, 1994), with 
unawareness (Moors and De Houwer, 2006) and automaticity (De 
Houwer and Moors, 2012) probably the most cited features.

Explicit learning processes, which often involve a form of 
deliberate hypothesis testing, are described by the opposite adjectives: 
intentional, controlled, goal-dependent, deliberate, top-down driven, 
conscious, inefficient, effortful, slow and flexible. Implicit and explicit 
processes may operate independently (dual process operation, 
Kliemann et al., 2013), and may be based on different mechanisms. 
This is supported by findings that the underpinning neuronal circuits 
may be dissociable, with implicit tasks showing in particular activation 
in the striatum and basal ganglia (e.g., implicit sequence learning; e.g. 
Rauch et al., 1997), anterior cingulate cortex and cerebellum, and 
explicit tasks showing in particular activation of prefrontal and visual 
cortical areas (Aizenstein et al., 2004). The relevance of the implicit-
explicit distinction has been introduced very effectively to the wider 
public by Kahneman (2011) in his book “Thinking, Fast and Slow”.

2.1 Non-social implicit learning paradigms

Humans seem to have the capacity to extract, and use, knowledge 
they apparently have no conscious access to. It could be  that this 
knowledge was initially acquired explicitly and consciously, but was 
subsequently forgotten. Yet, the knowledge did not vanish from the 
brain, and kept on exerting an unconscious influence on behavior and 
decision making. However, it could also be that the knowledge never 
reached consciousness in the first place, but was learned implicitly.

With respect to this latter route, the literature shows an abundance 
of implicit non-social learning studies, demonstrating that one can 
learn about the sequential structure or rule that governs non-social, 
artificial, stimuli presentations (such as dots or letters), without one 
being explicitly aware of this underlying structure or rule. These 
non-social implicit learning tasks typically require hundreds of trials 
to induce a learning effect. Often cited examples are the Serial 
Reaction Time (SRT) task and the Artificial Grammar Learning 
(AGL) task. In typical SRT tasks (Nissen and Bullemer, 1987) stimuli 
are presented in one of four quadrants on a screen, and participants 
need to give a speeded response that corresponds to the specific 
quadrant where the stimulus appeared. Even though participants 
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show no awareness or knowledge about the sequence, they consistently 
improve their reaction times over the course of the task, suggesting 
they had unconsciously learned the underlying pattern. In AGL tasks 
(Reber, 1967), participants are first exposed to meaningless strings of 
letters (e.g., XMXTVM; XXTRM) that are structured by a hidden, 
complex, rule (i.e., an artificial grammar). If, in a subsequent test 
phase, participants are able to accurately judge whether new strings 
follow the artificial grammar or not, then that suggests that they 
implicitly learned the underlying grammar (Reber, 1967; Dienes and 
Scott, 2005). Crucially, participants who implicitly learned the 
grammar often claim to respond at random, or to rely on an intuition 
they cannot further explain (Dienes and Scott, 2005).

The processes of unconscious knowledge acquisition, through 
implicit/unconscious learning, that emerge from these implicit 
learning paradigms, have been proposed to affect human behavior not 
only in laboratory paradigms, but also in the real-world social domain 
(Hudson et al., 2012b; Jurchiș and Dienes, 2023). However, this poses 
some serious problems. The non-social, implicit learning paradigms, 
that measure the capacity to implicitly pick-up on complex regularities 
between artificial, meaningless stimuli (dots, isolated letters), may 
be  of no value for social interactions nor for social cognition in 
general. Such stimuli have no social significance, and the very large 
number of repetitions required to learn the regularities may render it 
impractical to be relevant for social interactions (though situations are 
conceivable where exposure to social ‘rules’ results in implicit learning 
only after large number of repetitions). Last but not least, social 
interactions are characterized, and guided by, affective valences, and 
by attitudes and dispositions, associated with human actions. All of 
these are wholly missing in the non-social paradigms.

2.2 Social implicit learning paradigms: 
affective valences and bodily articulations

Greenwald and Banaji (1995) defined implicitly learned material 
as introspectively unidentified (or inaccurately identified) traces of 
past experience that mediate favorable or unfavorable feeling, thought, 
or action toward objects. This definition acknowledges the role of 
affective valences in implicit learning. It has been argued that for 
cognition to be fully effective, it is not enough that the agent is able to 
understand and predict developments in the environment, it must also 
care about them, it must desire certain types of outcomes and shun 
others (Cleeremans, 2011). In this view, emotions are computational 
tags that subserve and facilitate cognitive processes. This may be true 
not only for explicit learning but also, and maybe especially, for 
implicit learning. It has been shown that an affective valence gets 
attached to a stimulus also when that stimulus is not consciously 
recognized (Kunst-Wilson and Zajonc, 1980). These implicitly 
associated affective valences may well be essential to make the rapid, 
intuitive, decisions that are beneficial to the individual and ultimately 
support their survival (Cleeremans, 2011). This view, in which 
emotions are computational tags that subserve and facilitate cognitive 
processes, is somewhat reminiscent of Damasio’s somatic marker 
hypothesis (Damasio, 1994).

During real-life social interactions, the relevant stimuli usually 
consist of the other’s actions, gestures, facial expressions and 
vocalizations, i.e., bodily articulations of one sort or another. Picking 
up on regularities and contingencies between the occurrence of these 

bodily articulations, contextual cues, and the immediate consequences 
(in terms of subsequent actions and/or subsequent reward/
punishment) is an important source for implicit learning about others. 
Bodily articulations and affective valences thus seem necessary 
ingredients in any future implicit social learning paradigm.

