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Network Representation Capacity: How Social
Relationships are Represented in the Human Mind
Hui Sun, Matthew E. Brashears, and Edward B. Smith

Collecting network data with an egocentric approach – by eliciting respondent’s
(i.e., ego’s) self-report of her direct contacts (i.e., alters) – is a popular tactic in
research on communities (e.g., Fischer et al. 1977), health/distress (e.g., The
National Longitudinal Study of Adolescent to Adult Health), and general social
behavior (e.g., General Social Survey). However, accuracies of self-reported
networks are heavily debated. On the one hand, a plethora of evidence has
documented the extent of inaccuracy in egos’ reports of their own network ties
(e.g., Bernard, Killworth, and Sailer 1982), especially when the relations being
assessed are more nuanced than “knowing” (e.g., Krackhardt 1996; Kumbasar,
Rommey, and Batchelder 1994; Krackhardt and Kilduff 1999). For example,
Krackhardt (2014) observed that for twelve out of the twenty-one managers
from a small entrepreneurial ﬁrm, their beliefs about tie existence were wrong
more than half of the time. From a methodological perspective, this leads to
substantial doubt about the validity of self-reported egocentric networks; errors
in individual reports can have a material impact on the structural inference we
draw from data, such as the centralization of the network and the ego’s structural
position within it (Borgatti, Carley, and Krackhardt 2006; Krackhardt 2014).
On the other hand, accumulating evidence suggests that despite individuals’
inaccuracy in perceiving local network structures (i.e., dyadic ties), people tend
to have a fairly good idea of the global network structure (i.e., larger network
structure of all relationships; Burt and Bittner 1981; Casciaro, Carley, and
Krackhardt 1999). For instance, although centrality measures (especially
eigenvector centrality) derived from self-reported egocentric networks have
been criticized as biased, individuals often demonstrate superb ability to track
popularity in real-world social networks (Zerubavel et al. 2015).1 In a study
1

Developmental psychology research suggests that such abilities may have developed as early as
preschool age (Vaughn and Waters 1981; Lansu, Cillessen, and Karremans 2014).
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investigating how affect inﬂuences accuracy in network perception, Casciaro
and her colleagues (1999) found that while positive affect is positively
correlated with global accuracy, its association with local accuracy appears to
go in the opposite direction. The puzzling dissociation between local inaccuracy
and global accuracy demands a serious theoretical inquiry: how are social
networks represented in the mind of an individual? If individuals are indeed
poor at perceiving the structure, particularly the local structure, of networks in
which they are embedded, how is the mobilization of social capital even possible
(e.g., Granovetter 1973; Lin 1999; Burt 2009)? Alternatively, if individuals are
knowledgeable about the global network structure, what can account for high
error rates in their perceptions2 of local network structures?
Research in cognitive science may provide a clue. Converging evidence
suggests that human representation of social networks varies in levels of
abstraction (Rumelhart and Ortony 1978; Kemp and Tenenbaum 2008). It is
very likely that our perceptions of local network features are encoded and
retrieved through different relational schemata – mental structures of how
social agents are expected to be structurally connected – in comparison to
perceptions of global network structures. In other words, the apparent puzzle
between local inaccuracy and global accuracy could indicate separate but
related schemata are employed simultaneously at different levels of
abstraction (i.e., global versus local). Within each schema complex network
information with varying granularity (i.e., more or less detailed) is encoded and
stored. In a way, our view is congruent with emerging evidence in egocentric
network research that discrepancies in elicited networks may be more
substantive than previously conceived, reﬂecting cognitive underpinnings in
addition to more prosaic methodological concerns (Pescosolido and Wright
2004).
Our theory of a multi-schemata representation of social networks deviates
from those that assume either a local or global representation of social
networks. In our view, the tension between local inaccuracy and global
accuracy is a “symptom” of the scholar’s atomistic assumption that the ego’s
knowledge of social relationships is a composite of her perceptions of individual
ties. Because social networks are analytically constructed from dyadic
relationships, the discovery process sometimes gives us the impression that
perceptions of social networks should also take a bottom-up approach, with
perceptions of higher structures rooted in knowledge of lower-level structures.
Nonetheless, even though tie perception is a logical antecedent to network
perception, it does not guarantee that a summary statistic of accuracy
aggregated from tie perception, weighted or not, can accurately reﬂect the
psychological reality of one’s knowledge of social networks. Through
2

