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Abstract
Increasing evidence indicates that the subjective experience of recollection is diminished in autism spectrum disorder (ASD)
compared to neurotypical individuals. The neurocognitive basis of this difference in how past events are re-experienced has been
debated and various theoretical accounts have been proposed to date. Although each existing theory may capture particular
features of memory in ASD, recent research questions whether any of these explanations are alone sufficient or indeed fully
supported. This review first briefly considers the cognitive neuroscience of how episodic recollection operates in the neurotypical
population, informing predictions about the encoding and retrieval mechanisms that might function atypically in ASD. We then
review existing research on recollection in ASD, which has often not distinguished between different theoretical explanations.
Recent evidence suggests a distinct difficulty engaging recollective retrieval processes, specifically the ability to consciously
reconstruct and monitor a past experience, which is likely underpinned by altered functional interactions between neurocognitive
systems rather than brain region-specific or process-specific dysfunction. This integrative approach serves to highlight how
memory research in ASD may enhance our understanding of memory processes and networks in the typical brain. We make
suggestions for future research that are important for further specifying the neurocognitive basis of episodic recollection in ASD
and linking such difficulties to social developmental and educational outcomes.
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Introduction

Memory is an integral part of our daily lives, from indirect
influences on our thoughts and behavior to conscious recall of
previous experiences, and is a central aspect of development,
learning, and social communication. Understanding how and
why memory may differ in various populations, including
individuals with healthy aging, patients with brain lesions,
and children and adults with developmental disorders such
as autism spectrum disorder (ASD), is of vital importance
for optimizing health and wellbeing in these individuals, and
can often provide novel insights into how memory operates in
the typical brain.

People diagnosed with ASD most notably have difficulty
with social interaction, including the processing of social-
emotional cues as well as verbal and non-verbal communica-
tion. Additionally, people with ASD commonly exhibit inflex-
ible behavior, fixated interests, and hypersensitivity to sensory
input, as defined by the DSM-5 diagnostic criteria. Therefore,
flexibly adapting to new environments and cognitive demands
can be extremely challenging for these individuals. In addition
to the core characteristics of ASD, early research also identi-
fied relatively consistent memory impairments, leading to the
initial perception of ASD as a form of amnesic disorder
(Boucher & Warrington, 1976).

Our understanding of memory functioning in ASD has
now developed substantially, with research exploring the
pattern of memory difficulties and strengths in this popu-
lation due to the potential implications for both social
communication and education outcomes. Such research
has revealed a pattern of relatively unaffected implicit
memory, semantic memory, and recognition memory, par-
ticularly in individuals without language or intellectual im-
pairments, but diminished episodic recollection, in terms
of the ability to retrieve and re-experience the specific
details and spatial-temporal context of a previous event
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(see Boucher et al., 2012; Bowler et al., 2011 for previous
reviews). A handful of theoretical accounts have been pro-
posed that attempt to explain why memory of episodic
experiences is diminished in ASD; however, the neurocognitive
basis of this ability remains largely unclear. This is partly because
much research to date has not systematically tested the nature of
recollection in ASD with consideration of the different encoding
and retrieval processes underlying recollection in the
neurotypical population. Integrating these two avenues of re-
search provides novel insights into the neurocognitive basis of
memory differences in ASD and raises questions concerning the
previous theoretical accounts of memory functioning in this pop-
ulation. Moreover, studying memory in ASD can provide a
unique perspective into the nature of memory itself, potentially
revealing fresh insights into the role of specific brain networks in
memory in the neurotypical population.

In this review, we provide a brief overview of the cognitive
neuroscience of recollection, focusing on important encoding
and retrieval processes that are most relevant to understanding
memory in ASD. We then evaluate research into recollection
in ASD and proposed theoretical explanations, as well as re-
cent research that challenge these views and emphasizes the
need for a more systematic, integrative approach. Finally, we
consider important future investigations that we believe will
advance research in this area.

Encoding and retrieval processes
of recollection

Episodic memory refers to our ability to recall and re-
experience specific episodes that have a unique spatial-
temporal context and involves Bautonoetic awareness,^ re-
quiring self-reflection (Tulving, 1985). According to dual-
process theories, episodic recollection involves controlled
search for and evaluation of contextual details (Yonelinas,
2002) and is a threshold Bsome-or-none^ process, where ei-
ther some qualitative information about an event is recollect-
ed, with varying degree of specificity (Onyper et al., 2010), or
no context information is recollected. In contrast, familiarity
involves the feeling of knowing that something has been en-
countered before, but without recollection of additional, spe-
cific details from the original experience (Yonelinas, 2002).
Familiarity is considered to be an automatic process wherein a
stimulus is associated with a processing fluency strength,
which can give rise to an explicit familiarity-based judgement
if a criterion for recognition is surpassed (e.g., Green& Swets,
1966). Measuring recollection necessarily involves measuring
the ability to retrieve episodic details, involving the search for,
reconstruction, and evaluation of a memory, but successful
recollection is also reliant on how effectively information
was encoded, involving the perception, integration, and trans-
formation of sensory features into a memory representation. If

either of encoding or retrieval is dysfunctional, then episodic
recollection can be substantially diminished.

Recollection disproportionately benefits from an elabora-
tive, deeper level of processing, such as greater imageability
and relating a stimulus to a meaningful context (e.g.,
Gardiner et al., 2001; Leshikar & Duarte, 2012; Skinner &
Fernandes, 2010; Yonelinas, 2001). These effects are likely
related to enhancing attention during encoding, given that
dividing attention, by using an unrelated task to limit atten-
tion to the encoded stimulus, disproportionately impairs sub-
sequent recollection relative to familiarity (Gardiner et al.,
2001; Yonelinas, 2001). These effects on recollection are
generally observed to be governed by top-down control pro-
cesses mediated by lateral prefrontal cortex (Blumenfeld &
Ranganath, 2007; Dennis et al., 2015; Otten, 2007; Park &
Rugg, 2011). However, encoding involves not only directing
attention to and processing information, but also the forma-
tion of arbitrary and flexible relations between constituent
aspects of an experience (Konkel & Cohen, 2009). This
Brelational binding^ process is widely thought to be facili-
tated by the hippocampus (Diana et al., 2007; Horner et al.,
2015; Konkel & Cohen, 2009; Shimamura, 2010), where
hippocampal activity during encoding predicts subsequent
recollection (Otten, 2007; Park & Rugg, 2011; Ranganath
et al., 2003). In contrast, successful encoding of item-
specific features and individual objects can be supported
by distinct neocortical regions such as inferior occipital/
temporal cortex (Horner et al., 2015) and the perirhinal cor-
tex (Awipi & Davachi, 2008; Davachi, 2006). The hippo-
campal binding process involves the integration of signals
from sensory-specific brain regions into a bound representa-
tion (Preston & Eichenbaum, 2013), while frontally-
mediated encoding processes are thought to modulate the
degree to which elements are processed and integrated with-
in the hippocampus (cf. Addis & McAndrews, 2006).

Even if encoding is optimal, the context in which an event
is retrieved can also have a separable influence on the likeli-
hood of recollection success. Retrieval cues narrow the infor-
mation to be searched for and monitored in memory (Morcom
& Rugg, 2012), promoting recollection success by increasing
the overlap between encoding and retrieval contexts (Elfman
& Yonelinas, 2015), as described by the encoding specificity
principle (Tulving & Thomson, 1973). Recollection is a re-
constructive process (Schacter & Addis, 2007) that is thought
to depend on the ability of the hippocampus to engage in
pattern completion and integrate distinct aspects of a memory
trace (McClelland et al., 1995; Moscovitch, 2008). As such,
greater hippocampal activity during context recollection com-
pared to item familiarity is widely observed (see Eichenbaum
et al., 2007; Rugg & Vilberg, 2013 for reviews; see Kim,
2016; Skinner & Fernandes, 2007; Spaniol et al., 2009 for
meta-analyses). Recent theories emphasize that the role of
the hippocampus is best described by its representational
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content rather than memory retrieval processes (Cabeza &
Moscovitch, 2013; Cowell et al., 2010; Diana et al., 2007),
where the hippocampus is sensitive to relational rather than
item representations regardless of whether encoding and/or
retrieval is explicit or implicit (Dew & Cabeza, 2011; Duss
et al., 2014; Hannula & Greene, 2012; Olsen et al., 2012;
Reber et al., 2012).