There are a few cases where an attempt was made to include the 
social domain in an implicit learning paradigm (e.g., Brown et al., 
2010; Travers et al., 2013). However, in these cases, the social nature 
of the animate objects was not pertinent to the paradigm and could 
just as well have been replaced by inanimate objects (i.e., affective 
valences, attitudes and dispositions played no part). One striking 
example of implicit social learning though was reported by Bayliss and 
Tipper (2006), who found that participants who had been presented 
with different actors who either consistently looked at, or away from, 
the location where a target would appear, subsequently judged those 
actors that had looked away from the target as the least ‘trustworthy’ 
and those who had looked at the target as the most ‘trustworthy’. 
Crucially, in a debrief, participants did not recall any actor-gaze-cue 
contingencies, suggesting the contingencies had implicitly affected 
their social judgments. A further interesting finding was that this 
effect correlated negatively with the participants’ scores on the Autism 
Quotient (AQ; Baron-Cohen et al., 2001).

2.3 Anticipation of others’ actions based on 
implicitly learned cues

A social intuition, revealing itself as a sudden insight, inclination 
or drive relating to another individual, is typically prompted by the 
observation of an action or bodily articulation performed by that 
individual. However, it would be  even more advantageous if one 
would be  able to anticipate the other’s action and then for that 
anticipation to prompt the intuition. That would save precious time, 
which can be used to prepare one’s response in accordance with the 
intuition, or to coordinate one’s own actions with those of others 
(Csibra, 2008). Especially in the fast-paced social interactions, this 
would be very beneficial. The automatic anticipation of others’ actions 
is therefore thought to be an essential building block of social intuition 
(Hudson et al., 2009, 2012a; Krol et al., 2020). But what could be the 
source of such an anticipation, what could it be based on? First of all, 
actions typically do not occur in isolation, but in chains, where one 
sub-action is immediately followed by another sub-action and so on, 
resulting in an action-chain that serves a purpose (achieves a goal). 
Reaching out for a cup of coffee, bring it to the mouth, take a gulp and 
place the cup back. Once the first action of the chain started, it is able 
to trigger the entire action-chain almost instantaneously, like a row of 
falling dominos, unfolding ahead of real-time developments, and thus 
allowing the observer a glimpse of the future. The triggering event 
could also precede the action, it could for example be formed by the 
other’s initial attention being directed at the object (Jellema et al., 
2000). In general, others’ actions seldom commence unheralded, they 
usually are foreshadowed by cues, which can be action cues (as above) 
or originate in the environment. Environmental/contextual cues can 
be artificial and explicit, such as a pedestrian traffic light jumping to 
green (the person waiting is expected to start walking), but can also 
be subtle and implicit.

Especially in social interactions, cues tend to be  subtle and 
implicit (Amso and Davidow, 2012). Here, learning opportunities 
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are often not explicit, as the learned cue-action contingencies may 
not reach consciousness (Monroy et al., 2019). The observer may 
remain completely unaware that any knowledge has been acquired, 
but the cue will nevertheless induce automatic anticipations in the 
observer regarding others’ upcoming actions (Braukmann et al., 
2017; Monroy et al., 2019). For example, when someone slightly 
moves in their chair in preparation to stand up, or slightly raise 
their hand when they are about to say something. Or when a nurse 
immediately sees what the patient wants to do, or a flight attendant 
immediately gauges that a passenger is going to cause trouble. Their 
insights are based on the automatic interpretation of a constellation 
of often simultaneously occurring cues. However, when one would 
ask the nurse or flight attendant how they reached their judgment, 
they may not even be able to recall the exact cues, they just ‘saw’ it. 
Nevertheless, a lot of implicit learning must have taken place before 
they were able to pick up on the relevant cues and then just ‘saw’ it 
(a naïve observer would have been oblivious). Without this implicit 
learning ability, other’s actions would indeed often come 
unheralded, with the potential to surprise and bewilder any 
observer. This is, however, exactly how individuals with ASC, who 
arguably lack social intuition, often describe their experiences of 
others’ actions. For them, deciphering the intended meaning of 
such actions is often anything but effortless and automatic.

2.4 Implicit learning in autism

ASC is a pervasive neurodevelopmental condition characterized 
by atypicality in social communication, impaired social 
development, and stereotypical, repetitive behaviors, often 
associated with obsessive interests and a lack of empathy (DSM-V-
TR, 2022). Symptom severity varies hugely in ASC; three levels are 
identified based on severity and need of support. Already at Level 
1 (previously called high-functioning autism), which is the least 
severe level with normal IQ distribution and no, or limited, need 
for support, the difficulties in social and emotional domains are 
marked. Intriguingly, it has been suggested that the deficits in the 
social domain that characterize ASC may have their roots in 
impairments in implicit (spontaneous) processing, with relatively 
intact explicit (deliberate) processing (Jellema et al., 2009; Senju 
et al., 2009; Schilbach et al., 2012). These ideas align with the Dual 
Process Theory of Autism (Evans, 2003), which proposes a 
dominance of deliberative (Type 2 processing) over intuitive (Type 
1) processing. This proposition seems plausible, as in the social 
domain it is especially the quick and intuitive interpretation of 
others’ non-verbal behavior that is problematic in ASC. However, 
studies aimed specifically at finding out whether implicit learning 
is impaired in ASC concluded that it is intact (e.g., Gordon and 
Stark, 2007; Barnes et al., 2008; Brown et al., 2010; Nemeth et al., 
2010; Foti et al., 2015). Crucially though, all these studies had one 
important limitation in common: they focused exclusively on 
implicit learning in the non-social domain, using tasks involving 
probabilistic sequence rules. The social domain, where implicit 
learning relies on affective valences associated with the stimuli, and 
abstract concepts such as dispositions and intentions, was not 
incorporated. It may well be that different mechanisms are at play 
in the implicit learning of social, as compared to non-social, 
information.

