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ABSTRACT 
I depict many of the elements of human social cognition within 
one hierarchical structure—the tree of social cognition—and 
examine the implications of this structure for human responses to 
social robots and the proper design of such robots.   

Categories and Subject Descriptors 
I.2.9 [Artificial Intelligence] Robotics  
J.4 [Social And Behavioral Sciences] 
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1. INTRODUCTION 
In response to intense demands of social life, human beings have 
evolved a number of capacities that allow them to make sense of 
other agents—to interpret, explain, and predict their behavior, 
share their experiences, and coordinate interactions with them. 
These capacities include simple processes such as gaze following 
or mimicry; complex processes such as imaginative simulation 
and mental state inference; and abstract concepts such as 
intentionality and belief. These capacities are typically subsumed 
under the label social cognition, but they belong together not 
because they form a “module” or can somehow be found in the 
same brain area; rather, what unites them is their responsiveness 
to a social environment of other intentional agents—who are 
minded, intelligent, and themselves engaging in social cognition.   
I attempt here to integrate many of these social-cognitive 
capacities into one structural representation.  I propose that the 
structure of social cognition is hierarchical in several ways: lower-
order capacities (LC) are often requirements for higher-order 
capacities (HC); LC have weaker processing demands and can 
often operate continuously and unconsciously; LC develop earlier 
in life and are likely to have evolved earlier in human history. The 
evidence for these claims is distributed over a diverse literature, 
exemplified by [1], [2] on developmental orderings, [3], [4] on 
evolutionary orderings, and [5], [6] on processing orderings.   
After introducing the structure as a whole I will comment briefly 
on a few key relationships among its elements.  Then I turn to 
implications of this integrative view of social cognition for the 
design and deployment of “social robots”—robots that are meant 
to interact with, live with, and most likely grow up with humans. 

2. THE TREE OF SOCIAL COGNITION 
Figure 1 displays many of the capacities of social cognition 
arranged in an approximate hierarchy, starting on the bottom with 
the fundamental identification of agents in the environment and 
building from simpler processes to the most complex processes.  
(For a glossary and detailed discussion, see [7].) In addition, the 
figure displays a few essential activities that human beings 
perform in social life, such as explanation and prediction, that are 
not strictly part of social cognition but are more general 
phenomena enabled by social-cognitive capacities.   

 
Figure 1. The tree of social cognition, with additional further 

enabled functions (e.g., moral judgment, joint action) 

Concepts.  A number of the depicted processes lead, over time, to 
abstractions—concepts such as agent, intentionality, desire, or 
belief. With experience, these concepts are triggered by a large 
range of stimuli and guide further processing—for example, if the 
agent concept is activated (by some triggering feature in the 
perceived entity), behavior parsing is initiated; when intentionality 
is activated (by some triggering feature in the parsed behavior), 
then goal identification, simulation, and mental state inferences 
are likely to be initiated as well.  Moreover, these concepts stand 
in specific logical relations to one another that form expectations 
about what can actually be observed. For example, intentionality 
⊃ belief & desire: an intentional action implies that the agent had 
some desire and belief (though inferential processes have to 
determine what those states are).  

Hierarchical dependencies.  To illustrate the many hierarchical 
dependencies among social-cognitive capacities, consider the 
following sample relations (marked with x ≺ y for x precedes y):   

Recognize agent & parse behavior ≺ detect intentionality 
Detect intentionality  & follow gaze ≺ identify goal 
Parse behavior & process face & mimicry ≺ automatic empathy  
Detect intentionality & simulation ≺ mental state inference 

These relations will typically be probabilistic, as one can arrive at, 
say, a goal representation in numerous ways (e.g., infer, hear, or 
read about it).   
Other resources.  Numerous other cognitive resources aid the 
more complex social-cognitive capacities. For example, 
simulating another’s internal state must be enriched by knowledge 
structures in order to lead to an explicit mental state inference. 
Some of this knowledge is activated by social categorizations 
(e.g., male, young) and may come with trait ascriptions that are 
not the result of bottom-up inferences but of top-down 
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assumptions [8]. Further, these resources and complex capacities 
interact to enable general functions such as explanation or moral 
judgment. For example, moral judgment requires behavior parsing 
and mental state inferences, but it can only operate in light of a 
norm system that the perceiver knows and endorses. 