Additional brain regions, such as prefrontal and parietal
cortices, are required to facilitate the conscious experience of
recollection (Ranganath, 2010; Cabeza & Moscovitch, 2013;
Hannula & Ranganath, 2009; Moscovitch, 2008;
Moscovitch et al., 2016). The posterior parietal cortex in
particular has been proposed to play an important role in
explicit memory reactivation (Rugg & Vilberg, 2013), which
is suggested by the consistent decreases in recollection con-
fidence and vividness exhibited by patients with parietal
lesions (Hower et al., 2014; Simons et al., 2010). It has been
theorized that posterior parietal cortex is directly involved in
the online representation and integration of event-specific
information (Bonnici et al., 2016; Kuhl & Chun, 2014;
Vilberg & Rugg, 2012). Moreover, activity of the angular
gyrus has been observed to track the perceived vividness
and objective precision of retrieved memories (Kuhl &
Chun, 2014; Richter, Cooper, et al., 2016). The ability to
engage in recollection and reflect upon these retrieved mem-
ory representations is dependent upon strategic retrieval pro-
cesses mediated by lateral prefrontal cortex (Badre
&Wagner, 2007; Simons & Spiers, 2003), including pre-
retrieval cue specification (Dobbins et al., 2002; Moss et
al., 2005) and post-retrieval monitoring (Dobbins et al.,
2002; Gallo et al., 2010). The medial prefrontal cortex on
the other hand has been associated with introspective pro-
cesses such as reality monitoring, self-referential processing,
metacognition, and contextual integration (Buckner &
Carroll, 2007; Preston & Eichenbaum, 2013; Simons et al.,
2017). A core function of the medial prefrontal cortex is
thought to be mental simulation – shifting from our present
perspective to an alternative, internally represented perspec-
tive – broadly characterised as Bself-projection^ (Buckner &
Carroll, 2007). The medial prefrontal cortex is considered to
integrate retrieved memories with current goals, states, and
inter-related memories by highlighting and distinguishing
between Bmeaningful^ contexts (Schlichting & Preston,
2015; Zeithamova et al., 2012). Therefore, hippocampal re-
lational processes facilitate reinstatement of episodic memo-
ries (Gordon et al., 2014; Ritchey et al., 2013), but are
crucially accompanied by distinct parietal and frontal pro-
cesses that involve consciously representing a past experi-
ence and integrating it with prior knowledge.

It is important to emphasize, however, that episodic recol-
lection is determined by the flexible coordination of these
different cognitive processes and neural systems (Cabeza &
Moscovitch, 2013). Functional connectivity strength, over

and above region-specific activity, of whole-brain networks
involving important hubs such as the hippocampus andmedial
prefrontal cortex, is important for episodic recollection (Geib
et al., 2015; King et al., 2015; Schedlbauer et al., 2014; Robin
et al., 2015; see Preston & Eichenbaum, 2013 for a review),
reflecting increased transfer and integration of information
that promotes recollection success. Hippocampal connectivity
with regions of the fronto-parietal control network (FPCN) is
enhanced during successful and vivid recollection (Bowman
& Dennis, 2016; Ford & Kensinger, 2016; Hannula &
Ranganath, 2009; Wais et al., 2010). Increases in connectivity
between the default mode network (DMN) and FPCN also
facilitate flexible goal-directed behavior (Spreng et al., 2010)
that contributes to episodic memory retrieval (Fornito et al.,
2012). These studies highlight the importance of functional
interactions over and above distinct neurocognitive processes
to our understanding of episodic recollection.

Episodic recollection in ASD

While it has become clear that people with ASD are generally
far from amnesic, and can often have good memory for par-
ticular types of information, individuals with ASD, without
accompanying language or learning difficulties, tend to exhib-
it a characteristic pattern of memory performance.
Specifically, episodic recollection appears to be disproportion-
ately impaired (see Bowler et al., 2011; Boucher et al., 2012)
over and above semantic memory, familiarity-based recogni-
tion memory, and implicit memory, which often show mini-
mal differences between people with ASD and neurotypical
controls (e.g., Bowler et al., 1997; Gardiner et al., 2003;
Hedley et al., 2012). For instance, direct comparisons of epi-
sodic and semantic memory reveal clear reductions in the
former in the presence of good ability for the latter: Gaigg et
al. (2014) observed that ASD participants have good semantic
knowledge for the chronological order of historical figures but
have difficulty recalling the experiment-specific temporal or-
der in which the same historical figures had been studied.
Similarly, Crane and Goddard (2008) demonstrated that adults
with ASD possess the same level of explicit semantic self-
knowledge as do typical adults but have selectively reduced
autobiographical episodic memory recall. The following sum-
mary highlights the types of experiments that have been used
to test episodic recollection in ASD, which demonstrate a
relatively consistent difficulty in retrieving specific details of
past events.

Several studies have assessed personal autobiographic rec-
ollection in ASD, often quantifying specific and general mem-
ory details. In these studies, ASD participants exhibit a reli-
able reduction in explicit recall of event-specific autobio-
graphic episodic memory details (e.g., Bruck et al., 2007;
Crane et al., 2012; Goddard et al., 2007; Lind & Bowler,
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2010; Tanweer et al., 2010), but they can often recall just as
many general event details as typical individuals (Crane et al.,
2009; Maister et al., 2013), suggesting an increase in the ex-
tent to which personal memories are Bfactual^. Such studies
have been complemented by experimental paradigms where
participants are tested on their ability to recollect the context
of studied stimuli. Subjective remember/know judgements are
thought to map well on to recollection and familiarity process-
es in recognition memory tasks (Yonelinas, 2002), with the
former based on memory for details of the context in which
the item was studied, and the latter reflecting item familiarity
but an inability to recall details of the original encoding expe-
rience (Tulving, 1985). Subjects with ASD are consistently
less likely than typical participants to report that they
Bremember^ contextual details of an item but are just as likely
or more likely to report that they Bknow^ they studied an item
before (Bowler et al., 2000; Bowler et al., 2007; Cooper et al.,
2015; Cooper et al., 2017a; Gaigg et al., 2015; Meyer et al.,
2014; Souchay et al., 2013; Tanweer et al., 2010). However,
some studies have also observed reduced familiarity-based
recognition memory in ASD (Bowler et al., 2004; Solomon et
al., 2016), a finding that is more commonly identified in individ-
uals with language or learning impairments (Boucher et al.,
2008; Bigham et al., 2010). Nonetheless, remember/know re-
ports provide convincing evidence that the overall subjective
experience of recollection occurs less frequently in individuals
with ASD compared to neurotypical individuals.