2.5 Recent advances in the study of social 
implicit learning

Recently, a few studies aimed to specifically address the limited 
relevance of the non-social learning paradigms for social interactions 
(Norman and Price, 2012; Zhang et  al., 2020; Costea et  al., 2023; 
Jurchis et al., 2023; Jurchiș and Dienes, 2023). For example, Jurchis 
et al. (2023) took the approach to try and ‘socialize’ the traditional 
Artificial Grammar Learning (AGL) task. In the traditional AGL task, 
strings of meaningless letters are presented in the acquisition phase. 
In Jurchis et al. (2023), these strings of letters were replaced by strings 
of emotional facial expressions (all faces in one and the same string 
belonged to the same identity). As in the traditional AGL task, the 
strings of faces followed a hidden grammar, determining a number of 
specific sequences in which the faces were presented. In this way, 
Jurchis and colleagues were able to subject their implicit social 
learning paradigm to the same rigorous methods and principles that 
govern non-social implicit learning paradigms. At the start of the 
acquisition phase, participants were told that they had to remember 
the stimuli in each string. At the start of the test phase, they were told 
that the sequences in which these stimuli were presented had actually 
been specified by a complex set of rules, and that their task was to 
determine whether new test strings followed these rules or not. The 
number of repetitions of strings in the acquisition phase was also 
dramatically reduced compared to the non-social equivalent. In the 
test phase, where participants indicated whether the new strings 
followed the rule or not, in 70.6% of the trials they reported that their 
judgments were based on implicit/unconscious knowledge (the 
participants indicated that the remaining judgments were based on 
explicit knowledge). The implicit/unconscious judgments turned out 
to be correct in 58.2% of trials, which was significantly above-chance. 
In a further experiment in Jurchis et al. (2023), and also in Jurchiș and 
Dienes (2023), the same paradigm was used but with stimuli 
consisting of strings of martial art poses. These poses were ‘social’ in 
that human beings were presented displaying meaningful bodily 
articulations, yet (presumably) lacking in emotional valence. Similarly, 
in 67.5% of the trials, participants attributed their responses to 
unconscious knowledge, and in 57.5% of these latter trials the correct 
answer was given, again significantly above-chance.

Thus, implicit learning could be induced using social stimuli with 
relatively small numbers of repetitions, both when affective valences 
were associated with these stimuli and when not. However, these 
paradigms still do not resemble the patterns and types of stimuli that 
characterize real social situations, nor are emotional, motivational and 
interactive aspects of real social situations included. A few issues in 
particular spring to mind when considering the relevance of these 
tasks for daily-life social intuition. (i) While emotional facial 
expressions are highly relevant for social interactions, the simultaneous 
presentation of multiple facial expressions belonging to one and the 
same individual is impossible to encounter in real-life. Although the 
task recruits emotional processes, it is not done in an ecologically 
meaningful way. (ii) The participants were instructed to direct their 
attention to the very stimuli whose appearance was specified by the 
hidden rules. In daily-life interactions, the contingencies/regularities 
between bodily cues and their consequences typically do not form the 
focus of attention. Rather, attention may be  focused on the joint 
activity (e.g., a conversation) one is engaged in, while the 
accompanying bodily cues that trigger anticipations may very well not 
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be noted consciously. It is therefore unclear to what extent participants’ 
behavior in this task informs about what people can learn from 
regularities/contingencies in real-life situations.

3 Future developments in implicit 
social/affective learning paradigms

In a series of recent experiments, Macinska and Jellema used a 
new implicit learning paradigm, designed to be particularly relevant 
for real-world social interaction (Macinska et al., 2015a,b; Macinska 
and Jellema, 2016; Macinska, 2019). The core paradigm was developed 
in Hudson et al. (2012b). The implicit social learning induced by this 
paradigm is characterized by rapid, agile, incidental processes that 
track relatively low order stimulus combinations, rather than slower 
processes that track very complex sequences and combinations, as in 
the traditional implicit learning paradigms. It requires a relatively 
small number of repetitions (about 10) to induce implicit learning 
effects, and allows to specifically compare participant’s abilities for 
social versus non-social implicit learning. With respect to the latter, a 
non-social paradigm was designed that matched the social paradigm, 
as far as possible, in terms of the number of cues, internal structure 
and difficulty-level. This direct comparison is important as there is still 
a large gap in our knowledge about the extent to which the distinction 
between the social and non-social domain is relevant. Thus, in both 
paradigms a specific contingency between three different cues had to 
be learned. The main difference was, however, that implicit learning 
in the social paradigm crucially depended on affective valences, which 
were absent in the non-social paradigm, where learning depended 
purely on stimulus contingencies. The social cues were deliberately 
chosen for being straightforward and simple, so that ASC participants 
should not experience problems in deciphering their meaning. This 
was done to ensure that possible difficulties in implicit learning of the 
social contingencies cannot be  attributed to difficulties with 
representing the social information per se.

Importantly, in the acquisition phases of both paradigms, 
contingencies rather than probabilities, have to be learned. That is, a 
rule determined specific contingencies between coordinated changes 
in the appearances of three distinct cues (each with two levels). The 
specific appearance of the level of one cue can be predicted with 100% 
certainty on the basis of the appearances of the levels of other two 
cues. It should be noted that in these paradigms, the participant is 
asked to simply watch the video-clips; there was no attempt to draw 
their attention to certain stimuli and they were not given a task to do. 
The acquisition phase was rather short (4 min), so they should 
be expected to maintain attention throughout that period.

3.1 Social version

3.1.1 Acquisition phase
In the social version, the three cues were: dynamic facial 

emotional expressions (levels: happiness vs. anger), gradual eye gaze 
shifts (levels: toward vs. away), and identity (levels: identity A vs. 
identity B). The advantage of using dynamic facial expressions is that 
they are more ecologically-valid (Jellema et al., 2011; Palumbo and 
Jellema, 2013; Palumbo et al., 2015; Sato et al., 2019). Participants were 
presented with short video clips (2 s) depicting the frontal face view of 

an actor (agent A or agent B; Figure 1). Their facial expressions and 
gaze directions changed smoothly over the course of the clips, 
displaying a natural facial movement. Fifty percent of trials showed 
actor A, the other 50% actor B, in random order. Actor A started with 
a happy expression looking straight ahead (at the observer), which 
then gradually morphed into an angry expression, while 
simultaneously the eye direction gradually moved away from the 
observer (so that in the final frame the actor looked angry away from 
the observer). The clips were also played backwards an equal number 
of times. Thus, it can be said that agent A had a positive disposition 
toward the observer. Agent B started with a happy expression looking 
away from the observer, which gradually morphed into an angry 
expression, while simultaneously the eye direction gradually moved 
toward the observer (clips were also played backwards an equal 
number of times). Actor B thus had a negative disposition toward the 
observer. Importantly, both actors smiled and frowned for exactly the 
same amount of time and looked at, and away from, the observer for 
exactly the same amount of time. This was to ensure that the actor’s 
pro- or anti-social disposition toward the observer could only 
be learned on the basis of the specific combination of two cues linked 
to an identity; the agent’s disposition could not be learned on the basis 
of each cue on its own. Too many repetitions meant most participants 
would detect the contingency (i.e., explicit learning), while with too 
few repetitions no implicit learning might take place.

