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Abstract

Autobiographical remembering is a subjective experience, and whether retrieval is perceived to occur through involuntary
or voluntary, direct or generative cognitive processes is also based on subjective intuition. The present study examined fac-
tors that may contribute to the subjective judgment that occurs when we perceive memories as being retrieved directly (i.e.,
a memory comes to mind directly and immediately) or through generative processes (i.e., recalling a memory with effort or
by using additional information). We examined the hypothesis that internal awareness (interoceptive sensibility and mind-
fulness traits) contributes to the physical reaction and emotional impact of memories at retrieval, which then influence the
subjective judgment that memories are retrieved directly. In two online experiments, participants were asked to recall specific
memories following verbal cues and to judge the retrieval process (i.e., direct or generative). We demonstrated that emotional
awareness, an interoceptive sensibility scale factor, consistently predicted a high probability of direct retrieval judgments
independent of other predictors of direct retrieval, such as retrieval latency and cue concreteness. This effect was especially
common for concrete cues. In Experiment 2 we demonstrated that emotional awareness predicted direct retrieval judgments
through the mediation of retrieval impact (physical reaction and emotional impact). These results indicate the involvement
of interoceptive processing in the direct retrieval of autobiographical memories. We discuss the role of interoception in
memory retrieval and present interoceptive prediction error as a novel and potentially integrative account of our findings.

Keywords Autobiographical memory - Retrieval process - Involuntary memory - Interoception - Mindfulness

Introduction

Autobiographical memory refers to the collection of past
events that we have experienced in our lives. Previous
research has focused on how we retrieve our autobiographi-
cal past (Berntsen, 1996, 2010; Conway, 2005; Conway &
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Pleydell-Pearce, 2000) and memory retrieval has generally
been discussed as taking one of three forms: (voluntary)
generative, (voluntary) direct, or involuntary retrieval (Bar-
zykowski & Staugaard, 2016). These forms of retrieval can
be differentiated on the basis of the presence or absence
of recall intention and on whether the memory came to
mind immediately or not. Voluntary retrieval occurs when
we deliberately try to recall a memory (i.e., following an
explicit memory prompt during an experiment), while
involuntary retrieval occurs when a memory spontaneously
comes to mind without any intention (i.e., in the absence
of an explicit memory prompt). Direct retrieval following
an explicit memory prompt and involuntary retrieval occur
when a memory comes to mind directly and immediately,
while generative retrieval occurs when recalling a memory
with effort or using additional information beyond the origi-
nal cue (Uzer et al., 2012). Several studies have shown that
memory properties, such as vividness and clarity, elicited
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by involuntary retrieval and direct retrieval are similar (Bar-
zykowski & Staugaard, 2016).

Autobiographical remembering is a subjective experi-
ence (Tulving, 2002), and whether retrieval is perceived to
occur through involuntary or voluntary, direct or genera-
tive processes also involves a subjective component. In this
sense, understanding factors that inform our subjective judg-
ment of how memories are retrieved can potentially inform
our understanding of consciousness (Berntsen, 2021), can
address questions about what it means to deliberately recall
our past, and the psychological mechanisms underlying auto-
noetic consciousness (Tulving, 2002). Exploring the mecha-
nisms and individual difference factors that underpin mem-
ory retrieval will allow us to elucidate memory experiences
such as intrusive images and flashbacks that occur through
direct or involuntary retrieval and are commonly associated
with psychological disorder (Brewin et al., 2010). In the
present study, we focus on direct and generative retrieval
processes and experimentally examine the subjective com-
ponent of retrieval judgments.

Distinguishing between direct and generative
retrieval

Direct and generative modes of retrieval have been distin-
guished and examined from three perspectives: (a) latency
(reaction time), (b) cue concreteness/imageability, and (c)
subjective judgment. In studies measuring retrieval latency
(Conway, 2005; Haque & Conway, 2001), short retrieval
latencies have been regarded as indexing direct retrieval,
while long retrieval latencies have been regarded as indexing
generative retrieval. In studies manipulating cue concrete-
ness or imageability (Anderson et al., 2012, 2017; Hauer
et al., 2008; Rasmussen & Berntsen, 2014; Sanson et al.,
2020; Williams et al., 1999; Eade et al., 2006), research-
ers hypothesized that concrete/highly imaginable cues are
more likely to elicit memories through mechanisms of direct
retrieval, and that abstract/less imaginable cues are more
likely to elicit memories through generative retrieval mecha-
nisms. These studies showed that concrete/highly imaginable
cues elicited memories with shorter retrieval latencies than
did abstract/less imaginable cues (Anderson et al., 2012,
2017; Rasmussen & Berntsen, 2014; Williams et al., 1999).
In addition, concrete cues produced more specific memo-
ries, whereas abstract cues produced more general memories
(Anderson et al., 2012, 2017; Hauer et al., 2008; Rasmussen
& Berntsen, 2014; Williams et al., 1999; Eade et al., 2006).