In support of the findings from subjective methods, source
memory tasks in ASD have provided additional evidence for a
reduction in episodic recollection. These tasks assess partici-
pants’ recollection objectively by manipulating the context or
Bsource^ in which stimuli are studied (Johnson et al., 1993).
People with ASD have often been reported to exhibit difficul-
ties with source memory, including temporal order (Bennetto
et al., 1996; Gaigg et al., 2014), location (Bowler et al., 2004;
Cooper et al., 2015; Ring et al., 2015), as well as memory for
whether information was internally or externally generated at
encoding (Cooper et al., 2016; Hala et al., 2005; Lind &
Bowler, 2009; Maras et al., 2013; Russell & Jarrold, 1999),
but participants with ASD generally exhibit typical item rec-
ognition memory in these studies. Similarly, people with ASD
demonstrate reduced associative memory for object-feature
associations (Bowler et al., 2014; Massand & Bowler, 2012)
and word-object pairs (Southwick et al., 2011). However, im-
paired sourcememory in individuals with ASD has not always
been observed. For example, Souchay et al. (2013) identified
no difference between adolescents with ASD and neurotypical
controls when asked to recall the color, location, and temporal
order of studied information. Similarly, Bowler et al. (2015)
observed no overall difference between their groups for spatial
and temporal source memory, and some studies have identi-
fied no differences in the ability of individuals with ASD to
recall whether they or someone else performed an action

(Farrant et al., 1998; Grainger et al., 2014a; Hill & Russell,
2002; Zalla et al., 2010). Amongst these latter studies, the
number of participants and number of trials per condition
has often been very small, emphasizing that such underpow-
ered studies are unlikely to detect the relatively subtle source
memory deficits in ASD (cf. Cooper et al., 2016; Lind &
Bowler, 2009). However, contradictory evidence across
long-term memory tasks in ASD may also serve to highlight
the possible heterogeneity of memory performance in people
with ASD.

Variability in performance on tasks measuring episodic rec-
ollection in ASD has also been proposed to be a function of
Btask support^ (Bowler et al., 2004), where explicit recollec-
tion difficulties in ASD are observed and accentuated with
low retrieval support, such as minimal retrieval cues, and
when information to be recalled requires a high level of orga-
nization. Minimal retrieval cues and high organization de-
mands are often characteristic of tasks assessing subjective
recollection over and above experiments testing memory for
single contextual details cued in source memory tasks. In sup-
port of this hypothesis, spatial source memory in ASD is dis-
proportionately improved following retrieval support, where
visual source cues were provided to participants (Bowler et
al., 2004; Bowler et al., 2015). Interestingly when provided
with retrieval cues, such as a picture of the room in which a
crime was committed (Maras & Bowler, 2012) or with ques-
tions targeting specific details of autobiographical events
(Crane et al., 2013), individuals with ASD can recall episodic
information with the same level of specificity as neurotypical
individuals. Maras and Bowler (2012) thus claimed that peo-
ple with ASD have difficulty mentally reinstating an event
context but can often exhibit accurate memory for the event
details when provided with physical cues. Memory retrieval in
ASD seems likely, therefore, to be overly context dependent
(cf. Tulving& Thomson, 1973) compared tomemory retrieval
in typical individuals, with an interesting case study by
Boucher (2007, pp. 256-257) reflecting this recollection dif-
ference via the experience of a person with ASD (JS):

BJS describes his capacity for voluntary retrieval as state
dependent. ... JS visits the UK quite regularly, arriving at
Heathrow. However, when he sets out on his journey, or
whilst on the aeroplane, he cannot recall Heathrow, or
any details of how to travel from Heathrow to his desti-
nation in the UK (he does, of course, have instructions
written down). He has no memory of previous visits, of
where to find the shuttle train service to London, or the
bus to the hotel, until he has arrived at Heathrow and
recognizes something which then cues a memory of
previous visits. Thus, both recognition and cued recall
are superior to free recall. Of course, some degree of
state dependency is a common factor in retrieval for
everyone. However, whereas for most people
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dependency is far from total, for JS it can be close to
total. To remember events ..., such as the activities of a
trip abroad, JS formulates an account verbally recon-
structed from a series of facts such as ‘Arrived at Paris
on Friday evening; took a taxi to the hotel; met X in the
bar; had a meal; went to bed.’ The order of these activ-
ities is also reconstructed by analytic reasoning.^

While JS’s memory experience may be towards the more
extreme end of recollection observed in individuals with ASD,
it provides an interesting insight into how this dysfunction
might manifest in everyday situations. The current perspective
on episodic recollection in ASD is that altered recollective
experience arises from differences in the way in whichmemory
representations are manipulated, rather than deficits in memory
for the information itself (Bowler et al., 2011). Thus, details of
eventsmaywell be encoded to some extent in ASD but theway
in which they are encoded, stored, and reconstructed could lead
to difficulty recollecting information with the same level of
detail as seen in neurotypical individuals. A collection of the-
ories has been proposed that attempt to explain the basis of
episodic recollection differences in ASD, each of which focus-
es on a different subset of neurocognitive processes. Though
these theories may account for particular features of memory in
ASD, no theoretical approach alone provides a full explanation
of the episodic recollection differences observed in this popu-
lation. Notably, the accounts were not proposed to be mutually
exclusive or all-encompassing, but, equally, different theories
of memory dysfunction in ASD often have not been distin-
guished from one another experimentally. Below, we consider
the evidence supporting prominent conceptualizations of epi-
sodic recollection in ASD to date, as well as the potential
limitations of evidence underlying each account. Moreover,
we emphasize the importance of distinguishing between dis-
tinct encoding and retrieval processes and how studying
interactions between different neural systems will likely clarify
the basis of episodic recollection in ASD.

Neurocognitive accounts of recollection
in ASD

Self-projection

One approach to explaining recollection in ASD focuses on
the intrinsically self-oriented nature of the experience, specif-
ically the requirements of autonoetic awareness (Tulving,
1985), and the ability of people with ASD to be aware of
and reflect upon past, present, or future perspectives of them-
selves and other people (Lind & Bowler, 2010). Lind (2010)
proposed that diminished perspective taking and self-
awareness in ASD (Lombardo & Baron-Cohen, 2011;
Williams, 2010), often associated with atypical or attenuated

medial prefrontal neural activity in these individuals
(Kennedy & Courchesne, 2008; Lombardo et al., 2009), un-
derpin the reduced ability to encode, and subsequently recol-
lect, self-related and social information. In support of this
proposal, people with ASD have been observed to exhibit a
reduced self-reference effect in memory (Grisdale et al., 2014;
Henderson et al., 2009; Lombardo et al., 2007), in which
neurotypical individuals exhibit enhanced memory for stimuli
when encoded in relation to the self compared to focusing on
perceptual characteristics, for example. Conversely, other
studies have indicated an intact benefit of self-related
encoding in ASD (Cooper et al., 2016; Grainger et al.,
2014a; Lind & Bowler, 2009; Williams & Happe, 2009).
These contrasting results have been suggested to reflect typi-
cal physical self-awareness in ASD alongside atypical psy-
chological self-awareness (Lind, 2010; Williams, 2010).
Moreover, some evidence has suggested that autobiographical
episodic memories in ASD are less organized around self-
goals (Crane et al., 2009) and are less likely to be retrieved
from a first-person perspective (Lind & Bowler, 2010; Lind et
al., 2014). Interestingly, individuals with ASD also show sim-
ilar difficulties with episodic future thinking (Lind & Bowler,
2010; Lind et al., 2014), which could reflect the common
requirement of self-projection (cf. Benoit & Schacter, 2015;
Buckner & Carroll, 2007).

Individuals with ASD also show signs of reduced integra-
tion of social information into their episodic memories,
exhibiting greater impairments in recollection of social details
relative to other perceptual contextual details (O’Shea et al.,
2005) as well as disproportionately reduced memory for
socially-encoded words compared to perceptually-encoded
words (Brezis et al., 2014; Henderson et al., 2009; Lombardo
et al., 2007). Researchers have therefore suggested that a weak-
ness in processing or prioritizing self and social information
mediated by medial prefrontal cortex function, rather than a
separable memory deficit per se, leads to subsequent difficul-
ties in the recollection of specific events details in ASD (Ben
Shalom, 2009; Brezis, 2015). While it is highly probable that
individuals with ASD experience some difficulties in process-
ing self- and socially-related information, the current evidence
to date does not provide definitive support for this explanation
of recollection difficulties (cf. Brezis et al., 2014).