3.1.2 Test phase
In the subsequent test phase, an indirect measure was used to find 

out whether any implicit learning had taken place. This measure 
involved a morph of the facial expressions of the two identities A and 
B, flanked by the original neutral faces of these two identities. The 
morphed identity was composed of 60% of the maximally smiling 
actor A and 40% the maximally smiling agent B (happy morph), and 
then progressed in steps of 5% toward 40% of the maximally smiling 
actor A and 60% the maximally smiling agent B. The same procedure 
was followed for the frowning actors A and B. Participants had to 
indicate for each morphed identity whether it resembled more closely 
agent A (who had a positive disposition toward the observer) or agent 
B (who had a negative disposition toward the observer). The rationale 
was that when participants had implicitly learned that identity A had 
a positive, and identity B a negative, disposition toward them, then 
they would be more likely to judge the smiling morph (containing 
50% of A and 50% of B, both smiling maximally) as more similar to 
identity A, and the frowning morph (containing 50% of A and 50% of 
B, both frowning maximally) as more similar to identity B. This is 
expected, as, intuitively, they would associate identity A with a 
positive, and identity B with a negative, valence.

Whether or not the participant had consciously detected the 
cue-identity contingencies was determined in a short debrief session, 
in which a series of questions were asked probing any awareness of the 
contingencies. Participants who had detected the contingencies were 
removed from the analysis.

3.2 Non-social version

3.2.1 Acquisition phase
Two different shapes, a square and a circle, were used as the 

equivalent of the two identities A and B. The color of these objects 
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– light blue or dark blue – was used as the equivalent of facial 
expressions of joy and anger, respectively. Therefore, a smooth 
dynamic change from light-blue to dark-blue, and vice versa, served 
as the equivalent of the changes in facial expression between joy and 
anger. A small red object positioned at the top or bottom position 
inside the bigger blue object, served as the equivalent of gaze direction 
(toward and away, respectively), while the dynamic, smooth up-or 
down-ward movement of this red object within the larger blue object 
served as the equivalent of the change in eye gaze direction. Vertical, 
rather than horizontal, movements were chosen to avoid interpretation 
of the small red objects as eyes, which might bestow the stimulus with 
animacy. Half of the clips started with the light-blue square, with the 
small red object at the top, which then gradually morphed into a dark-
blue square with the small red object at the bottom (also played 
backwards). The other half of the clips started with the light-blue circle 
with the small red object at the bottom, which gradually moved into 
a dark-blue circle with the small object at the top (also 
played backwards).

3.2.2 Test phase
The nonsocial test phase was, as far as possible, equivalent to its 

social counterpart: morphs of the square and circle were presented 
(in 5% steps), in either a dark-blue (≈ anger) or light-blue (≈ 
happy) color, with the small red object shown at the top, or bottom, 
of this morphed object (producing four different morph 

configurations; see Figure 1, Test phase nonsocial). Target objects 
were flanked by the two original objects, which were shown in a 
color that was exactly midway the light-and dark-blue colors of the 
Acquisition phase (≈ neutral expression, midway happy and angry). 
Participants had to indicate whether the target object resembled 
more closely object A or object B. The rationale was that when 
participants had implicitly learned the specific contingencies, then 
they would judge the morphed target object to be more similar to a 
circle if the little red object was (i) at the top of the dark-blue target 
object, or (ii) at the bottom of the light-blue target object. Similarly, 
they would judge the target as more similar to a square if the small 
red object was at the top of the light-blue target, or at the bottom of 
the dark-blue target. As in the social condition, a debrief was held 
in which questions probed awareness of the stimulus contingencies. 
This showed that, similar to the social version, none of the 
participants had detected the stimulus contingencies.

In principle, this paradigm is open to a simpler type of learning, 
namely perceptual learning. That is, it could be  that participants 
explicitly remembered the perceptual image of for example agent A 
with a smile and forward directed gaze. When, in the test phase, the 
morphed target is shown with a smile and eyes directed forward, then 
this could trigger the perceptual image of agent A with a smile looking 
forward. This would mean that the participant could give the correct 
response (‘agent A’) without having implicitly learned that agent A 
holds a positive disposition toward the observer. To avoid this 

FIGURE 1

Schematic representation of the social and non-social implicit learning paradigms. The social identities are shown with differently colored hair for the 
purpose of illustrating their different identities. Responses in the Test phase (‘A’ and ‘B’) that reflect correct implicit learning are underlined.
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possibility, the morphed target of the test phase was shown with the 
eyes covered by dark sunglasses obscuring visibility of eye gaze 
direction (Figure 1; note that the dark sunglasses did not prevent the 
morphed agent from expressing a disposition).