In studies investigating subjective judgments of retrieval
mode, participants were explicitly asked to report on
whether their memories came to mind through direct or
generative processes (Harris & Berntsen, 2019; Janssen
et al., 2021; Matsumoto et al., 2020; Uzer et al., 2012; Uzer,
2016; Uzer & Brown, 2017) or voluntary or involuntary

retrieval processes (Barzykowski et al., 2021; Sanson et al.,
2020). This method revealed that memories that came to
mind following concrete cues and with short retrieval laten-
cies, averaging approximately 5 s or less, were judged as
having been retrieved directly while memories with rela-
tively long retrieval latencies, averaging approximately 10
s (Uzer et al., 2012) were judged as having been retrieved
through generative processes. However, some memories
judged to be retrieved directly were observed following a
long latency and in response to abstract cues. Conversely,
memories judged to be retrieved through generative retrieval
were also observed with short latencies and following con-
crete cues. According to Uzer et al. (2012), Uzer and Brown
(2017), approximately 40-50% of direct retrieval judgments
occur for abstract cues, and approximately 40% of generative
retrieval judgments occur for concrete cues.

These findings highlight an important question then as
to how people formulate these subjective distinctions dur-
ing the retrieval process. Some previous studies showed that
individual differences or states influence subjective retrieval
judgments (Barzykowski et al., 2021; Matsumoto et al.,
2020; Sanson et al., 2020). Sanson et al. (2020) showed that
retrieval fluency during voluntary retrieval led to subjec-
tive feelings of involuntary retrieval rather than voluntary
retrieval, and Barzykowski et al. (2021) showed that less
subjective effort led to judgments of involuntary retrieval.
To further understand the subjective nature of the retrieval
judgment, we need to consider additional factors that may
contribute to the subjective components of retrieval judg-
ments during in the retrieval process.

Interoception and the subjective retrieval process

Theoretical and neuropsychological research suggests that
while generative or voluntary memory retrieval is driven by
top-down processes that involve cognitive control and brain
regions associated with executive function, involuntary or
direct retrieval is understood to be driven more heavily by
bottom-up associative processing where event retrieval is
constrained by contextual factors (Berntsen, 2021; Conway
& Pleydell-Pearce, 2000; Hall et al., 2008). While there is a
difference between direct and involuntary retrieval in terms
of the presence or absence of intention of recall, the overlap
between direct and involuntary modes of retrieval in terms
of the immediacy suggests that our knowledge of involun-
tary retrieval is helpful in understanding the mechanisms
underlying direct retrieval. Distinct features of the cueing
context, overlap between cue context and memory content,
and individual difference factors such as the emotional well-
being or regulatory style of an individual have been found to
be involved in involuntary memory retrieval (see Berntsen,
2021, for a review).
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One consistent difference between involuntary and volun-
tary memory retrieval is that involuntary memories are asso-
ciated with more extreme emotional valence (Barzykowski
et al., 2019; Barzykowski & Staugaard, 2016) and elicit
stronger emotional responses than memories retrieved volun-
tarily (Berntsen & Hall, 2004; Del Palacio-Gonzalez et al.,
2017; Watson et al., 2012). It is well known that emotion is
often brought about by autobiographical recall (Damasio
et al., 2000; Rainville et al., 2006), and changes in the inter-
nal state during this process are associated with subjectively
feeling emotion (Damasio et al., 2000). Due to the strong
relationship between contextual factors at retrieval and fea-
tures of direct and involuntary memories, we hypothesize
here that perceived interoception, defined as the perception
of internal bodily experiences (Garfinkel et al., 2015), may
influence the subjective judgments and emotional impact of
direct and involuntary autobiographical memories.