For instance, two source memory studies have observed
that participants with ASD are equally impaired in their rec-
ollection of perceptual contextual details as their recollection
of self and social information (Cooper et al., 2016; Hala et al.,
2005). Furthermore, the proposal of difficulties with self-
projection is primarily based on studies of autobiographic ep-
isodic recollection (e.g., Crane & Goddard, 2008; Lind &
Bowler, 2010), placing an emphasis on recollecting self-
oriented events, but recent evidence pointing to difficulties
in recollecting basic visual associations and visual details of
experimental stimuli (e.g., Bowler et al., 2014; Cooper et al.,
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2015) questions the extent to which self-projection and social-
information processing could account for attenuated recollec-
tion in ASD. A final important point is that self and social
information could simply be more difficult or Bcomplex^ to
encode and retrieve, requiring higher level representations rel-
ative to semantic and perceptual information, for example.
This possibility is rarely considered or controlled for.
Therefore, it is unknown whether a reduced ability to engage
in self-projection and process self-related and social informa-
tion, mediated by medial prefrontal dysfunction, can explain
recollection differences in ASD or whether difficulties with
memory organization and elaborative processing more gener-
ally might alternatively explain the aforementioned findings.

Complex information processing

An alternative attempt to characterize memory functioning in
ASD has focused on impairments in Bcomplex information
processing^ (Minshew & Goldstein, 2001), highlighting that
memory performance in ASD can be just as high as in
neurotypical individuals but disproportionately decreases as
the conceptual structure of the material to be learnt and the
retrieval task increase demands on cognitive control
(Minshew & Goldstein, 2001; Williams et al., 2006;
Williams et al., 2017). This pattern is clearly evident in
ASD, with memory generally functioning well when informa-
tion can be implicitly retrieved or recognized based on famil-
iarity but suffering when recollection is required, particularly
in cases of minimal retrieval cues and a more Bcomplex^
organization of material to be remembered, such as autobio-
graphical recall. Minshew and Williams (2007) frame this
account in terms of aberrant frontal neural connectivity, which
they claim places limits on the coordination of neural systems
and the degree to which information can be integrated. Altered
prefrontal cortex connectivity has been argued to contribute to
several characteristics of ASD (Courchesne & Pierce, 2005;
Just et al., 2012), and a number of studies have demonstrated
reduced functional connectivity in ASD between frontal and
parietal regions involved in top-down control (Damarla et al.,
2010; Solomon et al., 2009) and attenuated lateral prefrontal
activity during executive function and perceptual tasks
(Damarla et al., 2010; Koshino et al., 2008; Solomon et al.,
2015). Moreover, a complex information processing account
parallels the general executive function approach (e.g., Hill,
2004), which has been argued by a number of researchers to
provide a good explanation of attenuated episodic recollection
observed in this population (e.g., Hala et al., 2005; Solomon et
al., 2016).

Specifically, some behavioral studies have identified a
stronger relationship between executive function and recollec-
tion in individuals with ASD compared to typical controls
(Goddard et al., 2014; Maister et al., 2013), perhaps suggest-
ing a greater interdependence between these cognitive

processes in ASD, though Semino et al. (2017) recently ob-
served that basic executive function measures could not ac-
count for source memory performance in adults with ASD.
Conversely, Solomon et al. (2016) observed that cognitive
control demands, rather than relational processing demands,
appear to have the greatest influence on memory performance
in adolescents with ASD. Relatedly, there is also evidence that
recollection in ASD may not benefit from deliberate, strategic
encoding (Meyer et al., 2014), and the benefit of task support,
such as the way that retrieval cues improve recall and source
memory in ASD (Bowler et al., 2004; Maras et al., 2013),
could further highlight the influence of cognitive control de-
mands on memory performance. In particular, Williams et al.
(2017) observed that adults with ASD had difficulty using
organizational strategies to facilitate episodic recollection.
However, some evidence suggests that recollection in ASD
cannot be fully explained by reduced ability to engage strate-
gic encoding processes, as individuals with ASD have been
found to exhibit typical enhancements of intentional over in-
cidental encoding on subsequent recollection in the presence
of an overall reduction in recollection frequency (Cooper et
al., 2017a; Souchay et al., 2013).

The limited number of fMRI studies investigating long-term
memory in ASD thus far have hinted at atypical lateral frontal
function during memory encoding, perhaps reflecting altered
organization of material to be learnt (Gaigg et al., 2015;
Greimel et al., 2012), and during memory retrieval (Cooper
et al., 2017b), possibly reflecting a difficulty engaging top-
down strategic retrieval processes. Additionally, two EEG
studies have observed attenuated frontal ERPs across all time
points during memory retrieval in ASD with old/new effects
being more posteriorly located than in typical individuals
(Massand & Bowler, 2012; Massand et al., 2013), which
may reflect dysfunctional strategic retrieval processes. Hence,
it is possible that atypical frontal functioning and frontal-
posterior integration mediating top-down Bcomplex informa-
tion processing^may contribute to altered recollection in ASD.

However, this account remains too underspecified, both in
terms of theoretical explanation and the diversity of experi-
ments used to support it (cf. Bowler et al., 2011). First, a
general complex information processing theory does not pro-
vide sufficient explanation of exactly which strategic or orga-
nizational memory processes people with ASD find most
challenging, and whether differences are most apparent during
memory encoding and/or memory retrieval. Secondly, it is
important to highlight that previous studies have varied wide-
ly in the types of tasks and instructions used to promote stra-
tegic or organizational memory processes and measure exec-
utive function or cognitive control, and have often not defined
exactly what Bstrategic^ mechanisms might be most compro-
mised in ASD. Such inconsistencies are likely to contribute to
the mixed findings to date. It is thus vital for future research to
test specific encoding and retrieval processes to pinpoint the
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basis of attenuated episodic recollection in Bcomplex^ tasks in
ASD. A further tentative argument against this broad account
that has been put forward is that memory difficulties in ASD
do not mimic those of frontal lobe patients (Bowler et al.,
2010), although of course this by no means rules out the pos-
sibility that some frontal-related processes influence the nature
of long-term memory in ASD. It does, however, raise the
likely possibility that dysfunction of other neurocognitive sys-
tems needs to be taken into account.

Relational binding

A reduction in hippocampal relational binding was proposed
as a potential clarification of the complex information process-
ing hypothesis. According to this view, memory impairments
in ASD arise from a reduced tendency to utilize relations
between items to Bbind^ features of an event together in mem-
ory, leading to a reduction in memory for the specific
Brelational^ contextual information that forms the basis of
ep i sod ic memory, bu t typ ica l o r even super io r
(compensatory) item-specific memory processes (Gaigg et
al., 2008; Bowler et al., 2011; Bowler et al., 2014). One form
of evidence that has often been used to support the relational
binding account comes from conceptual organization of
words during recall, which some evidence suggests is related
to hippocampal activity during encoding in neurotypical
adults (Addis &McAndrews, 2006). Specifically, people with
ASD can demonstrate just as good an ability to recall lists of
unrelated items but show reduced recall of conceptually relat-
ed stimuli compared to neurotypical controls (Bowler et al.,
1997; Bowler et al., 2008; Gaigg et al., 2008; Maister et al.,
2013). There is also evidence for deficits in organization of
episodic memory recall around self-related and semantic con-
texts in ASD (Crane et al., 2009; Loth et al., 2011). This
research could suggest that recollection differences in ASD
may be associated with poor memory organization (Bowler
et al., 2008) and thus may be more readily apparent when a
relational framework is required or beneficial for successful
memory performance.