Perception here refers to a general understanding of a target elicited from subjective reports. The
scope of perception in this chapter is akin to social psychologists’ use of perception, rather than
the strict deﬁnition of perception typically found in cognitive psychology literature.
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experience, human individuals may develop an ecologically reasonable
perception of the higher-level structure of a network that is schematically
distinct from any lower-level representation, and therefore only loosely
correlates with it.
Meanwhile, we also differ from perspectives that assume a holistic primacy,
meaning that global representation should override local ones. Empirical
nuances notwithstanding (Alba and Hasher 1983; Wagemans et al. 2012),
theoretical interpretations of Gestalt psychology often imply that human
cognition of objects, concepts and social relationships operates in a holistic
fashion (Brewer and Nakamura 1984). Rather than integrating featural
components to form a representation of the whole (e.g., Treisman 1986),
individuals are believed to actively construct a representation of the whole
and then infer properties of components from it (Kimchi 2003). In this view,
local features of a network are derived from this global abstraction and
therefore are in some sense subservient to it.
The tension between the two approaches is likely to be exaggerated in
scholarly debate, but it reﬂects a theoretical distinction between two schools
of thought on human mental representations of knowledge. The classical view
(e.g., Newell and Simon 1972; Fodor and Pylyshyn 1988), partly derived from
research on languages, holds that knowledge is mentally represented as rulebased, symbolic structures. One key characteristic of this type of structure is
that representations are compositional, such that a representation of the whole
is determined by the contents of its constituents and their structural
conﬁguration. The connectionist view, on the other hand, sees representations
as networks of interconnected nodes (Rumelhart and Mcclelland 1986;
Smolensky 1988). Under this framework, representations are the result of
parallel processing and therefore they are intrinsically holistic. No single node
possesses any meaning on its own; meanings are derived from its connection
with other constituents. There is as yet no compelling evidence that one school
of thought is always superior than the other. Rather, they are best regarded as
two ideal types for describing, prescribing and predicting cognitive behavior,
meaning that they may both be correct to varying extents for particular types of
processing. Preference for one or the other, however, is still a substantial
decision as it constrains the questions we will ask, the theories we can use,
and the computational models we may develop.
From our perspective, an individual’s accuracy in reporting network
characteristics reﬂects her mental representation of the social network. These
representations consist of collections of schemata adopted by the individual to
encode and store complex network information. These schemata operate at
different levels of granularity (i.e., more or less detailed) and abstraction (i.e.,
global versus local) and can be active simultaneously. They are used for dealing
with different types of concrete problems and the inconsistency between them
accounts for varying accuracy in the individual’s perception of global and local
network properties.
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network representations and relational schemata
In broad strokes, social networks and communication networks are highly
patterned (Albert and Barabási 2002; Ebel, Mielsch, and Bornholdt 2002;
Newman and Park 2003). Local features such as triadic closure (i.e., the
propensity of pairs of actors to be connected when they share a common
neighbor), and assortative mixing (i.e., tendency for connected nodes to have
similar numbers of ties) are typical of social networks due to the prevalence of
community structures in such networks (Newman and Park 2003). From the
local interactions of a large number of individuals, global regularities such as
small-world properties (Watts and Strogatz 1998) and scale-free or log-normal
distributions of the degree (Barabási and Albert 1999; Broido and Clauset
2019) frequently emerge.
Therefore, it is not surprising that our mind adapts to these regularities in our
social relational environment by forming mental structures that organize
information and by developing mental processes that act on these structures
(Chase and Simon 1973; Alba and Hasher 1983; Hintzman 1986; Markman
1999). Typically referred to as schemata, these mental structures are
frameworks of systematic knowledge that individuals acquire over time
(Bartlett, 1932) to guide the selection, abstraction, interpretation, integration,
and consolidation of new information (Alba and Hasher 1983).3 They enrich
the manifest stimulus by enabling individuals to go beyond the currently
available information, ﬁlling in the blanks in what is observed with
information derived from the schema (Fiedler 1982).
Here, following Kelley’s (1972) approach to deﬁning causal schema, we
deﬁne relational schemata as conceptions of the manner in which social
contacts are structurally related. These relational schemata collectively form
an individual’s generic knowledge of the structure in her social environment,
and changes to the social environment (e.g., when the individual learns about
a new person) may trigger updates in this knowledge.
From a functional perspective, schemata have two beneﬁts. First, the use of
schemata reduces the burden of cognitive processing. As Brashears (2013)
showed in his experiments, humans often adaptively use schemata to
compress complex network information so that they can store large networks
with ﬁnite cognitive resources (see also Brashears and Brashears 2020). Second,
the existence of schemata makes generalization possible. The ability to
generalize has always been seen as a crucial component of human intelligence.
3