During direct and involuntary retrieval, information in
the external or internal environment may lead to alterations
in bodily systems, or cue-induced interoceptions, which are
then transmitted through the insular cortex (Craig, 2002,
2009). Memories appropriate to explain the sensory inputs
and associated emotions may be constructed (Craig, 2009;
Critchley & Garfinkel, 2017; Khalsa et al., 2018). For
example, consider individuals who have a traumatic experi-
ence. When patients are presented with the cue “blood,” an
increase in heart rate could be observed as an autonomic
response (Ehlers et al., 2010). This physical reaction would
then be sent to the brain via afferent nerves and interocep-
tion would occur at the neural level (Craig, 2009). Based
on past experiences associated with similar environmental
(the cue blood) and interoceptive cues (increase in heart
rate), a memory that best aligns with the incoming sen-
sory experience is then retrieved, “I saw a man covered in
blood following a car accident,” and simultaneously emo-
tion is constructed by the inference of the incoming sensory
experiences as they relate to the memory content. Memory
recall may occur spontaneously with a bodily sensation
(Umeda et al., 2016) like an automatic process, or it may be
brought about by active inference regarding the causes of
the interoception (Barrett, 2017; Barrett et al., 2016; Paulus
et al., 2019). Umeda et al. (2016) showed that spontaneous
retrieval in prospective memory tasks was brought about by
interoception, and since involuntary memory is a subtype of
spontaneous retrieval (Kvavilashvili et al., 2020), it seems
plausible that involuntary or direct retrieval is also supported
by interoception.

Further support for this hypothesis extends from predic-
tive processing models of interoception (Barrett, 2017; Bar-
rett & Simmons, 2015; Critchley & Garfinkel, 2017; Seth &
Friston, 2016). This line of research suggests that humans
constantly make predictions about incoming sensory signals
and create cognitions and emotions based on the prediction
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error between these predictions and actual sensory input. In
other words, our cognitions and emotions are constructed by
interpreting why the interoceptive experiences have arisen.
Prediction error may explain why emotions evoked in vol-
untary generative retrieval are generally less intense, while
those evoked in involuntary and direct retrieval are generally
strong. When an autobiographical memory is retrieved on
the basis of strong incoming sensory signals (i.e., interocep-
tive prediction error), emotions are simultaneously perceived
on the basis of prediction error referring to the memory con-
tent, and greater retrieval (emotional) impact may be per-
ceived. The likelihood of an involuntary or direct retrieval
judgment may be increased if the judgments of retrieval
process are based on a subjective sense of "sudden recall"
derived from a large prediction error. Thus, in subjectively
perceived involuntary or direct retrieval, the evoked emotion
is also greater (Barzykowski et al., 2019; Barzykowski &
Staugaard, 2016). Conversely, and in line with the definition
of generative retrieval, when retrieval occurs with intention
and involves cognitive effort (Barzykowski et al., 2021),
memories are gradually recovered (Cabeza & St. Jacques,
2007; Schacter & Addis, 2007; St. Jacques & Cabeza, 2012),
and top-down predictions of incoming sensations associated
with recollection may be updated intermittently, which may
result in smaller prediction errors during memory recall (or
memories that are recalled in the absence of available sen-
sations; Barron et al., 2020). Generative retrieval has these
features, and ones possibly judged as generative retrieval
based on this small prediction error.

Individual differences in internal awareness

Given interoception is involved in direct or involuntary
retrieval, we argue that internal awareness can affect also
subjective judgments. Internal awareness here refers to inter-
oceptive awareness or mindful awareness. There are various
ways to measure interoception (Garfinkel et al., 2015); in
this study we will focus on interoceptive sensibility, which
is measured by a self-report scale. Interoceptive sensibil-
ity contributes to greater internal bodily sensation, and as a
result, when a memory that corresponds to current intero-
ceptive experience comes into consciousness, this may lead
to greater emotional impact and an increased likelihood that
memories will be judged as having been retrieved directly.
Conversely, if one’s interoception is insensitive, for exam-
ple when internal bodily sensation is less available or when
retrieval is reliant on top-down processing, this may lead to
low emotional impact and an increased likelihood to judge
memory retrieval as generative. To the best of our knowl-
edge, no empirical studies have examined the relationship
between interoception and direct or involuntary retrieval.
Interoceptive sensibility can be involved in involun-
tary and direct retrieval judgments in two ways. First,
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interoceptive sensibility may enhance these bottom-up
retrieval processes directly, leading to shorter retrieval laten-
cies and high levels of memory specificity. Second, intero-
ceptive sensibility may determine involuntary and direct
retrieval judgments independently of retrieval latency and
memory specificity. In this case, the large retrieval impact
induced by greater interoceptive sensibility may affect the
subjective retrieval process judgments, rendering the expla-
nation from the perspective of interoceptive prediction error
plausible.