3.3 Preliminary results and hypotheses for 
future studies

We present here unpublished results based on 61 TD individuals 
who performed the Social task and on 65 participants who performed 
the Nonsocial task (37 of them performed both tasks; Social task: Age, 
M = 21.5, SD = 5.6; 25 males; Nonsocial task: Age, M = 20.7, SD = 4.7; 
22 males; Figure  2). Two-way repeated measures ANOVAs were 
performed on the participants’ judgments in both tasks. In the Social 
task, the two factors were Disposition (two levels: negative disposition 
or anti-social vs. positive disposition or pro-social) and Proportion 
(five levels: proportions of agents A and B contained in the Target face, 
ranging from 60%A/40%B, to 40%A/60%B, in steps of 5%). The main 
effect of Disposition was significant [F(1, 60) = 8.2, p  = 0.006, 
ηp

2 = 0.12], reflecting that smiling Target faces were judged to resemble 
more the agent with the pro-social than the agent with the anti-social 
disposition, while frowning target faces were judged to resemble more 
the agent with anti-social than with pro-social disposition. The main 
effect of Proportion was also significant [F(4, 240) = 32.7, p < 0.001, 
ηp

2  = 0.35]. The Disposition by Proportion interaction effect was 
non-significant [F(4, 240) = 0.99, p  = 0.42, ηp

2  = 0.016]. In the 
Non-social task, the two factors were Object (two levels: square vs. 
circle) and Proportion (five levels: proportions of objects A and B 
contained in the Target object, changing in steps of 5%). A similar 
pattern emerged as for the Social task, with significant main effects for 
Object [F(1, 64) = 41.6, p < 0.001, ηp

2 = 0.39] and Proportion [F(4, 
256) = 15.9, p < 0.001, ηp

2 = 0.20], and no significant interaction effect 
[F(4, 256) = 0.83, p = 0.51, ηp

2 = 0.013]. Thus, in both tasks, significant 
implicit learning effects were found.

Since the participants’ Autism Quotient scores (AQ; Baron-Cohen 
et al., 2001) had also been measured, we further explored any influence 
of AQ scores on implicit learning ability. AQ scores indicate the extent 
to which someone possesses autistic-like traits (ranging from 1 to 
maximally 50; higher scores reflecting a higher extent of autistic-like 
traits). Previous work indicated that the TD samples scoring low and 
high on the AQ may perform significantly different on social cognition 
tasks (Burnett and Jellema, 2013; Macinska and Jellema, 2022). The 61 
TD individuals who performed the Social task had a mean AQ score 
of 17.6 (SD = 6.8, range 5 to 32); the 65 individuals who performed the 
Non-social task had a mean AQ score of 18.0 (SD = 6.5, range 7 to 32). 
To explore the hypothesis that autistic traits have a differential 
influence on implicit social/affective learning versus non-social 
learning, we computed the Pearson correlation coefficient to assess the 
linear relationship between AQ scores and a measure of implicit 
learning for both the Social and Nonsocial tasks. For the Social task, 
this measure was defined as the difference between the scores obtained 
for the 50%A/50%B frowning and smiling Targets. For the Nonsocial 
task, this measure was the difference between the 50%A/50%B light-
blue and dark-blue colored Targets. Intriguingly, there was a significant 
negative correlation for the Social task [r(62) = −0.36, p  = 0.004, 
two-tailed], indicating that autistic traits influenced the social/affective 

implicit learning ability (individuals having more traits being worse at 
it), while there was no significant correlation for the Nonsocial task 
[r(62) = −0.052, p = 0.69, two-tailed], indicating that autistic traits did 
not influence the nonsocial implicit learning ability. Future 
experiments will test individuals with ASC on these tasks. Our 
hypothesis is that the trend described above showing poorer implicit 
social/affective learning in the TD individuals with higher AQ scores, 
will become more prominent in individuals with ASC, while implicit 
learning in the nonsocial task will remain unaffected by ASC 
(Figure 2).

This outcome would suggest that a failure of the ASC group to 
implicitly learn in the social condition would not be due to an inability 
to implicitly learn cue contingencies per se (they are hypothesized to 
perform as well as the TD participants in the non-social condition), 
but may be related to an impairment to learn implicitly on the basis of 
affective valences.

A possible alternative explanation for the results, which does not 
assume an impairment in implicit affective learning in individuals 
high in autistic traits, is anomalous monitoring of the other’s eye gaze. 
If these participants would avoid looking at the agent’s eyes, or would 
avoid looking at direct gaze, then that would have repercussions for 
learning of the contingencies. Therefore, the scanning patterns of 
these facial expressions were examined in both TD and ASC groups 
in a separate study (Macinska et  al., 2023). The study focused on 
eye-tracking using visual stimuli identical to those described here, but 
did not involve a test for implicit social learning. It revealed that both 
the TD and ASC groups spent most of their time fixating the agent’s 
eyes, irrespective of gaze direction, which renders this 
explanation unlikely.

Another alternative explanation might be that individuals with 
low and high AQ scores differed in their memory for the facial 
expressions for particular gaze directions (i.e., an interaction between 
expression and gaze). For example, if the individuals high in autistic 
traits were poor in remembering facial expressions of anger when the 
gaze was directed at them, but were fine with remembering expressions 
of anger with gaze directed away, then that might go some way in 
explaining the results. However, in a study specifically addressing 
memory for facial expressions and possible modulation by gaze 
direction, using identical visual stimuli (Macinska and Jellema, 2022), 
autistic participants remembered the facial expressions of previously 
encountered persons as well as TD participants, without any 
interaction effects with gaze direction. Note that implicit learning was 
not measured in Macinska and Jellema (2022). Thus, this explanation 
can also be excluded, leaving the impaired implicit social-affective 
learning explanation as a viable option.

It is further possible that the agent’s positive affect directed at the 
observer acted as a reward, which might have facilitated implicit 
learning. Such an effect would then be expected to be less pronounced 
in individuals who are somehow less susceptible to social rewards. It 
has been argued that individuals with ASC might possess a lowered 
ability to implicitly associate a reward value to a social stimulus, 
resulting in reduced social motivation (Dawson et al., 2005; Chevallier 
et al., 2012; Panasiti et al., 2015). Remarkably, these processes may 
be influenced by gender. In an fMRI (functional magnetic resonance 
imaging) study, Lawrence et al. (2020), using an instrumental implicit 
learning task, found reduced sensitivity to social reward (i.e., smiling 
faces) in frontostriatal and limbic structures in boys, but not in girls, 
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with ASC. Reduced sensitivity to social reward in individuals high in 
autistic traits could in principle have contributed to our results. 
However, the majority of the participants in that group were female 
and thus, presumably, were sensitive to social reward.