Problematically, however, difficulty recalling conceptually
organized material has not always been demonstrated in ASD
(Beversdorf et al., 1998; Bowler et al., 2009; Mottron et al.,
2001; Whitehouse et al., 2007), and some studies have inter-
estingly found that reductions in memory retrieval are not
moderated by conceptual organization of material to be learnt
(Bowler et al., 2009; Carmo et al., 2016; Gaigg et al., 2015;
Smith et al., 2007).Moreover, any difficulty observed in recall
of related information also appears to be reduced in tasks that
place fewer demands on recollection processes: individuals
with ASD can show a recognition advantage for conceptually
related words, as do typical controls (Bowler et al., 2008;
Toichi et al., 2002), and can show typically enhanced cued
recall following semantic than perceptual encoding of words

(Gardiner et al., 2003; though see Toichi & Kamio, 2002).
Additionally, individuals with ASDmay be just as susceptible
to conceptual false memories, in terms of falsely remembering
a word based on its semantic similarity to studied words
(Bowler et al., 2000; Gardiner et al., 2003; Kamio & Toichi,
2007; though see Beversdorf et al., 2000), and can also show
schema-consistent misinformation effects during event recall
(Bruck et al., 2007; Maras & Bowler, 2011). Therefore, it has
been argued that people with ASD are perhaps aware of, and
encode, the relational structure of information to be learnt,
reflecting an Bintact^ semantic encoding system (Carmo et
al., 2016), but can have difficulty using such an organizational
structure to freely reconstruct a past event.

Howewer, the true basis of these relational processing ef-
fects cannot be readily determined given that semantic
encoding and organization has been more commonly associ-
ated with lateral prefrontal activity and not hippocampal bind-
ing processes in the neurotypical population (e.g., Demb et al.,
1995; Otten et al., 2001; Simons & Spiers, 2003). This point
serves to highlight that relational processing, involving the use
of semantic organizational strategies (Hunt & Seta, 1984), has
often been conflated with the idea of hippocampal relational
binding, which is the ability to bind constituent aspects of an
experience together into a flexible, unique representation
(Konkel & Cohen, 2009), in the ASD literature to date.
Interestingly, a behavioral study that aimed to directly test
the relational binding hypothesis assessed memory for arbi-
trary item-context conjunctions, and for the item or context
elements alone, and observed that the ASD group exhibited
typical levels of recognition of single item or context elements
but reduced recognition of item-context conjunctions (Bowler
et al., 2014). However, tasks such as this can be confounded
by other differences between relational and item memory task
conditions, such as difficulty and demands on recollection and
familiarity (e.g., Bowler et al., 2014), recall versus recognition
test procedures (e.g., Bowler et al., 2004; Massand et al.,
2013), and the specificity of memory details or the amount
of information that needs to be encoded and retrieved (e.g.,
Bowler et al., 2014; Maister et al., 2013).

Furthermore, recent studies testing the relational binding
hypothesis using more comparable item and relational mem-
ory tests have not provided definitive support for a dispropor-
tionate binding difficulty in ASD. One study (Cooper et al.,
2015) adapted a task that equates the difficulty and specificity
of item and relational memory (Hannula et al., 2010) to in-
clude remember/know judgements and observed an equal re-
duction in recollective retrieval of both item-specific features
and relational spatial information, but not in familiarity-based
memory. A disproportionate impairment in relational memory
would be expected following a hippocampal binding deficit
(cf. Cowell et al., 2010) and is observed on this task in patients
with hippocampal lesions (Hannula et al., 2015). Relatedly,
Ring et al. (2016) used a task developed by Konkel et al.
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(2008) that also revealed disproportionate relational binding
impairments in hippocampal lesion patients, and similarly ob-
served comparable item and relational memory impairments
in adults with ASD (also see Solomon et al., 2016). However,
it is important to stress that neither of the aforementioned
studies manipulated or controlled for encoding strategies,
and it is thus possible that participants with ASD did not
spontaneously engage in elaborative, relational encoding of
both item-specific and relational stimuli compared to control
participants.

Neuroimaging studies of memory in ASD have also pro-
vided limited evidence to date of specific hippocampal dys-
function. Interestingly, a recent study that investigated the link
betweenmemory and hippocampal structure in ASD found no
evidence of differences in hippocampal volume between indi-
viduals with ASD and neurotypical controls and no correla-
tion between hippocampal volume and memory function
(Trontel et al., 2015). Moreover, fMRI studies to date have
observed minimal evidence for differences in hippocampal
activity during memory encoding in ASD (Cooper et al.,
2017b; Gaigg et al., 2015; Solomon et al., 2015), thus
questioning the link between altered hippocampal relational
encoding mechanisms and subsequent recollection in this
population. However, Bowler et al. (2011) have emphasized
that any relational binding difficulties might not emerge di-
rectly from hippocampal dysfunction per se, but rather altered
connectivity between the hippocampus and cortical regions.

Of course, if relational binding difficulties could underlie
recollection impairments in ASD, then reduced binding
should also be apparent on tasks that are not restricted to
recollective memory retrieval. Beyond memory, other abilities
have also been linked with hippocampal relational binding
processes including episodic future thinking, fictitious scene
construction, and spatial navigation (Eichenbaum et al., 2016;
Mullally & Maguire, 2014) and, in potential support of the
relational binding perspective, all appear to be impaired in
individuals with ASD (Lind & Bowler, 2010; Lind et al.,
2014; Lind et al., 2013). Moreover, a recent study by Ring
et al. (2017b) observed that individuals with ASD exhibited
reduced performance only in structural learning of spatial in-
formation but not other types of visual discrimination, possi-
bly tapping into hippocampal function (cf. Aggleton et al.,
2007), which could not be accounted for by measures of ex-
ecutive ability. Of note though, without congruent neural ev-
idence, the basis of this difference in task performance cannot
be assumed (the reasons for which are discussed at the end of
this section). Interestingly, however, any relational memory
impairments may not extend beyond explicit memory in
ASD; even when individuals with ASD exhibit impaired ex-
plicit relational memory – identifying the location previously
associated with an object – the same participants were just as
good as controls at implicit relational memory (Ring et al.,
2015), thus indicating a separable difficulty engaging in

explicit recollection and perhaps not in basic relational bind-
ing. Therefore, while altered relational processing mecha-
nisms potentially contribute to differences in recollective ex-
perience in ASD, relational binding deficits may not be able to
account for the reduced ability to reconstruct and re-
experience past events as observed in this population.

Subjective experience of recollection

It has been suggested that the hippocampus plays a role in
binding but not in the experience of explicit recollection dur-
ing retrieval, which is linked to posterior parietal cortex
(Moscovitch et al., 2016). Some researchers have focused on
long-term memory in ASD as reflecting differences in the
subjective, conscious experience of recollection specifically
(Bigham et al., 2010; Boucher et al., 2008). In particular, these
authors have suggested that posterior parietal dysfunction
might provide a good explanation of recollection impairments
in ASD (Boucher & Mayes, 2012), largely based on compar-
isons to memory performance exhibited by parietal lobe pa-
tients. For instance, evidence clearly suggests that individuals
with ASD can exhibit pronounced reductions in subjective
recollection measures, in particular, such as specific autobio-
graphical recall (e.g., Crane et al., 2012; Lind & Bowler,
2010), remember judgements (e.g., Bowler et al., 2007;
Cooper et al., 2015; Meyer et al., 2014), memory confidence
(Grainger et al., 2014b), and self-perceived episodic memory
salience and quality (Lind & Bowler, 2010; Lind et al., 2014),
as is typically seen following parietal lobe lesions (e.g.,
Davidson et al., 2008; Drowos et al., 2010; Simons et al.,
2010; Yazar et al., 2014).