Interoception and mindfulness are encompassed as inter-
nal awareness, which can be improved by mindfulness inter-
ventions (Raffone & Srinivasan, 2010), a core component
of which is to cultivate interoception (for a review, see Gib-
son, 2019). In particular, open monitoring practice, which
improves the ability to monitor the contents of experience
without any reactions or judgments, enables practitioners to
be aware of bodily sensations (Lutz et al., 2008; Raffone &
Srinivasan, 2010). However, some evidence suggests that
interoception and mindfulness are measured as separate
but related constructs. The self-administered questionnaire
MAIA (Multidimensional Assessment of Interoceptive
Awareness; Mehling et al., 2012) measures interoceptive
sensibility, and consists of eight factors — one that measures
mindful and adaptive aspects, one that measures mindless
and maladaptive aspects, and one that does not distinguish
between adaptive and maladaptive aspects (Mehling, 2016).
Studies examining changes in interoceptive sensibility as
an outcome of mindfulness interventions have found effects
on some factors of the MAIA, while no change has been
found for other factors (Bornemann et al., 2015; de Jong
et al., 2016; Fissler et al., 2016). Similarly, mindfulness traits
measured by a self-report scale are correlated with some
but not all factors in the MAIA (Mehling et al., 2012; Todd
et al., 2020). Thus, there are areas of overlap and nonover-
lap between interoceptive sensibility and mindfulness, and
the two may show different associations with judgments of
retrieval process.

The present study

The aims of the present study are to examine whether traits
of internal awareness (interoceptive sensibility and mindful
awareness) are associated with subjective judgment of the
retrieval process. Although subjective and objective meas-
ures need to be examined in relation to direct retrieval judg-
ment, as a first step, the present study measures interoceptive
sensibility and mindful awareness on self-report scales. If
internal awareness is associated with direct retrieval indexes
such as faster retrieval latency, this would provide evidence
to suggest that it facilitates bottom-up retrieval directly.
However, if internal awareness leads to more direct retrieval
judgments independently of retrieval latency, this would

provide evidence for alternative mechanisms though which
internal awareness can affect direct retrieval. In Experiments
1 and 2 we investigate the extent to which internal awareness
predicts the subjective component of retrieval judgments and
in Experiment 2 we additionally examine the role of the
emotional and physical retrieval impact of individual memo-
ries on these subjective judgments.

Experiment 1

In Experiment 1, we indexed direct retrieval in three ways
(i.e., retrieval latency, cue concreteness, and subjective judg-
ment) to observe direct retrieval judgment. As mentioned
above, concrete cues produce more direct retrieval judg-
ments with relatively short retrieval latencies, and memories
with short retrieval latencies tend to be judged as having
been retrieved directly. We hypothesized that higher levels
of interoceptive sensibility and mindful awareness would
be associated with more direct retrieval judgments, and that
these associations were found even when controlling for the
effects of retrieval latency and cue concreteness. Based on
the idea that bodily sensation and emotional impact increase
the probability of direct retrieval judgments, we employed
emotionally valenced cues (positive and negative) that are
likely to elicit these feelings.

Materials and methods
Participants

Participants were recruited on Crowd Works (https://crowd
works.jp/), where the registrants undertake tasks online
(similar to Amazon Mechanical Turk). As this is a novel
study, the prior effect size was estimated to be moderate.
We required the sample size (N = 76) to detect a moderate
correlation (r = .30) at criteria of @ = 0.05 and power (1-f) =
0.80. 102 participants aged 2049 years completed the task.
Two participants who desired their data to be excluded from
analyses and those who made inappropriate descriptions or
omissions for over half of the trials in the AMT (Autobio-
graphical Memory Test) (n = 5) were excluded. In total, 95
participants (37.46 + 6.54 years old, 38 males, 57 females)
were included in the analyses.

MAAS

MAAS (Mindful Attention Awareness Scale; Brown &
Ryan, 2003) is a 15-item self-report questionnaire measuring
mindfulness traits. The Japanese version was developed by
Fujino et al. (2015). In this study, each statement was rated
on a 6-point scale (1 = almost never, 6 = almost always)
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where high scores indicate low mindfulness. Good internal
consistency was shown in the present study (a = .88).