Finally, it is possible that the presentation of dynamic facial 
expressions might have biased against implicit learning in individuals 
high in autistic traits, as it has been reported that the perception of 
dynamic, but not static, facial expressions, reduced activity in the 
amygdala and fusiform gyrus in ASC individuals (Pelphrey et al., 
2007). However, the clips’ initial and final static frames, presented for 
750 ms each, were most informative for implicit learning about the 
agent’s disposition, and we  therefore do not expect this to be  a 
major factor.

Which aspects of social intuition, as we defined it, does the 
newly designed task tap into? We described the social intuition 
ability as ‘the skill that allows one to make rapid, assumptions about 
what actions others are likely to take and what their intentions, 
emotions and thoughts might be’. We further argued that this is 
mainly achieved through implicit learning of regularities and 
contingencies between bodily articulations, contextual cues, and 
the immediate consequences (in terms of subsequent actions and/
or reward/punishment)’. The ability purportedly measured by the 
current task supports the sub-part of social intuition concerned 
with unconsciously associating a positive or negative valence with 
a particular identity on the basis of the implicit learning of specific 
contingencies between bodily articulations performed by that 
identity. In the new paradigm, the main bodily articulation 
consisted of a gradual change of an angry facial expression into a 
happy one, or vice versa. A change into a happy expression, 
however, does not necessarily result in the agent having a positive 
disposition toward the observer. For that to happen, the change in 
facial expression needed to be  accompanied by another bodily 
articulation: a simultaneous change in gaze direction toward the 
observer (a change in opposite direction would not have led to a 
positive disposition toward the observer).

4 Neural basis of social intuition

The neural basis of social cognition has been the subject of 
extensive investigation, largely focusing on the deliberate, conscious, 
social cognitive processes (e.g., Frith, 2007; Adolphs, 2009). However, 
the neural basis of specifically social intuition, which is largely 
automatic and unconscious in nature and comprises of processes 
leading to decisions, responses and insights that are predominantly 
based on the perception of others’ bodily articulations, has received 
much less attention. Hence, the current state of knowledge of the 
neural basis of social intuition is limited (cf. Wachowicz, 2020).

We posit here that the neural basis of social intuition may 
be linked to one of the key functions attributed to the mirror neuron 
mechanism (MNM; Rizzolatti and Craighero, 2004). The MNM 
‘matches’ the visual description of another’s bodily articulation or 
action (either visually perceived or imagined) with an activation of 
those cortical motor circuits that are responsible for the execution of 
that same action, without it resulting in an overt execution of the 
action. The motor activity, as it were, mimics, or mirrors, the perceived 
(or imagined) action. How the ‘matching’ between observed and 
executed actions comes about remains to be elucidated, but associative 
learning processes are likely to be involved. Some even argue that the 
‘mirroring’ is caused entirely by associative learning processes, starting 
from a very early age, since the baby/infant tends to look at their own 
actions, for example to guide their actions to a desired goal (Heyes, 
2010). According to the latter view, the functional significance of the 
mirroring process may be limited, as it is seen as merely a by-product 
of associative learning. However, the ‘accidental’ forming of 
connections between matching visual and motor representations may 
in fact, rather than being a useless by-product, have far-reaching 
consequences. Furthermore, the contribution of associative learning 
processes does not exclude the possibility that brains are programmed 
to project visual descriptions of others’ actions (perceived or 
imagined), represented in the superior temporal sulcus (STS; Jellema 
and Perrett, 2003a,b; Pitcher and Ungerleider, 2021), onto the brain 

FIGURE 2

Task performance. The judgments made by TD individuals regarding the morphed target stimuli are presented for the Social implicit learning task (left 
panel) and for the Non-social implicit learning task (right panel).
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substrate that generates the execution of that action (without there 
being any intention to execute the action). The STS indeed projects 
heavily onto the parietal areas of the MNM (e.g., Rizzolatti and 
Luppino, 2001; Rozzi et al., 2006). In addition, the inferior temporal 
lobule projects to parietal mirror areas conveying information about 
the identity of the agent/object involved in the action (Borra 
et al., 2008).

Crucial for the proposed role of the MNM in social intuition is 
that the internal ‘mimicking’ of the observed action automatically 
makes a wealth of information available to the observer. That is, the 
off-line ‘execution’ of the observed action activates, apart from the 
motor representation of the action, also a range of action-associated 
areas. When one executes a particular action, numerous action-
associated aspects, such as the accompanying visceral states (Critchley 
and Harrison, 2013), the action’s effect or outcome in terms of reward 
or punishment (Prinz, 1997), the somatosensory feedback, and the 
most likely subsequent action (Braukmann et  al., 2017) and/or 
response by another individual (Hunnius and Bekkering, 2010), all 
occur close in time to the action execution, and therefore get linked 
to the action representation. Thus, the mere observation of an action 
will make these linked aspects instantly available to the observer, 
which helps to immediately ‘understand’ the action in terms of its 
direct consequences and affective significance. In this view, the 
‘mirroring’ may subserve the immediate, automatic, understanding of 
other’s bodily articulations ‘from within’ (Rizzolatti and Sinigaglia, 
2013, 2023), on the basis of one’s own motor repertoires, experiences 
and feelings. The term ‘understanding from within’ alludes to the 
experiential nature of the neural processes involved, in contrast to a 
deliberate, effortful, inferential understanding of others, which is 
usually indicated as explicit Theory of Mind. Thus, one could envisage 
the MNM as part of the neural substrate for social intuition, enabling 
the quick ‘understanding’ of others’ actions and gestures, on the basis 
of merely observing them.

