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Overview

In 1932, Bartlett introduced the term “schema” to Psy-
chology and defined it as “an active organization of
past reactions, or of past experiences…” (p. 201).
Across repeated, albeit slightly different, experiences,
we extract similarities and regularities and use these
building blocks as scaffolding for future encounters.
Since Bartlett’s proposal, the construct of schema
has become central in many domains of cognition,
including development, learning and memory, and
decision making (e.g., Anderson, 1984; Euston,
Gruber, & Mcnaughton, 2012; Fellows, 2016; Ghosh &
Gilboa, 2014; Kumaran, 2013; Mandler, 1992; Piaget,
1954; van Kesteren, Ruiter, Fernández, & Henson,
2012). Although the precise definition of “schema”
varies, the general consensus among researchers is
that schemas are associative, superordinate knowl-
edge structures that represent abstracted commonal-
ities across a number of instances. Schemas are also
widely viewed as playing a key role in guiding our
current behaviour and thoughts and, in turn, are
modified by new experiences (e.g., Bartlett, 1932; Fer-
nández & Morris, 2018; Ghosh & Gilboa, 2014; Preston
& Eichenbaum, 2013; van Kesteren et al., 2012).

The papers in this Special Issue of Cognitive Neurop-
sychology provide a broad perspective on how
schemas impact higher-order cognition, building on
foundational work in cognitive psychology, clinical
neuropsychology, and cognitive neuroscience.
Several empirical papers examine how schematic rep-
resentations are formed, updated, and activated in
ways that can facilitate new learning and other cogni-
tive processes, but under certain circumstances, may

also hinder performance (Pudhiyidath, Roome, Cough-
lin, Nguyen, & Preston, 2019; Raykov, Keidel, Oakhill, &
Bird, 2019; Ryan et al., 2019; Webb & Dennis, 2019;
Zhang, Johndro, Budson, & Gutchess, 2019). These
effects are examined in several populations, including
healthy children, young adults, older adults, and indi-
viduals with amnestic mild cognitive impairment. In
two review/theory papers, the authors use the con-
struct of schema as an interpretive framework for
understanding different aspects of cognition (Davis,
Altmann, & Yee, 2019; Yu, Kan, & Kable, 2019).
Together, these papers provide new insights into the
cognitive architecture and neural bases of schematic
influence.

Schema formation in children and adults

Focusing on schematic representations of other
people, Raykov et al. (2019) ask how novel person-
specific schematic knowledge is neurally instantiated.
To induce schematic knowledge, participants were
exposed to six episodes of one of two previously unfa-
miliar television shows. At the end of the acquisition
period, subjects were shown pictures of the main char-
acters of both the trained show and the unfamiliar
show. Consistent with prior neuroimaging investi-
gations of schematic processing that utilize other
paradigms (e.g., Baldassano, Hasson, & Norman,
2018; Liu, Grady, & Moscovitch, 2016; Zeithamova,
Dominick, & Preston, 2012), Raykov and colleagues
observe training effects in ventromedial prefrontal
cortex (vmPFC), retrosplenial cortex, and to a lesser
extent, hippocampus, with these regions showing
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increased activation for trained compared to
untrained characters. In contrast to theoretical frame-
works that propose competing roles for vmPFC and
hippocampus during schematic processing (e.g.,
SLIMM, van Kesteren et al., 2012), Raykov and col-
leagues report similar response profiles across these
regions, suggesting that these regions work together
in mediating schematic effects (see also Preston &
Eichenbaum, 2013; Robin & Moscovitch, 2017). Exam-
ining representational similarity, the authors further
demonstrate that character identity can be decoded
in vmPFC, but not in hippocampus. This is the case
regardless of prior training with the characters,
leaving open the question of how newly acquired
schematic knowledge is coded in the brain.

Current evidence on the development of schemas
suggests that although young children form temporal,
spatial, and event associations in a similar manner as
adults (i.e., extracting regularities over multiple
instances), their schemas tend to be less elaborate
and also less flexible than those formed by adults,
even when controlling for differences in prior experi-
ence (e.g., Farrar & Goodman, 1992; Price &
Goodman, 1990). To further characterize these differ-
ences, Pudhiyidath et al. (2019) examine the ability
of children, adolescents, and young adults to learn a
temporal community structure and to use that struc-
ture to guide decisions in a non-temporal reasoning
task (see below). By watching the sequential presen-
tation of cartoon characters, with the same characters
repeatedly occurring in temporal proximity, partici-
pants acquired knowledge about the temporal com-
munities to which the characters belonged. On a
forced choice task assessing explicit knowledge of
the temporal schema, increasing age was associated
with greater temporal knowledge. The authors postu-
late that the protracted development of temporal
schema formation may reflect ongoing maturation
of hippocampal and prefrontal mechanisms, but pre-
cisely how these regions interact remains to be
established.