Scholars’ deﬁnitions of schemata and their corresponding ontological assumptions vary widely
(Brewer and Nakamura 1984). Bartlett (1932: 201) deﬁned a schema as “an active organization
of past reactions, or of past experiences, which must always be supposed to be operating in any
well-adapted organic response”. Minsky (1975) and Rumelhart and Ortony (1978: 101) took
a more instrumentalist position and deﬁned them as data structures. Neisser (1976: 54) took
a realist position and deﬁned a schema as “a part of the nervous system”. In social network
traditions, schemas are typically referred to as mental models.
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While artiﬁcial intelligence agents require hundreds of thousands of data points
to learn a new concept and make correct judgments on previously unseen
stimuli, a human child can accomplish the same task with only a few
examples. Although exactly how humans have such special aptitudes for
forming schemata of the environment is a topic of active research (Holyoak
2008; Kemp and Tenenbaum 2008; Schapiro and Turk-Browne 2015), there is
no doubt that schemata are critical for making inferences and setting
expectations in uncertain or novel situations, as well as that humans are
unusually good at doing so (Holland et al. 1989).
As pointed out by Rumelhart and Ortony (1978), schemata are often
hierarchical. Relational schemata are no exception. The system of relational
schemata that an individual possesses include both schemata of local dyadic
relationships (Karuza, Thompson-Schill, and Bassett 2016) as well as schemata
of global relational structures (Parkinson, Kleinbaum, and Wheatley 2017;
Tompson et al. 2019). For instance, research participants exhibit a tendency
to infer triadic closure when there is none, illustrating the role of a local
relational schema in leading participants to go beyond the given information
and “ﬁll in the blanks” in a structure (Freeman 1992). Empirical evidence of
global relational schemata is comparatively less known to network scholars.
A few notable examples include Bond, Jones, and Weintraub’s (1985)
proposition that social contacts are mentally organized into social-group
categories; Bond and Brockett’s (1987) social context-personality index
theory that social contacts are ﬁrst organized according to their encoding
contexts (i.e., when and where each alter was encountered), and then further
partitioned into different personality sub-clusters; and Fiske’s (1995) and
Brewer’s (1995b) position that mental organization is framed by interaction
and afﬁliation patterns, thereby more closely resembling modern social network
theory.
Recent effort to connect social networks with cognitive neuroscience has
opened up new opportunities to revisit these old questions. For example,
Parkinson and colleagues (2017) paired fMRI scans of a group of MBA
participants with measurement of their social networks, and found that
participants spontaneously encoded other cohort members’ social network
positions (e.g., degrees of separation from themselves, eigenvector centrality
and brokerage) when seeing their faces. Despite the absence of a network
visualization, participants in the study automatically mapped alters onto
a network structure in their mind, suggesting that they have adopted
a global schema of social relations that is very close to a network structure.
However, in some cases, participants may also adopt a global schema that
deviates substantially from a network structure. In one study, Tavares and
colleagues (2015) asked participants to play lead characters in a role-playing
game while scanning their brains. They found that participants’ global
schema of social relations was best characterized as a two-dimensional
social space framed by power and afﬁliation, instead of a network
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characterized by social interactions. In short, while human brains seem
predisposed to spontaneously encode social relationships into a structural
format, it does not appear to be inevitable that this structural format
resemble what we typically consider as a network.
In the context of network representation – one’s mental representation of
social networks – schemata may also come at a cost. Although schemata enable
individuals to represent large amounts of social relational information with
limited mental space, they run the risk of deviating from the network that they
seek to represent. Some deviations can be attributed to individuals’ lack of
experience with some forms of network structures and therefore these
structures have not been fully incorporated into schemata (Winkler-Rhoades
et al. 2010). For example, prior experience with local network features is found
to inﬂuence how one represents a new network structure. When participants
were asked to learn a new network structure that they had less experience with,
their learning performance was impaired (Janicik and Larrick 2005).
Some deviations are due to contextual conﬁgurations of the task that can
inﬂuence an individual’s network representation by shifting the schema she
adopts. For instance, it was found that adding kinship labels to ties facilitated
learning when the network structure to be learned corresponded with common
expectations of a kinship network (Brashears 2013). Likewise, individuals
recall imbalanced affect in networks more accurately when a source of
constraint is able to account for the persistence of this imbalance (Brashears
and Brashears 2016). In short, when an appropriate schema is activated, the gap
between the network structure and one’s network representation is small, but
when an inappropriate schema is activated, this gap can be quite large.