Moreover, there is evidence that individuals with ASD
show impaired metamemory – subjective judgements of mne-
monic accuracy – during both recognition memory tasks
(Grainger et al., 2014b; Wilkinson et al., 2010; Wojcik et al.,
2013) and source memory tasks (Cooper et al., 2016), as has
recently been observed in patients with parietal lesions
(Ciaramelli et al., 2017). Such differences in metamemory,
and the effect on recollective experience, would be difficult
for any account predominantly focusing on encoding process-
es, to explain: for example, a relational binding account would
propose that the active process of encoding and subsequently
retrieving relationships between elements of an experience
should be impaired, but there would be no reason to predict
that individuals with ASD should not be able to accurately
evaluate the quality of that memory. A metamemory deficit
rather emphasizes that individuals with ASD instead, or fur-
ther, have difficulty reflecting upon a retrieved memory rep-
resentation, potentially revealing distinct impairments in re-
trieval mechanisms that contribute to altered recollective ex-
perience in this population. However, it is important to note
that prefrontal dysfunction, encompassing both self-projection
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and complex information processing difficulties, could also
contribute to suppressed metamemory ability in ASD.

Studies have not consistently observed a difference in
metamemory Bjudgements of learning^ in ASD (Grainger et
al., 2016; Wojcik et al., 2014), thus questioning the full extent
of reduced subjective awareness and its relation to recollection
in this population. Although it is possible that parietal dys-
function plays some role in recollective experience in ASD,
a clear area of divergence between parietal patients and people
with ASD is that the former tend not to show any changes in
objective source memory (e.g., Simons et al., 2010). A recent
fMRI study of recollection in ASD also found no evidence of
possible parietal dysfunction on both behavioral and neural
levels (Cooper et al., 2017b). However, even though parietal
dysfunction alone may be unlikely to fully explain recollec-
tion in ASD, the possible contribution of parietal processes to
recollection dysfunction remains unclear and largely untested
and more research is needed to investigate this possible con-
nection (Boucher & Mayes, 2012).

Summary

Each of the accounts discussed here may explain certain as-
pects of memory functioning in ASD, but none alone is likely
to explain the full extent of differences in episodic recollection
in this population. More importantly, however, the majority of
existing studies of recollection in ASD are small and under-
powered, and have often not taken a systematic approach of
targeting specific encoding and retrieval mechanisms that
might drive recollection dysfunction. Thus, experimental find-
ings can often be explained by multiple theoretical perspec-
tives, which does not allow claims to be made about an un-
derlying mechanism. Furthermore, each of the proposals
discussed thus far has leaned towards a particular brain region
or single neurocognitive mechanism as an explanation of
memory dysfunction in ASD, even though most theoretical
accounts have also acknowledged that episodic recollection
in ASD will likely be best explained by adopting an integra-
tive approach, considering functional interactions between
different brain regions and cognitive processes. This is partic-
ularly likely in the case of recollection (and any complex
cognitive process) given the broad network of regions in-
volved in coordinating both encoding and retrieval (cf. Rugg
& Vilberg, 2013).

Going beyond recollection, the general neuroscientific ap-
proach to ASD in recent years has placed much more empha-
sis on integration and widespread differences in functional
connectivity than region-specific dysfunction (Just et al.,
2012), most notably in tasks relying on higher level cognitive
processes (Kana et al., 2011). Specifically, long-range
underconnectivity is found particularly during cognitively de-
manding tasks in ASD, with differences also apparent in task-
specific modulations of whole-brain network connectivity

(Barttfeld et al., 2012; Uddin et al., 2015). Additionally,
ASD is a neurodevelopmental disorder, meaning that the brain
has developed differently than in typical individuals, includ-
ing some neural properties that may be dysfunctional and
others that could be compensatory. Therefore, it is by no
means straightforward to attribute differences in behavioral
tasks between ASD and neurotypical individuals to specific
neural mechanisms, because it cannot be assumed that the
underlying cognitive and neural processes being utilized are
necessarily the same for a given memory task (Mottron et al.,
2008). For instance, in an EEG study, Massand et al. (2013)
observed no reduction in word recognition memory in ASD,
consistent with good familiarity-based retrieval, but reported
differences between ASD and typical controls in the magni-
tude and location of the typical familiarity-related early frontal
ERP effect. To begin to address some of these limitations, we
consider two recent studies that, using eye-tracking and fMRI,
shed further light on the encoding and/or retrieval basis and
nature of episodic recollection dysfunction in ASD and pro-
vide evidence for a separable difficulty engaging in
recollective retrieval that might be best characterized by atyp-
ical hippocampal connectivity rather than region-specific
dysfunction.

Recollective retrieval and neural connectivity
in ASD

Both encoding and retrieval processes are important for suc-
cessful recollection, with impairments potentially emerging
from dysfunction at either stage, or indeed both. It is impos-
sible to determine the neurocognitive basis of recollection in
ASD without also attempting to distinguish these two stages
of long-term memory. However, establishing whether an item
has been encoded can often only be achieved by testing mem-
ory for that item later on, meaning that encoding and retrieval
processes are difficult to tease apart.

Eye movements can provide valuable information that
makes them a particularly useful tool to investigate and distin-
guish encoding and retrieval processes. In one recent study,
adults with ASD and neurotypical control participants studied
a series of scene photographs and were subsequently asked to
distinguish studied target scenes from similar lure scenes and
provide remember/know judgements (Cooper et al., 2017a).
The distribution and number of fixations during encoding pre-
dicted subsequent recollection in the control group, supporting
evidence that fixations reflect the accumulation of evidence
and formation of a more detailed representation (Pertzov et
al., 2009; Molitor et al., 2014; Kafkas & Montaldi, 2011; Liu
et al., 2017). Interestingly, the pattern and number of encoding
fixations did not differentiate the ASD and control participants,
and an increase in encoding fixations was accompanied by a
comparable enhancement of recollection performance
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following elaborative encoding instructions in the ASD and
control groups, indicating similar encoding mechanisms and
function of eye movements during encoding. In contrast to the
neurotypical adults, however, eye movements during encoding
did not predict trial-by-trial subsequent recollection in the ASD
group, which was significantly impaired (as also recently
observed by Ring et al., 2017a). These findings represent a
direct dissociation between observed encoding processes and
recollection success in adults with ASD, in which recollection
failures were present even for items that were apparently
Bsuccessfully^ encoded (see Fig. 1).

The ASD group were also less likely to reinstate the pattern
of encoding eye-movements during recollection than the con-
trol group (Cooper et al., 2017a), suggesting a difficulty
reconstructing encoded visuo-spatial memory representations
(cf. Laeng et al., 2014; Olsen et al., 2014) during retrieval even
when successful recollection is reported. These differences
emerged despite the finding that the eye movements of indi-
viduals with ASD during memory errors indicated correct
implicit memory (also see Hedley et al., 2012; Ring et al.,
2015), as also observed in neurotypical controls, possibly in-
dicating that the memory representations themselves were
present, in some form, but could not be explicitly recollected
as successfully in people with ASD.