Schema effects on memory and reasoning

Three studies examine the extent to which different
types of schemas, whether newly or pre-experimen-
tally formed, impact episodic memory. Zhang and col-
leagues (2019) focus on the self-schema—the sum of
one’s own preferences, personality traits, actions, and

goals exhibited over multiple personal experiences.
The authors sought to activate the self-schema in
two ways: (a) by means of a conventional trial-by-
trial self-reference procedure, where each word is pro-
cessed in reference to the self, and (b) by using an
autobiographical thought induction procedure,
where subjects recalled autobiographical memories
prior to encoding the word list. Subjects’ recognition
of the stimuli was later tested. In addition to young
adults, the authors tested older adults with and
without a diagnosis of amnestic mild cognitive impair-
ment (aMCI), which is associated with declines in hip-
pocampal function and episodic memory. Relative to a
non-self-referential control condition, the trial-by-trial
self-reference procedure led to improved recognition
memory in all groups. In contrast, the novel autobio-
graphical thought induction condition resulted in
reduced memory performance, primarily due to an
increase in false alarms in all groups. The authors
suggest that the beneficial effects of self-referential
processing may be temporally limited, where it can
be observed on a trial-by-trial basis but not through
a schema induced for a prolonged period.

Episodic memory benefits associated with sche-
matic knowledge are also apparent in the study by
Raykov and colleagueset (2019), in which participants
developed schemas for characters in a television
show. In one task, participants were given a recog-
nition memory test in the scanner for the specific
images of trained and untrained characters to which
they had been exposed. In another task, they viewed
short videos of unseen episodes from the trained
show and short videos from the untrained show, fol-
lowed by forced choice questions that assessed
memory of the video clips. Consistent with prior
behavioural findings, subjects had better memory for
pictures and video clips from trained than untrained
shows. Surprisingly, however, connectivity analyses
did not reveal modulation by training condition for
either vmPFC or hippocampus.

Taking a somewhat different approach, Webb and
Dennis (2019) focus on the effects of complex scene
schemas on memory for information that supports
the scene (i.e., schema-consistent information) and
information that naturally fits into the scene but
does not support the schema (i.e., non-schematic
information). They find that schema-consistent items
are associated with higher hit rates than non-schema
items, possibly reflecting the privileged encoding of
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schema-consistent items. But this is accompanied by
higher false alarm rates for schema-consistent items,
yielding equivalent memory accuracy for schema-con-
sistent and non-schema information. In a follow-up
experiment, Webb and Dennis demonstrate that
cueing participants to attend to non-schema items
can mitigate the prioritization of schema-consistent
information. Notably, such a manipulation improves
memory for non-schema items without disrupting
memory for schema-consistent items—a pattern
apparent in both younger and older adults. These
results at the same time demonstrate the impact of
goal-directed mechanisms at encoding and the perva-
sive influence of schemas.

Schemas can also exert effects on inference tasks
that require hippocampally-mediated relational pro-
cesses. In a typical transitivity paradigm, participants
learn to associate a sample stimulus with one of two
choice stimuli. Across multiple trials of premise pairs
(e.g., learning that A goes with B but not X, and B
goes with C but not Y), participants eventually infer
that the stimuli belong to one of two different
groups based on their associations with one another
(e.g., if given A, choose C, which is from the same
group, but not Y, which belongs to a different
group). Ryan and colleagues (2019) use such a task,
adapted from the rodent literature, but vary the
degree of prior semantic relatedness of studied and
inferred pairs of stimuli. The items used are known
objects, either with arbitrary relations or well-estab-
lished previously known relations. The authors
demonstrate that older adults’ ability to make transi-
tive inferences is facilitated when they have prior
knowledge of the relations among premise pairs.
This schematic scaffold effect is present both in
healthy older adults and in adults at risk for cognitive
decline, suggesting a promising avenue for interven-
tion in cognitive aging. However, its absence in
adults diagnosed with aMCI sets limits on the extent
of the effect and points to its dependence on hippo-
campal-medial prefrontal cortex circuitry, which may
be affected in aMCI (e.g., Ries et al., 2012).

At the other end of the developmental spectrum,
Pudhiyidath and colleagues (2019) show that induc-
tive reasoning also benefits from the acquisition of
schematic knowledge. Participants’ ability to flexibly
use the temporal community structure they acquired
during the experiment was tested by presenting
them with a non-temporal fact about one character

and assessing whether they could apply that knowl-
edge to a character from the same temporal commu-
nity. Reasoning decisions indeed were influenced by
the knowledge participants had acquired about tem-
poral relationships, and greater knowledge of tem-
poral schema was associated with a greater bias to
infer that characters from the same community
shared non-temporal features. These studies provide
important insights into schematic effects in early
development and their breakdown in aging and
age-related disease, with implications for workable
interventions.