paradigms for quantifying individual differences
in network representations
Given that individuals often have varying experience with different types of
network structures, and that they may have heterogeneous preferences for
schemata in various contexts, the adequacy and appropriateness of the schemata
they adopt to represent their social network in a given context may also vary.
However, it is an empirical challenge to discern the exact relational schema
recruited by participants using the egocentric networks they report because the
same network data could have been elicited via several possible schemata.
Participants may represent social relationships as multidimensional social
networks (John Scott 1988; Fiori, Smith, and Antonucci 2007), as groups
(Gershman, Pouncy, and Gweon 2017) and social circles (Hill and Dunbar
2003; Zhou et al. 2005), as a lower-dimensional vector space of alters (Tang
et al. 2015), or even in a form that has not yet been considered. Similarly, they
may represent psychological distance among individuals as geodesic distance
(Parkinson et al. 2017), as Euclidean distance over a multi-dimensional feature
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space (Tavares et al. 2015), as the extent of trait similarities (Carlston and
Skowronski 1994; Uleman, Saribay, and Gonzalez 2007), or via some entirely
different approach. In short, inferring which schema was used from a given
measured network is challenging because we only obtain the end state, without
obvious information on the preceding cognitive processes.
Despite the difﬁculty in discerning the exact relational schema individuals use to
organize social information in a given situation for a speciﬁc goal, we are not
without options. One option is to quantify the gap between an individual’s social
network and her mental representation of it, the result of which reﬂects what we
term theirthenetwork representation capacity. However, higher network
representation capacity may not directly lead to better mobilization of social
network resources; across many domains of life, knowledge of the right thing to
do is often distinct from the propensity or ability to actually do it. It is likely that
a coarser representation, or lower correspondence between one’s network
representation and her social networks, might generate better utility in some
scenarios.

quantitative paradigms for network representation
Four survey or experimental paradigms can be used to quantify individuals’
network representation capacities: the error paradigm, the free-recall paradigm,
the structural learning paradigm and the statistical learning paradigm. Both the
error paradigm and the free-recall paradigm rely on memory principles: the
error paradigm, as its name reveals, makes use of observed errors during recall
while the free-recall paradigm takes advantage of recall sequences to infer the
gap between the schematic organization and the social network organization of
social contacts. In contrast, the structural learning and the statistical learning
paradigms rely on behavioral indicators when learning new network structures.
The rationale is that if one uses a speciﬁc set of schemata to organize her current
egocentric networks, she is more likely to apply the same set of schemata to
a new network under similar context.
Error Paradigm
Errors often reﬂect the schemata that we depend on when encoding,
representing and retrieving social relational information. An incorrect
perception of tie existence can be attributed to selective encoding (Minsky
1975; Schank and Abelson 1977), abstraction, interpretation, or integration
of information (Sulin and Dooling 1974; Minsky 1975; Schank and Abelson
1977; Wood 1978). For example, we may selectively ignore a waiter’s brief
nod to his friend in a restaurant, often without being consciously aware of
having done so, because of the schematic assumption of a service
relationship, and accordingly misclassify the relationship as acquaintances
or even strangers. Likewise, we may mistakenly draw the inference that
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friend A and friend B know each other after ﬁnding both of them posting
pictures of the same concert, even though in reality they have never come
across each other. Freeman (1992) notably described this process as “ﬁlling
in the blanks,” while Harris and Monaco (1978) referred to it as inference.
The error paradigm takes advantage of the mental processes that occur
during information processing and derives inferences of network
representation capacity through statistical analysis of recall errors. For
example, measures of commission errors (i.e., inferring existence of a feature
when there is none) and omission errors (i.e., reporting nonexistence of
a feature when there is one) can capture an individual’s network
representation capacity for dyadic relations within a network (Krackhardt
2014). These two measures can also be extended to bundles of ties. For
instance, we can develop similar measures of individuals’ tendency to infer
transitivity and reciprocity when no other information about the network is
provided (De Soto, Henley, and London 1968; Crockett 1982; Krackhardt and
Kilduff 1999). In short, network representation capacity can be operationalized
as performance of a binary classiﬁer under the error paradigm. Naturally,
comparisons can be drawn based on measures of discriminant ability such as
curves
a ROC curve (Yonelinas 1994, 2002).
Although we are usually more interested in representation of network
structures than representation of nodes, the error paradigm may also be
extended to misattribution of node characteristics. For instance, it is common
for individuals to infer similarities in taste based on social connections (Berger
and Heath 2008), or similarities in some irrelevant dimensions (Todorov and
Uleman 2003). Therefore, errors may also arise in recalling node characteristics
(e.g., trait, preferences, attitudes) because people often overestimate the extent
of similarities among connected others in our network (Prentice 1990).
One limitation of the error paradigm comes from a lack of “ground truth.”
When two individuals are compared based on their network representation
capacity for a speciﬁc network feature, an equivalence needs to be established
such that the networks they are representing are of comparable difﬁculty. One
remedy is to normalize the resulting measure based on the size of the network as
well as the total number of possible ties or triads. An alternative solution is to
incorporate experimental methods and directly manipulate the network to be
represented. In that case, the experimenter may design a network structure to be
recalled so that the accuracy of a representation can be deﬁnitively measured.
In general, errors are direct indicators of one’s network representation
capacity. However, it is mostly applicable to representations of local network
features. To draw comparisons across individuals, we ﬁrst specify a particular
structure to be compared upon (e.g., triadic closure), and then infer network
representation capacity using a measure of discriminant ability based on error
patterns.
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Free-Recall Paradigm
The free-recall paradigm is similar to the error paradigm because both of them
take advantage of mental processes, or more speciﬁcally memory processes, to
infer the gap between social networks and individuals’ mental representations
of them. However, instead of focusing on representation of local network
features, the free-recall paradigm is most powerful in capturing
representations of global network structures.
The paradigm explicitly makes use of the fact that name generators (i.e., tasks
that ask egos to list the names of their contacts) and name interpreters (i.e., tasks
that collect information about those alters) are, by their nature, memory tasks.
When respondents are cued about their social contacts, they activate memories of
their social relationships. The resulting egocentric network is the output of the ego’s
schematic encoding of her social relationships into network representations and
schematic retrieval from such representations. In other words, the seemingly
inaccurate perceptions of ties are also patterned, organized reﬂections of the
contents of individual memory (Bernard et al. 1982; Freeman, Romney, and
Freeman 1987; Freeman 1992). Analogous to psychologists’ response to
economists’ assumption of human rationality, recall errors in social networks are
meaningful despite, and often because of, signiﬁcant deviations from actual
interaction history. In the end, it is retrieval from that representation – accurate
or inaccurate – that becomes the basis for subsequent action.
A typical free-recall task (also referred to as a free-listing task, an unconstrained
recall task or a ﬂuency task) either asks participants to freely generate a speciﬁc
number of items that fall under given criteria, or to generate any number of items
that fall under given criteria within a pre-speciﬁed period of time (e.g., sixty
seconds). Using free recall to infer an underlying network representation relies on
one crucial memory principle: items that are retrieved consecutively are often closer
in mental space, because people have a natural tendency to organize information
into meaningful clusters. For example, in one of their experiments, Hamilton,
Leirer, and Katz (1979) presented participants with behavioral descriptions from
four categories in random order. However, during recall sessions, participants
naturally grouped the behavior into four clusters without being explicitly told to
do so. Similar tendencies are observed in experiments that ask participants to
generate names of United States cities (Bousﬁeld and Sedgewick 1944), food
(Gruenewald and Lockhead 1980), occupations (Graesser and Mandler 1978)
and people (Bond and Brockett 1987).
Such robust memory tendencies present a unique opportunity to uncover
how well one’s network representation maps onto the reported egocentric
network.4 Ideally, if a person’s network representation maps perfectly to the
4