4.1 Neural basis of action anticipation

Another reason for suggesting that the MNM may be part of the 
neural substrate for social intuition is that there are strong indications 
that it is sensitive to others’ upcoming actions – i.e. action anticipation 
– on the basis of contextual cues that signal that the action is 
forthcoming (Urgesi et al., 2006; Kilner et al., 2007; Southgate et al., 
2009; Maranesi et al., 2014; Braukmann et al., 2017; Krol et al., 2020). 
As discussed above, the ability to automatically anticipate others’ 
actions is a crucial component of social intuition. Its neural basis has 
been investigated, in particular, using EEG (Electroencephalography), 
due to its superior temporal resolution (anticipation effects may 
be short-lived, < 1 s; Maranesi et al., 2014). In particular, suppression 
of the power of the mu rhythm (8–13 Hz), which can be recorded over 
sensorimotor and parietal cortex, has been taken as an index for 
MNM activity (thus, the larger the suppression the larger the neural 
activation). The main reason for this latter assumption is that Mu 
power suppressions occur both during the execution and observation 
of actions (see Fox et al. (2016) and Hobson and Bishop (2016, 2017), 
for critical evaluations of the supposed Mu-MNM link). Initially, it 
was thought that the MNM activates exclusively during the course of 
observed actions (1-to-1 resonation), but evidence is now 
accumulating that it also activates during the anticipation of upcoming 

predictable actions (Umiltà et al., 2001; Urgesi et al., 2006; Kilner et al., 
2007; Csibra, 2008; Southgate et al., 2009; Maranesi et al., 2014; Krol 
et al., 2020). Some studies reported anticipatory power suppressions 
in the Beta frequency range (13–25 Hz; e.g. Braukmann et al., 2017; 
Monroy et al., 2019), rather than in the alpha range. In Braukmann 
et al. (2017), participants were presented with transient actions (e.g., 
making a cup of tea) consisting of three distinct action steps increasing 
in predictability: whereas the goal of step one was ambiguous, the goal 
of step three was highly predictable. The main finding was that 
predictive motor system activation, as indexed by beta-band 
attenuation, increased with increased predictability, with strongest 
activation prior to the final, most predictable, step. Intriguingly, there 
are indications that the Mu anticipation effects are much stronger in 
response to real-world actions presented by a live actor (Krol et al., 
2020), as compared to actions presented in videos (Krol and Jellema, 
2022, 2023). It is yet unclear why that is the case, but possibly the 
observer’s engagement with the observed action plays a role.

It remains to be explored whether individuals with impaired social 
intuition, such as those with ASC, show less anticipatory mu 
suppression. If so, then that would be  another indication for the 
involvement of the MNM in social intuition. With respect to Mu 
suppression during the observation of actions there are conflicting 
findings, There are reports of significantly weakened Mu suppression 
in ASC (e.g., Bernier et al., 2007; Oberman et al., 2013; Dumas et al., 
2014), but others reported no difference (e.g., Fan et al., 2010; Ward 
et al., 2021). Overall there seems to be a trend toward weaker Mu 
suppression in individuals with ASC compared to TD individuals. The 
variation can be  due to various factors, such as participant age, 
heterogeneity of the ASC sample, small number of participants, use of 
intransient actions or static images, or the use of a separate, rather 
than a within-trial, baseline.

Action anticipation is intrinsically linked to the action-chain 
organization of motor cortex (Fogassi et  al., 2005). Goal-directed 
actions typically can be  delineated as a sequence of discrete 
sub-actions, and each of these sequences is engrained in motor cortex 
in a unique manner (Fogassi et al., 2005). This means that neurons 
coding for say grasping an object to bring it to the mouth are different 
ones from neurons encoding an identical grasping action, but forming 
part of another action-chain, such as grasping the object to place it 
away. This seems an uneconomical way to represent action-chains in 
motor cortex, but it means that the entire action-chain can be triggered 
almost instantaneously, allowing the observer a peek into the future 
and a sense of the action’s goal. Thus, the observer does not need to 
perform any deliberate, effortful thinking to figure out the next stage 
of the action, but just ‘sees’ it, as is typical for social intuition. 
Disruption of the automatic unfolding of action-chains might 
underpin impairments in reading the goal of others’ actions. Cattaneo 
et  al. (2007) showed, using electromyography recordings, that in 
children with ASC the automatic unfolding of action-chains indeed 
seems to be compromised.

Though EEG is well able to capture the relatively fast (< 1 s) 
anticipation effects, it lacks the spatial resolution to delineate the 
sensorimotor, parietal and occipital sources of the power suppressions 
in the 8-13 Hz frequency band. Therefore, fNIRS (functional near-
infrared spectroscopy; Chiarelli et al., 2017), which depends on the 
relatively “sluggish” BOLD (blood oxygen level dependent) response, 
but offers good spatial resolution, in combination with EEG would 
be a way forward. Like EEG, but unlike fMRI, fNIRS allows real-world 
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live action presentations, which seem a prerequisite to evoke Mu 
anticipation effects.

Recent studies suggest that anticipatory MNM activity can 
be  triggered not only by explicitly learned information (such as a 
specific color signal, indicating that an action is upcoming, Krol et al., 
2020), but, crucially, also by implicitly learned information (e.g., 
Braukmann et al., 2017; Monroy et al., 2019). This is highly relevant 
as it further supports the candidacy of the MNM as neural substrate 
for social intuition, since, as we argued, implicitly learned information 
forms the backbone of social intuition. In Monroy et al. (2019), in the 
acquisition phase, infants were shown videos displaying a hand 
performing six different actions uniquely directed at six different toys. 
Trials consisted either of deterministic action pairs (e.g., action A was 
always followed, after a 1 s delay, by action B) or of random pairs (e.g., 
action C was followed, after the 1 s delay, by any of the other five 
actions). In the test phase, the authors found that motor activity 
during the 1 s delay interval selectively increased in anticipation of 
deterministic actions and not prior to random actions. Given their 
mean age of 18 months, their learning might be  classed as 
implicit learning.

We see the MNM as an important hub in the neural network 
supporting social intuition. This network likely includes various social 
brain areas (Frith, 2007; Adolphs, 2009; Yang et  al., 2015), but, 
crucially, also areas involved in implicit learning, possibly including 
the caudate and putamen in the basal ganglia (Lieberman, 2000), and 
areas representing reward and feelings, such as the ventral striatum 
(e.g., Sims et  al., 2014), amygdala (e.g., Stanley et  al., 2008) and 
anterior insular cortex (e.g., Lamm and Singer, 2010).