Schema as an interpretive framework

In recent neuroimaging studies, the vmPFC has
emerged as an important region in the instantiation
and processing of schemas. However, the picture
from the neuropsychological literature is less coher-
ent. Damage to the ventromedial frontal lobes (VMF,
which includes both vmPFC and orbitofrontal cortex)
has been linked to deficits in a wide variety of cogni-
tive domains, including executive function, valuation,
decision making, memory, emotion, social cognition,
and the self. In a systematic review of human lesion
studies of patients with VMF damage published
within the last 20 years, Yu and colleagues (2019)
advance a framework that can potentially unify the
impairments observed across these seemingly dispa-
rate domains. They propose that VMF plays an impor-
tant role in representing the structure of the world,
and such representations are abstract and flexible,
enabling inferences about relationships. These charac-
teristics are similar to the conceptions of “cognitive
map”, “state space” and “schema”, ideas that are pro-
minent in the learning, decision making, and
memory domains. Furthermore, VMF’s connectivity
to multiple sensory regions and to the medial tem-
poral lobes enables VMF to represent such abstract
structures and to integrate information across
different sources. The authors propose that impaired
schematic or state representations can account for
the cognitive deficits observed across the various
domains.

Finally, Davis and colleagues (2019) propose that
reference to schema knowledge provides a useful
theoretical lens for understanding differences
between concrete and abstract concepts. The
authors argue that the difference between concrete

COGNITIVE NEUROPSYCHOLOGY 3



and abstract concepts is best thought of as a differ-
ence in the degree of shared situations, called “situa-
tional systematicity”, where concrete concepts have
higher situational systematicity than abstract con-
cepts. Building on recent neurobiological models of
schemas (e.g., Gilboa & Marlatte, 2017; van Kesteren
et al., 2012; van Kesteren et al., 2013), the authors
further propose a model of schema control circuitry
that includes the angular gyrus, medial prefrontal
cortex (mPFC), inferior frontal gyrus, and hippo-
campus. These distinct brain regions interact in a con-
tinuous and interactive way. Under conditions of low
situational systematicity (i.e., for abstract concepts),
multiple schemas compatible with the concept will
be activated, and these regions work competitively
to minimize the influence of task-irrelevant infor-
mation. However, when situational systematicity is
high (i.e., for concrete concepts), the need for mPFC-
driven inhibition is lower because there will be fewer
competing activated schemas. In sum, the extent to
which mPFC is engaged, along with its inhibitory
influence over the hippocampus, is determined by
the degree of situational systematicity. This work chal-
lenges the traditional consideration of concepts along
a continuum of abstractness – concreteness and pro-
vides a model of neural circuitry for a schema
control network.

Concluding comments

The collection of papers in this Special Issue of Cogni-
tive Neuropsychology illustrates the fact that the
process of schema formation is automatic, and the
influence of schemas is pervasive and also dynamic.
Raykov and colleagues (2019) and Pudhiyidath and
colleagues (2019) introduced experimental paradigms
that can be used to induce schema formation natura-
listically. The underlying processes involved (e.g.,
extracting similarities across multiple experiences,
associative memory structure) appear to be quite
similar for both adults and children and also across
the domains of person-specific schemas and temporal
schemas. Once the schemas are formed, schematic
processing often bestows benefits on memory and
reasoning, but under some circumstances it can
have detrimental effects, as reflected in increased
false alarm rates in recognition memory. The
findings by Webb and Dennis (2019) clearly illustrate
that there are boundary conditions to the beneficial

schematic effects on recognition memory. In particu-
lar, when lure items also strongly activate a schema,
the enhanced familiarity associated with schematic
information may no longer be useful. This may be
more likely to occur when a schema is provided in
the context of the experiment than when participants
need to infer the schema on their own, as was the case
in Raykov and colleagues (2019) and Zhang and col-
leagues (2019).

Another factor that may moderate schematic
effects relates to the specificity of the activated
schema. This may explain the differential effects of
the traditional trial-by-trial self-reference and autobio-
graphical thought induction procedures employed by
Zhang and colleagues (2019). In the traditional pro-
cedure, participants are directed to process each
word in a specific manner (i.e., to determine whether
a word describes themselves), and such processing
may be particularly effective in promoting the anchor-
ing of the stimulus word to the self-schema. In con-
trast, the autobiographical thought induction
paradigm encourages subjects to engage in a sus-
tained mode of self-referencing. When a stimulus
word is presented, the relevant aspect of the self-
schema may not be readily activated, thus rendering
the scaffolding less effective.