Although it is also viable to use more “objective” measure of networks, such as those constructed
from interaction data or aggregation of multiple people’s self-reported network relations (e.g.,
Krackhardt 1987), we think it is preferable to use self-reported egocentric network as the
comparison benchmark for two reasons. First, it isolates the effect due to deviations in knowledge
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network she reports, we would anticipate that she will ﬁrst deplete names that
belong to one network cluster, before moving to another cluster (Roenker,
Thompson, and Brown 1971). In other words, in a perfect match scenario,
the activation path should be as short as possible. However, if the person
generates in succession two names that have a moderate to large geodesic
distance between them, it implies that these two contacts are close in the ego’s
mental space despite being distant in the reported network space. This could be
attributed to “imperfect” network representation as the ego may have relied on
some other dimensions to represent two people in the mental space in addition
to their relational closeness (equivalent to inserting of ties, e.g., Brewer 1995a,
1995b, 1997; Brewer et al. 2005). Alternatively, the ego may have even adopted
a different global relational schema, such as a hierarchical tree structure or
a categorical structure instead of a network structure to represent social
relationships.
Recently, two of this chapter’s authors developed a measure – the jump
ratio – based on this idea (Sun and Smith 2018). They ﬁrst operationalized the
“jump” as the sum of a sequence of distance measures, where each segment in
the sequence is the geodesic distance between two consecutively recalled nodes.
The intuition is that searching for contacts in one’s mind is analogous to
designing a travel route, the more the ego switches between clusters that are
far apart, the more detours they take, and the longer the travel will be. To make
the measure comparable across egos with networks of different size and
connectivity, they then normalized jump by subtracting the shortest possible
activation path that the ego could potentially traverse on her network and then
divided the resulting value by the range between the longest possible activation
path and the shortest possible activation path. Analogously, it is unfair to say
that a global traveler is less efﬁcient in designing her traveling route than
a United States traveler simply because the former travels farther. To make
these two travelers comparable, their traveling distance needs to be
contextualized to the map that they traverse – how would they compare to
a hypothetical traveler who travels on the same map but always picks the
longest possible route? The resulting normalized measure is the “jump ratio.”
Formally, in an egocentric social network with n network contacts, Vi denotes
the i th recalled alter, d (Vi, Vi+1 ) represents the geodesic distance between alter
Vi and Vi+1 minus 1,5 and P refers to the set of all possible ways of recalling the