It is of course possible, though, that there were differences
in the neural mechanisms operating at encoding between the
ASD and neurotypical groups that were not captured via eye
movements by Cooper et al. (2017a). Additionally, with re-
gard to the nature of any deficit in recollective retrieval,
previous studies have been unable to determine exactly
how memories are retrieved differently in ASD. For exam-
ple, it is possible that mnemonic information cannot be re-
trieved with the same level of specificity and precision,
which could lead to impaired source memory if the informa-
tion retrieved is not of sufficient quality to be diagnostic, and
might also account for subjective recollection reductions in
judgements of salience and confidence (e.g., Grainger et al.,
2014b; Lind et al., 2014) in ASD. In contrast, it is possible
that recollection is affected quantitatively, meaning that indi-
viduals with ASD would exhibit more failures of recollection
and a difficulty reconstructing the same amount of informa-
tion from memory. In neurotypical adults, the success of
recollection and the precision with which information is re-
collected have recently been associated with separable roles
for the hippocampus and posterior parietal cortex, respective-
ly (Richter, Cooper, et al., 2016), providing evidence of a
dissociation in recollective-retrieval properties on the
neurocognitive level.

Fig. 1 Figure adapted from Cooper et al. (2017a). (a) Fixations made to
two scenes studied during the memory encoding phase, illustrating the
similarity in fixation patterns between the control and ASD groups. (b)
While the number of encoding fixations did not differ between the
groups, encoding fixations only predicted subsequent memory success

(Hits and Correct Rejections) relative to false recognition (FAs) in the
control group, and not in the ASD group. (c) Even when participants
reported that they recollected a scene during retrieval, individuals with
ASD did not reinstate encoding eye movements to the same degree as
control participants did, which is illustrated in part (d)
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In the first fMRI study to assess recollection-based retrieval
in ASD (Cooper et al., 2017b), adults with ASDwere asked to
re-create the appearance of objects presented on a scene back-
ground, facilitating separate estimates of retrieval success and
retrieval precision (e.g., Bays et al., 2009; Brady et al., 2013;
Harlow & Yonelinas, 2016). Participants with ASD exhibited
a reduction in instances of recollection success but there was
no evidence for an additional reduction in the precision of
successfully retrieved memories. Neurally, comparable pat-
terns of activity and functional connectivity were observed
during memory encoding between the groups, but lateral pre-
frontal activity during encoding predicted subsequent memory
only in the control group and not in the ASD group, mirroring
the findings of Cooper et al.’s (2017a) previous eye-tracking
study. Despite some evidence for attenuated lateral prefrontal
activity during memory retrieval in the ASD participants, both
groups showed comparable patterns of hippocampal, medial
prefrontal, and posterior parietal activity during recollection.
However, the ASD group exhibited substantially attenuated
hippocampal functional connectivity duringmemory retrieval,
particularly with regions of the fronto-parietal control net-
work, but also with regions including middle temporal gyrus,
middle cingulate gyrus, and caudate (see Fig. 2). These find-
ings therefore reveal a novel dissociation between typical
memory-related regional activity and reduced functional con-
nectivity in ASD during memory retrieval, alongside no sig-
nificant differences in brain function during memory
encoding.

Based on findings regarding hippocampal activity and hip-
pocampal connectivity during recollection within the
neurotypical literature, as considered earlier, we suggest that
memory representations may be processed and activated by
the hippocampus in a similar manner in people with ASD and
neurotypical individuals, but are not consciously reconstruct-
ed effectively during memory retrieval in ASD, primarily as a
result of disrupted hippocampal connectivity (cf. Cabeza &
Moscovitch, 2013; Simons & Spiers, 2003). Therefore, task-
specific reductions in functional connectivity, rather than
region-specific dysfunction, within the memory retrieval net-
work in ASD may result in a difficulty explicitly
reconstructing and recollecting past experiences, even in in-
stances where elements of memory representations them-
selves are Bintact.^ This seems a likely possibility given the
role of hippocampal-prefrontal connectivity in explicit recol-
lection (Bowman & Dennis, 2016; Hannula & Ranganath,
2009) over and above hippocampal relational processes, and
the importance of whole-brain hippocampal connectivity in
facilitating episodic recollection (Geib et al., 2015;
Schedlbauer et al., 2014). A fundamental difficulty in integrat-
ing memory representations with higher-order retrieval pro-
cesses, resulting in attenuated explicit recollection of events,
fits well with the already established idea that cognitive pro-
cessing and memory in ASD is Bheavily influenced by the

here-and-now^ (Bowler et al. 2011, p. 329), which could im-
ply that individuals with ASD have difficulty reconstructing a
memory or internal representation distinct from their immedi-
ate external environment. This characterization of episodic
recollection in ASD is by no means entirely distinct from the
ideas proposed in previous theoretical accounts. Rather, we
believe that recent evidence points to a separable impairment
in the process of recollective retrieval and we highlight the
interactive neural network mechanisms which might contrib-
ute to such differences in memory in ASD.

These recent observations concerning the neurocognitive
basis of recollection in ASD highlight how studying memory
in this population has the potential to provide a fresh perspec-
tive on neurotypical memory. Traditional neuropsychology
research has focused on determining how memory might be
affected by dysfunction of individual brain regions such as the
hippocampus or posterior parietal cortex, now considered to
be nodes of large-scale functional brain networks involved in
recollection. Studying such patients provides a wealth of in-
formation about the contribution of individual regions, but
little insight into the interactions between them that appear
to play such an important role. As a population that may be
characterized more by prominent differences in inter-region
connectivity than region-specific dysfunction within the mem-
ory retrieval network, ASD provides the opportunity to estab-
lish the cognitive functions associated with region-to-region
or network interactions, complementing insights about indi-
vidual regions gained from studying patients with selective
hippocampal or parietal lesions, for example. Investigating
ASD as a disorder of functional dysconnectivity, alongside
traditional region-based neuropsychology, can provide unique
information to researchers interested in neurotypical memory,
especially given the recent rise in research studying how
whole-brain network dynamics underpin episodic memory
retrieval (e.g., Geib et al., 2015; King et al., 2015; Ritchey et
al., 2015; Schedlbauer et al., 2014). However, much further
neuroimaging work is needed to specify the neural basis of
altered recollection in ASD before this new approach can be
fully integrated with our understanding of episodic recollec-
tion more generally. In particular, a number of questions arise
from the literature reviewed here concerning recollection dys-
function in ASD that will be important for future research to
explore in order to further specify an integrative framework of
the cognitive and neural processes involved in recollection
experience in this population. We present some ideas below,
which we hope might help to stimulate future investigations in
this area.

Future directions

To further investigate the influence of functional dysconnectivity
on recollective experience in ASD, it is important to consider
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and investigate differences in connectivity strength in
light of shifts in demands on recollection. Research
within the neurotypical population suggests that dynam-
ic changes in functional connectivity provide the task-
specific brain state necessary to facilitate episodic mem-
ory retrieval. The notion of Bprocess-specific alliances^
was formalized by the component process model
(Mo s c o v i t c h , 1 99 2 ; C ab e z a & Mos co v i t c h ,
2013; Moscovitch et al., 2016) and describes how sub-
se ts of bra in regions form trans ient a l l iances
(connections) to facilitate task-specific cognitive pro-
cesses that contribute to episodic memory retrieval.
Thus, it is necessary to examine how connectivity alters
(over and above neural activity) in response to changes
in memory retrieval demands in ASD, from recognition
to cued recall and free recall of complex events, for
example. Given the poor temporal resolution of fMRI,
however, it is difficult to conclude at which stage of the
recollective process that reduced connectivity is most

pronounced and whether pre-retrieval or post-retrieval
processes may be more responsible for differences in
recollection. Investigating the neural processes of epi-
sodic memory retrieval in ASD via EEG in addition to
fMRI may provide additional insight to address this im-
portant question. Only two such studies have been con-
ducted in ASD, reporting evidence for attenuated frontal
old-new effects during both early and late stages of
recognition memory trials (Massand et al., 2013) and
time non-specific old-new effects in ASD compared to
controls (Massand & Bowler, 2012). Such multi-modal
neuroimaging research (cf. Bergstrom et al., 2013) is
l i k e l y t o p r ov i d e v a l u ab l e i n s i g h t i n t o t h e
neurocognitive process-specific alliances that give rise
to altered episodic recollection in people with ASD.