Turning to the data from individuals with aMCI, it is
notable that although inference ability suffers (Ryan
et al., 2019), recognition memory enhancements
associated with self-referential processing remain
present (Zhang et al., 2019). One possibility is that
inference requires a level of flexible processing of
schema information that is not necessary for self-refer-
ential processing. This flexibility requires protracted
brain maturation (Pudhiyidath et al., 2019) and may
also be affected by age-related degeneration.
Another possibility is that the ability to benefit from
schematic processing depends on the strength of
the schema. Although not explicitly manipulated in
the studies in this issue, one could argue that the
self-schema is likely to be the strongest schema in
long-term memory. Perhaps the beneficial effects of
schematic processing are evident in aMCI only when
the scaffolding is the strongest.

A number of studies in this issue point to hippo-
campal-medial prefrontal interactions as being critical
in mediating schematic scaffolding effects, but the
precise nature of these interactions remains unclear.
Whereas the findings by Raykov and colleagues

4 I. P. KAN ET AL.



(2019) suggest that these regions work cooperatively,
Davis and colleagues (2019) propose that these
regions inhibit each other during schema processing.
The conditions under which each of these dynamic
models applies remain to be further elucidated;
doing so could help explain situations in which per-
formance does not benefit from schematic knowl-
edge, such as in the aMCI group tested by Ryan and
colleagues (2019). Moreover, the influence and
timing of contributions from neocortical regions
outside of medial prefrontal cortex add another layer
of complexity that remains to be worked out. As
suggested by Yu and colleagues (2019), a greater
focus on the functional networks interconnected
with medial prefrontal cortex, rather than individual
regions, could be particularly helpful in this regard,
as would methods that are better able to capture
brain dynamics, such as MEG and EEG.

Investigations of schemas in humans have primar-
ily been in relation to event-related knowledge struc-
tures within the domain of verbal memory. In the
animal literature, however, investigations that
employ spatial navigation paradigms are more
common (e.g., McKenzie, Robinson, Herrera, Church-
ill, & Eichenbaum, 2013; Tse et al., 2007). The
recent discovery of “schema” cells in the macaque
has brought renewed attention to the possibility of
spatial schemas in humans (Baraduc, Duhamel, &
Wirth, 2019). Only a handful of human studies have
been designed to track spatial schema instantiation
(e.g., Marchette, Ryan, & Epstein, 2017; van Kesteren,
Brown, & Wagner, 2018). Another question concerns
the relevance of schemas to understanding pre-
served aspects of remote spatial memories following
hippocampal lesions (e.g., Herdman, Calarco, Mos-
covitch, Hirshhorn, & Rosenbaum, 2015; Winocur,
Moscovitch, Rosenbaum, & Sekeres, 2010), and if
and how these representations map onto distinctions
between allocentric and egocentric coordinates or
relate to cognitive maps (Epstein, Patai, Julian, &
Spiers, 2017). Future research aimed at identifying
the core features of environments that form schema-
tized spatial knowledge and how spatial schemas are
organized at the neural level is warranted. Compu-
tational approaches are promising in this regard
(e.g., Filomena, Verstegen, & Manley, 2019).

There is a longer history of research on schemas
giving rise to false memory and memory distortions
(Bartlett, 1932; Deese, 1959; Ghosh & Gilboa, 2014;

Roediger & McDermott, 1995). Although not
covered extensively in the current Special Issue,
this work has implications for understanding the
limits of training paradigms to enhance memory in
real-world settings and for addressing issues of
societal concern, such as fake news and deepfakes,
which refers to the use of machine learning of a
person’s vocal, facial, and body dynamics based on
audio and video recordings to produce occurrences
that never actually took place (Rini, 2019). There is
the suggestion that fake news and deepfakes are
difficult to disregard or extinguish given their rapid
and far reach via the internet and social media
(Vosoughi, Roy, & Aral, 2018). The growing challenge
in deciphering true from false information may facili-
tate the incorporation of false information into
schemas, which, in turn, influences the way in
which new information is perceived and
remembered.

In summary, great strides have been made in
defining schemas, understanding their neural sub-
strate, and identifying how they build up in develop-
ment and break down in older age and in
neurological conditions. As reflected in the collection
of articles in this Special Issue, an interdisciplinary,
multimethod approach is needed to further advance
the field. For now, the new data and theoretical
reviews on schemas presented in this issue of Cogni-
tive Neuropsychology have the potential to generate
testable hypotheses and, ultimately, a unifying
theory of hippocampal-neocortical interactions that
bridges animal and human models, and basic and
applied research.
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