5

structure from incorrect perception of ties. If the ego already perceives two people as disconnected, but still recalls them in succession, it implies that the ego relies on a knowledge representation that may not be network based. Second, it has been found that people are more susceptible
to commission errors (i.e., inserting ties when there are none) than omission errors (Krackhardt
2014). Therefore, recall path lengths calculated based on self-reported egocentric networks tend
to underestimate the gap. In other words, it is a conservative test.
When Vi and Vi+1 are directly connected, the geodesic distance between them equals one.
Subtracting geodesic distance by one ensures that in these cases, the mental distance traveled
equals zero.

C:/ITOOLS/WMS/CUP-NEW/28587773/WORKINGFOLDER/SMALL-HYB/9781108839976C20.3D
11:50AM

661

[649–672] 23.3.2021

On Cognition

661

same n network contacts.6 The jump ratio a person establishes when cognitively
navigating their social network is thus akin to the total (social) distance traveled
in the process of search normalized by the range of possible distance,7 or:
Pn"1
Pn"1
i ¼1 dðVi ; Viþ1 Þ " min
i ¼1 dðVpi ; Vpi þ1 Þ
p2P
(A)
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P
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V
Þ
"
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V
Þ
p
p
þ1
p
p
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i
i
i
i
i ¼1
i ¼1
p2P

p2P

In contrast to the other paradigms, the free-recall paradigm8 does not require
researchers to turn on the spotlight and pre-specify the local or global network
structure they are interested in. This is a blessing as well as a curse. Measures such
as the jump ratio make direct comparison of individuals’ general network
representation capacity possible. However, since the measure incorporates every
aspect of the network, it also makes adjusting for measurement errors difﬁcult. For
example, it is likely that some measurement errors are more probable than others
and such errors will impact the resulting measure that we obtain.
By calculating the difference between one’s actual activation path and
a hypothetical activation path that will be expected if one’s network
representation is perfectly in congruence with the reported network structure, we
can determine the strength of an individual’s network representation capacity.
Structural Learning Paradigm
The structural learning paradigm is an experimental design wherein
participants are asked to learn the underlying structure of a group of
hypothetical actors (e.g., De Soto 1960). In these experiments, participants
are usually presented with statements about the relationship between two
people (e.g., Alice and Bob are friends) one at a time and asked to indicate
whether the statement is true or false. Initial responses are pure guesses since
participants have no prior knowledge about the relationships among those
hypothetical actors. However, as participants get more feedback about their
guesses, they begin to develop some network representation of the actors’ social
connections.