An important point to emphasize is that encoding and re-
trieval are highly interactive processes, meaning that any sep-
arable recollection difficulty is likely to affect encoding of
new information. This distinction forms an important contrast

Fig. 2 Figure adapted from Cooper et al. (2017b). (a) Participants with
ASD and neurotypical controls exhibited similar hippocampal activity
during successful recollection. (b and c) In contrast, widespread reduc-
tions in hippocampal functional connectivity (node in red) were observed
in the ASD group relative to the control group during memory retrieval,

particularly with regions of the fronto-parietal control network (nodes in
yellow), but differences in connectivity strength were not observed during
memory encoding. Effects are displayed at a threshold of p < .01 for
visualization. Scales reflect t values
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between learning novel, experimental stimuli versus encoding
situations in everyday life that are likely to be highly overlap-
ping with previous episodic memories. Reinstatement of re-
lated past experiences forms a substantial part of how we
interpret, organize, and consolidate new information (Mack
& Preston, 2016), with this ability guided by medial
prefrontal-hippocampal interactions (Schlichting & Preston,
2015). Therefore, if memory reinstatement occurs less fre-
quently or automatically in people with ASD, then past mem-
ories may be less likely to influence how new memories are
formed, consolidated, and integratedwith existing knowledge.
Although not directly researched, some evidence for this ef-
fect in ASD comes from studies of transitive inference, in
which adults with ASD have been observed to show intact
associative learning but a reduced ability to generalize these
memories to novel associations compared to a control group
(Solomon et al., 2011). Furthermore, people with ASD appear
to be less able to generalize learning from one context to
another and are less likely to use past experiences to influence
how novel stimuli are categorized (Froehlich et al., 2012).
Therefore, a key question concerns how episodic memories
are integrated and change over time in ASD, rather than just
how single episodic memories are formed and retrieved. The
application of multivoxel pattern analysis (MVPA) to fMRI
data allows researchers to gain a degree of insight into the
representations of individual memories (Rissman & Wagner,
2012) and could, therefore, provide valuable information
about recollection in ASD. In particular, MVPA could provide
further evidence concerning the specificity of encoded repre-
sentations, as well as whether encoding is less affected by
reinstatement of previous experiences in people with ASD,
and whether memories are reinstated automatically during
memory retrieval but cannot be explicitly retrieved, or wheth-
er a reduction in recollection is reflected in impaired ability to
neurally reinstate previous experiences.

An additional modulatory effect on recollection that needs
to be more thoroughly investigated and incorporated into a
neurocognitive account of recollection in ASD is emotion.
The research discussed here has focused on recollection of
non-emotional information in ASD, but emotion, particularly
negative emotion, is known to have a distinct effect on
recollection-based memory retrieval in the neurotypical pop-
ulation by increasing memory for item details but often
diminishing memory for contextual information (Kensinger,
2009). Interestingly, although the evidence is somewhat
mixed, there are observations that memory in ASD may be
less moderated by emotion compared to typical individuals
(Deurelle et al., 2008; Gaigg & Bowler, 2009). For example,
Gaigg and Bowler (2008) observed the typical increase in
immediate recall of emotional and semantic words in ASD
as seen in controls but, in the ASD group, emotional words
were not as resistant to forgetting as in typical individuals.
Thus, it is possible that an atypical influence of emotion on

recollection in ASD may result from altered consolidation of
item-emotion bindings mediated by the amygdala (Yonelinas
& Ritchey, 2015). However, two studies have also identified
typical emotional benefits on memory in ASD (cf. Maras et
al., 2012; South et al., 2008), with Maras et al. showing this
effect for naturalistic events. It remains unclear, therefore, if
and how factors that modulate memory consolidation in
neurotypical individuals operate atypically in ASD. Further
research should be conducted in this area before emotion
can be integrated with the pattern of episodic recollection for
neutral information observed in this population.

Another important line of research in order to address the
basis of altered recollection is to establish the relationship be-
tween memory functioning and other core characteristics of
ASD, such as differences in social functioning and flexibility
of behavior. Such relationships are yet to be thoroughly
investigated but will prove to be an important avenue of
future research if episodic memory is to be embedded within
a broader neurocognitive theory of ASD. As such, it is
important for research to explain the trajectory of episodic
memory development in ASD and how the neurocognitive
mechanisms we observe to function atypically in adults
emerge through childhood and adolescence. For instance,
Perner et al. (2007) have argued that development of episodic
memory is closely linked to development of theory of mind, but
it is unclear how dependent these processes are on one another
in ASD. Interestingly, Bachevalier and Loveland (2006) have
argued that the development of frontal-medial temporal net-
works in ASD underpins the heterogeneity of socio-emotional
processes and memory that is observed, which fits well with the
proposal here that differences in episodic recollection are likely
underpinned by altered communication between medial tempo-
ral and fronto-parietal regions.

Relatedly, the current discussion has focused on research in
individuals without concurrent language or learning difficul-
ties because the vast majority of memory studies, particularly
those targeting recollection, in ASD have involved such par-
ticipants. Boucher et al. (2012), in their comprehensive review
of memory functioning across the autism spectrum, aimed to
provide insight into possible differences in mnemonic pro-
cesses as a function of co-occurring language and intellectual
impairments, where difficulties with familiarity-based recog-
nition memory may map on to differences in language ability
across the spectrum, for example. However, despite efforts to
develop equivalent memory paradigms to account for hetero-
geneity in the ASD population (cf. Bigham et al., 2010), it is
very difficult to control for impairments in other cognitive
domains involved in memory tasks. This is particularly the
case for experiments targeting complex episodic memories,
which rely heavily on introspection, language, and executive
function. It is thus largely unknown how the subjective
experience of recollection differs across the autism spectrum.
In order to address this gap in the literature, future research
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should aim to develop tasks that involve participants encoding
and subsequently reconstructing (cf. Cooper et al., 2017b) or
identifying specific details of naturalistic past events in their
own time, with different levels of retrieval cue. Such tasks
may be able to reveal systematic changes in the content and
quality of recollective experience while minimizing the influ-
ence of any language or cognitive control difficulties.

In summary, we suggest that current theoretical ac-
counts of episodic memory in ASD may not fully capture
the nature of recollection difficulties in this population.
Moreover, the current literature on recollection in ASD
has often been inconsistent, with little continuity of
methods, clear definitions of terminology, or systematic
ways of testing theoretical approaches and distinguishing
between distinct encoding and retrieval processes. We ar-
gue that recent research suggests that people with ASD
exhibit a distinct impairment in the explicit process of
recollective retrieval, which is likely to be best understood
in terms of altered functional connectivity between core
regions of the memory retrieval network, particularly with
hubs such as the hippocampus. Therefore, an integrative
approach, focusing on interactions between cognitive pro-
cesses and neural networks, will provide a useful frame-
work for studying episodic recollection in the disorder.
This neurocognitive profile means that ASD may provide
valuable insights into the recollection processes supported
by specific functional interactions in the neurotypical
brain. We have also proposed several lines of investigation
for future ASD research to explore. Firstly, it is important
for research to specify the effects of aberrant retrieval-
related connectivity on recollection in ASD and to inves-
tigate how episodic memories are represented and change
over time on the neural level. Secondly, recollection dif-
ferences should be compared and related to the develop-
ment of other cognitive and neural functions in ASD, with
particular consideration of differences between individuals
with and without additional language and intellectual im-
pairments. Such research will help us to further specify
and understand the unique neurocognitive basis of episodic
recollection in people with ASD.
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