5 Concluding remarks

The traditional non-social implicit learning paradigms, as 
implemented in for example the SRT and AGL tasks, do not allow to 
draw conclusions about the role of implicit learning processes in social 
intuition, as they lack a number of vital characteristics associated with 
social intuition, such as bodily articulations, affective valences and 
attitudes/dispositions. The premise put forward in this article is that 
social intuition is largely based on the implicit learning of associations 
between the other’s bodily articulations and the consequences or 
outcomes in terms of subsequent actions and events, and associated 
affective valences. This means that: (i) the underlying structures of the 
learning processes may be relatively simple, and may not resemble the 
very complex structures that underpin the traditional tasks. (ii) 
Learning processes should be agile and relatively rapid, and should not 
require many hundreds of trials as in the traditional tasks. (iii) 
Affective valences should be incorporated in the paradigm, as these 
are a defining characteristic of social intuition (Cleeremans, 2011).

Attempts to ‘socialise’ the traditional AGL task have recently been 
undertaken (e.g., Jurchis et al., 2023; Jurchiș and Dienes, 2023), but 
these paradigms are still rather non-ecologically-valid and do not 
incorporate affective valences. The studies by Macinska and Jellema, 
highlighted in this article, are another attempt to address this issue. In 
this paradigm positive or negative valences are unconsciously 
associated with a particular identity, on the basis of implicitly learned 
contingencies between bodily articulations performed by that identity. 
This approach seems able to discriminate between individuals low and 
high in autistic traits. Whether an impairment in implicit affective 
learning in ASC, as suggested by these studies, indeed has 

consequences for the development of their social intuition skills 
remains to be confirmed. It should be noted, however, that while the 
Macinska and Jellema paradigm is more ecologically valid than other 
paradigms, it is still not really reminiscent of a social interaction. 
Further, a risk associated with the latter paradigm is that other forms 
of learning, such as perceptual learning, could possibly interfere with 
the results.

The cues on which implicit social learning is based consist, to a 
large extent, of bodily articulations (gestures, actions, facial 
expressions, eye gaze direction, vocalizations), all of which are 
specifically represented in the MNM. A major premise of this article 
is that the MNM is a crucial hub in the neural social intuition network. 
This, however, poses an interesting problem. According to the 
extensive literature on the MNM (e.g., Rizzolatti and Craighero, 2004), 
the main input to the MNM consists of the visual description of the 
other’s action, which causes motor resonation in the MNM, leading 
to activation of associated areas that represent consequences of the 
observed action. These associated areas are those areas that would 
have been activated if the observer themselves would have carried out 
that action, and are therefore intricately linked to the action 
representation. Such consequences may consist of the most likely 
subsequent action/event, visceral states, affective states, sensory 
feedback and possible reward/punishment. This means that mere 
observation of the action makes these outcomes directly ‘available’ to 
the observer, and lead to what Rizzolatti and Sinigaglia (2013, 2023) 
called an ‘experiential’ understanding of the action (or understanding 
‘from within’).

The interesting problem is that the ‘immediate insight’ 
we commonly call social intuition pertains to the other individual’s 
attitude/disposition, not to the observer’s own attitude/disposition; 
these two may differ profoundly. How then can motor resonation in 
the MNM bridge this gap? We propose that implicit social learning 
plays a crucial role. When the observation of the agent performing a 
particular action in a particular context does not trigger any implicitly 
learned information, then the observer’s immediate social intuition 
regarding that agent will indeed be determined by their own repertoire 
of experiences (i.e., by what they would feel/do if they would carry out 
that action in that context). If, however, implicitly learned information 
is available and triggered, then that information will inform and 
dominate the observer’s social intuition. The implicitly learned 
information may be  linked to a particular individual, as in the 
paradigm presented in this article (note: identity information, 
originating in inferior temporal gyrus, is conveyed to the parietal 
MNM areas), or may be linked to individuals in general. The automatic 
use of information derived from implicit social learning may lead to 
accurate social intuition; without it an inaccurate, own-experience-
centered, type of social intuition prevails. Possibly, social intuition in 
ASC individuals is too reliant on the latter pathway.

Implicit social learning also pertains to contextual cues that herald 
upcoming actions. In these cases, the cues themselves, rather than the 
observation of an action, trigger motor activity in the MNM. We argue 
that automatic action anticipation is a crucial contributor to social 
intuition, enabling the rapid judgments and responses made during 
fast-paced social interaction. The MNM provides a candidate neural 
substrate for such anticipatory representations of others’ actions (e.g., 
Kilner et al., 2007; Krol et al., 2020). Importantly, anticipatory MNM 
activity can be  triggered by implicitly learned information (e.g., 
Braukmann et al., 2017; Monroy et al., 2019). These findings need, 
however, be backed up by more research. Whether MNM activity in 
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anticipation of others’ actions is reduced in ASC remains to 
be clarified.

Finally, it should be noted that a limitation of the treatment of 
social intuition in this article is that it only deals with its automatic 
nature. For any human social intuition capacity to be meaningful in 
real-life social situations, higher-level knowledge and explicit, 
deliberate Theory-of-Mind (ToM) processes are required as well. 
Moreover, explicit ToM processes might interact with, or modulate, 
automatic processes (cf., Wincenciak et  al., 2022), such as social 
intuition. For example, one could speculate that when in our implicit 
social learning paradigm the participant knows that, even though they 
can see the agent, the agent cannot see them (because of one-way 
mirror), they might not implicitly learn to associate the agent with a 
positive or negative disposition toward them (even though the agent 
was looking right at them). MNM activation might also be sensitive 
to explicit ToM reasoning. For example, where observers might show 
anticipatory MNM activity when an agent’s gaze is directed at a cup of 
coffee, which implicitly signals they are likely to grasp the cup and 
drink, they may not show this anticipatory MNM activity if they 
understood that the agent believed that the cup contained some other 
non-desired liquid. Such possible interactions between explicit ToM 
and automatic social intuition remain to be explored in future work.
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