6

7

8

For simplicity, distances between isolates and other nodes (i.e., alters who are not connected to
any other alters in the network) are treated as one plus diameter (i.e., largest geodesic distance of
the network).
Keen readers may recognize that the denominator in the function is a variant of the famous
traveling salesman problem. Although algorithmic solutions to such NP-hard problems are
impossible, computational solutions are robust and readily available given their importance in
operations research.
Notably, the free-recall paradigm is not limited to capturing the representation capacity of
networks. With multidimensional scaling and more sophisticated computational models, scholars
have used it to explore human representation of categories and concepts among others (Medin
et al. 1997; Grifﬁths, Steyvers, and Tenenbaum 2007).
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This paradigm has its origin in research on associative learning. It was
found that when a series of stimuli always appear in a pre-determined
temporal or spatial order unknown to the participants, the associational
relations will very soon be acquired by the participants in their behavioral
responses (Paivio 1969). In fact, neuroscience has provided evidence that
learned associations can be encoded through neural selectivity: with
repeated exposure to structured stimulus, neurons, especially those in the
medial temporal lobe, begin to respond similarly to these stimuli (Messinger
et al. 2001; Osada et al. 2008). Association learning is especially crucial in the
acquisition of syntax (e.g., Saffran & Wilson 2003), phonemes (Onnis,
Waterfall, and Edelman 2008) and phonetics (e.g., Chambers, Onishi, and
Fisher 2003).
Typically, those who learn the new structure faster (i.e., get all statements
correct within fewer trials) are seen as having higher network representation
capacity (e.g., Janicik and Larrick 2005). The rationale is that effective learning
depends on proper use of schemata. Thus, faster learning indicates more
expertise and better network representation of the structure, especially when
the information to be learned is meaningful (Saariluoma 1989). In addition to
number of trials, better network representation can also be detected through
earlier recognition of regularities (e.g., Fiser and Aslin 2001) or faster responses
(e.g., Kim et al. 2009) and/or more attention (e.g., Chun and Jiang 1999; Kidd,
Piantadosi, and Aslin 2012) towards anticipated stimuli.
However, a comprehensive measure of network representation capacity
requires combining learning performance over a portfolio of network
structures. Because individuals’ relational schemata are acquired through
experience (Gobet and Simon 1996) and therefore their general capacity to
represent networks will vary based on their prior experience with the speciﬁc
network structure to be learned. When the network structure to be learned is
similar to one’s own network, we should expect better learning performance.
This is exactly what Janicik and Larrick (2005) found in their experiment;
participants whose own networks had open triads (i.e., when A is connected
to B and B is connected to C, but A is not connected to C) were better able to
learn networks that also had open triads.
Notably, the structural learning paradigm can be combined with the error
approach to make comparisons more rigorous. In such scenarios, rather than
using the number of trials as the measure of capacity, scholars turn towards
patterns of errors in participants’ recall of dyadic relationships between the
hypothetical actors that they have previously seen. As an example, in several
recent studies (Brashears 2013; Brashears and Quintane 2015), researchers found
that the prevalence of “erroneously closed” ties varies depending on the schema
activated during encoding and recall. The combination opens up new
opportunities to investigate contextual and situational antecedents of network
knowledge representation.
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Statistical Learning Paradigm
Similar to the associative learning that underlies the structural learning
paradigm, statistical learning9 as a mental process, also reﬂects the human
ability to “extract regularities from the environment” (Schapiro and TurkBrowne 2015, p.501). Statistical learning takes place throughout one’s life
span, from infancy (e.g., Kirkham, Slemmer, and Johnson 2002) to old age
(e.g., Schapiro et al. 2014). It operates over multiple modalities and is widely
recognized as a pervasive element of cognition (Saffran, Aslin, and Newport
1996; Fiser and Aslin 2001; Conway and Christiansen 2005; Brady and Oliva
2008; Gebhart, Aslin, and Newport 2009). In essence, it is the crucial cognitive
function that supports the formation of representations of our physical and
social environment, which naturally includes representation of social networks.
The statistical learning paradigm, relying on statistical learning as its
cognitive underpinning, can be seen as an extension of the structural learning
paradigm. Both of them rely on behavioral and/or neural indicators observed in
a controlled, artiﬁcial learning task to infer relational schemata recruited by
participants to facilitate learning. And both of them can rely on errors or
learning time as a behavioral indicator of the prominence of a speciﬁc schema.
However, there are two key differences between the two paradigms. First, in
contrast to the structural learning paradigm where learning performance is
measured explicitly through accuracy in judgment of learned relations, in the
statistical learning paradigm, learning is assumed to be automatic and implicit.
It is assumed that individuals who are embedded in an environment gradually
behave and believe in accordance with its underlying regularities even without
conscious awareness. Second, the two paradigms differ in the structure of the
world they construct for the participants. While both are learning tasks,
the structural learning paradigm deterministically presents relationships to the
participants while the statistical learning paradigm requires participants to infer
relationships from probabilistic patterns among presented items.
Speciﬁcally, a structural learning task relies on repeated presentations of
deterministic information on social relationships (e.g., “Alice and Bob are
friends”), while a statistical learning task takes a more probabilistic approach
either by presenting instances of interactions or by presenting a series of stimuli
generated from a probabilistic transition matrix to suggest the existence of
a relationship pattern. The general idea is that pairs of actors who interact
more often are, ceteris paribus, more likely to have a closer relationship. And
similarly, groups of actors who appear together more often are, ceteris paribus,
more likely to be related to some global network structure, such as
a community. In one of the recent studies that adopted the statistical learning
9