3. IMPLICATIONS FOR SOCIAL ROBOTS 
Two sets of implications of this hierarchical structure are worth 
considering.  The first is what this kind of hierarchical system 
means for human beings’ perception, judgments, and interaction 
with artificial agents.  The second is what kinds of design 
implications for robots we need to take into account if the goal is 
to create robots that themselves have social cognitive capacities.  

Humans responding to robots.  The sketched hierarchical 
system is highly responsive to initial activations at lower levers, 
and its operations and processes are likely to cascade upwards 
once set in motion. Thus, even a more primitive artificial entity 
may quickly engage the human social-cognitive system.  If the 
agent detector is triggered, for example, the system likely searches 
for behavior, parses it, assigns intentionality to some of the parsed 
units, and tries to infer goals.  It takes very little (e.g., eyes or a 
little bit of self-propelled movement) to promptly lead to goal 
inferences—even when, in reality, the observed entity may have 
no goals. This over-responsiveness can occur at many levels of 
the system. If the artificial agent exhibits gaze and facial 
expressions (e.g., Kismet), for example, projection will invite the 
social perceiver to assume the agent has interest, emotional 
reactions, and intentions quite similar to the perceiver’s own. If 
the agent looks female and young (such as “Pepper,” the new 
headline-making robot), knowledge and expectations are likely to 
be triggered about stereotypically female personality or ability 
traits. And once intentionality, mental states, and traits have been 
inferred and the robot’s behavior violates a norm, moral judgment 
may well be a natural human response.   

The upshot of this brief analysis is that it may take very little to 
trigger the components of the human social-cognitive system, and 
because of the system’s structure, any one triggered component 
will engage others as well. A robot that has such power in 
engaging human social cognition but that does not have all the 
inferred or expected properties may easily disappoint, mislead, 
confuse, and ultimately be rejected. The implication for robot 
design is clear: We need to know which features of robots trigger 
which social-cognitive processes (and which other components 
the latter initiate in turn).  Robots that have these triggering 
features either must have the abilities, states, and traits that human 
partners are prone to infer, or else the robot must communicate its 
own limitations or its early stage of development, and perhaps 
invite the human partner to tutor, coach, and improve the robot.  

Robots’ social cognition.  The growing sophistication and 
proliferation of robots in society poses a challenge to science—
given that robots of the near future are likely to participate in 
many aspects of human social life, such as healthcare, education, 
and law enforcement [9], what kinds of robots can safely take 
these roles? Among many important requirements for such robots, 
two closely related ones are autonomous decision making and 
social cognition. Why do robots need autonomy? Because 
otherwise they would utterly fail in the demanding tasks of 
interacting with humans, collaborating with them, and taking care 
of them.  Successful performance in such tasks cannot simply rely 
on prior programs, because human behavior is too complex, 
variable, and therefore difficult to predict, and preprogrammed 
behaviors cannot meet the challenge of such prediction under 

uncertainty.  Instead, the robot must monitor a person’s responses 
to small changes in the situation and in turn flexibly respond to 
them. This flexibility requires autonomous decision making and, 
as the input to such decision making, social cognition. Human 
behavior may be hard to predict but it is a whole lot easier if the 
perceiver can infer goals, beliefs, emotions, and skills, and if the 
perceiver knows the social and moral norms that the human agent 
is obeying—because these norms are good predictors of at least 
aggregate behavior.  So the successful future social robot will 
need to be autonomous and adept at social (and moral) cognition. 

How, then, should we build such a robot?  Does it need to have 
the same hierarchical tree of social cognition that humans have?  I 
would argue, yes, in many respects its social cognition must be 
similar (at least functionally) so that humans can interact with the 
robot just like they expect to interact with other, real human 
agents. Any human  agent expects interest, trust, politeness, 
loyalty, and many other social traits from their interaction 
partners, and robots must meet those expectations. 

Finally, here is where the two sets of implications converge: If 
human social cognition weren’t so easily triggered, robots could 
have all kinds of features and properties, even preprogrammed 
and highly limited ones. But because we can fairly confidently 
assume that people do form strong expectations about their 
interaction partners, robots must meet these demands. Not only 
must they be smart, communicative, and helpful, but they need to 
show interest in “other minds,” in the mental states and 
personality of their human interaction partners.  
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