The term “statistical learning” also has other uses in computer science (see Vapnik 1999), where it
refers to theoretical and algorithmic analysis of function estimation. Many of the machinelearning algorithms that we are familiar with (e.g., support vector machine) originate in this
deﬁnition of statistical learning.
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paradigm, Tompson and colleagues (2019) were interested in participants’
mental representation of community structure in social and non-social
contexts. Under the social context condition, they presented participants with
a series of fractal images one at a time and framed these images as avatars of
people from an online social media platform. The task for participants was to
decide whether each image was rotated or not. Unbeknownst to the
participants, the sequence of images was generated by a random walk through
a network structure pre-speciﬁed by the researchers, and each fractal image
represented a node in the network. This random walk process ensured that after
one fractal image was presented, its connected images were equally likely to be
presented immediately afterwards.
To measure participants’ capacity to learn the underlying network
structure, Tompson and colleagues relied on two behavioral indicators.
One is an explicit categorization task called the odd-man-out test, where
participants were given three images among which two represented nodes
next to each other on the network, and the remaining one was drawn from
nodes at least three degrees away from the other two images. After
completing the rotation task, participants were told that the stream of
images they saw previously followed a pattern, and their goal in the oddman-out test was to correctly select the image that did not ﬁt with the other
two images. If participants successfully learned the network structure, they
would select the image that was far from the other two images on the
network. Thus, an individual’s network representation capacity could be
quantiﬁed as her accuracy in the odd-man-out test.
The other behavioral indicator is participants’ reaction time during the
rotation task. If participants learned the underlying network structure, they
were expected to spend longer on the rotation judgment task when the image to
be judged came from a different cluster than the one they had previously seen.
The rationale is that after learning the structure, they would anticipate the
current image to come from the same cluster as the previous one. When the
current image went against their expectation, it took longer to respond as they
had to overcome the anticipation. This phenomenon is called surprisal effect
(Schapiro et al. 2013). A larger surprisal effect (i.e., slower reaction time after
cluster transitions relative to reaction time prior to cluster transitions) indicates
better capacity to learn network representation.
Compared to structural learning, the statistical learning paradigm
requires more trials for participants to acquire the network structure and
more sophisticated design of outcome measures. However, it enables
inferences of individual’s global network representation capacity in
a controlled experimental setting and is especially powerful for
investigating how and under what circumstances, humans may switch
between different global relational schemata to ofﬂoad cognitive loads
(Gebhart et al. 2009).
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conclusions
In this chapter, we reviewed the puzzle of people’s low accuracy in perceptions
of local ties in egocentric networks versus their much higher accuracy in
perceptions of global network structures such as eigenvector centrality. We
posit that such a puzzle is resolved by recognizing that humans rely on layers
of relational schemata to mentally organize their social contacts. In other
words, within-subject differences in local and global accuracy essentially
reﬂect differences in the schemata used by the individual to mentally represent
her social network information on the two levels. Across individuals, variations
in the use of schemata can be attributed to individual differences in each
person’s schemata repertoire, as well as her tendencies to adopt certain
schemata in a particular situation or context given prior experiences.
Consequently, the speciﬁc set of schemata one activates could vary in its
sufﬁciency and appropriateness in fully representing the network structure.
This eventually introduces variations in individual capacity to mentally
envision network characteristics from their mental representations.
Building upon this insight, we reviewed and compared four prominent
survey or experimental paradigms that enable quantiﬁcations of individual
differences in network representation capacity: the error paradigm, the freerecall paradigm, the structural learning paradigm and the statistical learning
paradigm. While these four paradigms have different strengths and weaknesses
(e.g., difﬁculty in administration) and are appropriate for examining network
representation capacity on different levels (i.e., local network features or global
network structures), they nonetheless invite a new research agenda that seeks to
understand how individuals’ mental organization of their social network
information correspond with subjectively reported or objectively observed
social connections.
Theoretically, our approach is consistent with the conceptual plurality of
social networks as “methodological tools,” as “metaphors for understanding
forms of relations,” and as “descriptors of social forms” (Knox, Savage, and
Harvey 2006, p. 114). As methodological tools, social networks are logical
models constructed by analysts to account for observed social structure in
a coherent and economical way. Formulas that describe these models do not
describe or prescribe any social practice and/or social process that generate the
observed social structure. As metaphors, social networks symbolize social
relatedness and interconnections. And as descriptors, social networks become
referents to the social structure that they are designed to describe. In some sense,
our question about individual mental representations of social networks
connects the instrumentalists’ toolkit view with the realists’ descriptor view of
social networks by investigating the micro-cognitive representation of social
network structures in the human mind. When the “analysts” who develop
models of social structure, including both researchers and those whom we
study, also have the capacity to act and shape the structure they observe,
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interaction between the two worlds – mental and social – becomes critical to
understanding dynamics of social networks.
Although it remains an empirical question whether a perfect network
representation is the best mental model for utilizing and mobilizing social
network resources, there exists the possibility that envisaging and mobilizing
social contacts in such a manner may eventually recreate social structure into
social networks.
In the end, future research should explore the full cycle of egocentric
networks from their source in social interactions, to their representation in
each member’s mind, and their eventual behavioral realization in practices of
mobilization. Such efforts will enable researchers to better understand how
network information is encoded into the human mind, and what relational
schemata individuals adopt given their social connections. Additionally, we
also encourage future researchers to investigate how and to what extent
individuals incorporate the network diagram into their perceptions of social
relationships. Realizing that network visualization itself can become a basis for
social action, researchers may want to investigate the changing meanings of
networks in the eyes of participants, especially as the rise of social media makes
the concept of social networks more prevalent and increasingly subject to
popular mythologizing.
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