MAIA

The MAIA (Mehling et al., 2012) is a self-report questionnaire
consisting of eight factors and 32 items that measures multidi-
mensional interoceptive sensibility. Participants rated all items
on a 6-point scale (0 = not at all, 5 = always). The Japanese
version was developed by Shoji et al. (2018), who demonstrated
its sufficient reliability and validity. The internal consistency
values in this study were as follows: noticing (a = .70), not
distracting (o = .78), not worrying (@ = .41), attention regula-
tion (@ = .85), emotional awareness (a = .84), self-regulation (a
=.76), body listening (a = .88), and trusting (a = .83). These
values were acceptable except for the value for not worrying.

AMT

The AMT (Williams & Broadbent, 1986) is a representa-
tive task for the retrieval of specific autobiographical mem-
ories. The addition of Uzer's extended instruction allowed
us to obtain subjective judgments of direct and generative
retrieval (Uzer et al., 2012). The task was programmed in
lab.js (https://lab.js.org/) and carried out online (the Japanese
version of the program is available from https://osf.io/qstn8/).

Firstly, participants were provided with guided instruc-
tions on how to complete the task. Participants were
instructed to recall a specific memory that occurred at a
particular time and place within a day and to press the space
bar when they had recalled a specific memory within 30 s.
They then practiced using the word cue “friendly,” filling in
the blanks on the screen with the memories they recalled.
Subsequently, they were given instructions about direct and
generative retrieval and asked to decide whether a recalled
memory had come to mind immediately without any effort
and additional information (direct) or whether it had been
recalled with effort and/or using additional information
(generative). Participants were required to press the “E” key
if they experienced a direct retrieval or the “I” key if they
experienced a generative retrieval, and then they practiced
using “broad” as a cue. Through this guided instruction, par-
ticipants learnt the sequence of the task: after the presenta-
tion of the cue word, when a specific memory came to mind,
they pressed the space bar, answered a question regarding
the retrieval process, and then entered the memory content.

In the main task, participants were presented with five
concrete positive cues (gift, baby, wedding, smile, and party;
in Japanese: 7L > b, Frb e A, RIS, %88, /(—F1—) , five
concrete negative cues (funeral, fight, dentist, final
exam, and blood; in Japanese: szt rmis, wmEE, Wkati m )

@ Springer

five abstract positive cues (honest, safe, peaceful, brave,and
cooperative; in Japanese: sy, e, FAR, BRA, HHNG ),
and five abstract negative cues (timid, dissatisfied, clumsy, apathy,
and painful; inJapanese: 55572, 7R, RBAR, |EHR, D5 )
and completed the same task sequence for each cue pro-
vided. The only difference in this online version of the task
from the standard laboratory experiment (Uzer et al.,
2012) is that even if participants pressed the space bar to
record their response latency, the screen that presented a
cue word did not proceed until 30 s had elapsed. Accord-
ing to the ordinary procedure (e.g., Matsumoto et al.,
2020), two independent raters classified recalled memories
into the following five categories: (a) Specific memory: a
past event that occurred at a particular time and place
within 1 day, (b) Categoric memory: memories that sum-
marized similar events, (c) Extended memory: a past event
lasting longer than 1 day, (d) Semantic association: seman-
tic memories that are not events, (¢) Omission: no response
or inappropriate response. Good agreement on these clas-
sifications was obtained among two independent raters
(Cohen’s k = .81).

Prior to the online implementation, we conducted an ini-
tial pilot study to examine whether the retrieval latencies and
direct retrieval rate were comparable to those found under
laboratory conditions. In the first pilot study, the space bar
press (retrieval latency) was clearly faster than that in the lab-
oratory experiment, which could be attributed to time pressure
(in Crowd Works, participants must complete tasks within 60
min to acquire rewards). To counter this and precisely meas-
ure retrieval latency, we set and explicitly stated that a quick
space bar press did not lead to advancing to the next screen.
In a second pilot study, we excluded trials showing extremely
short retrieval latencies (< 500 ms). This decision was made
post hoc, following a review of the data and study instructions.
Data from a small number of participants indicated that rapid
responses on early trials were the result of an attempt to move
on to subsequent trials rather than due to memory retrieval per
se. While there is little guidance concerning response thresh-
olds for online cognitive studies, a cut-off of < 500 ms was
employed here so as to minimize the inclusion of such trials
where rapid responses were identified. Finally, we confirmed
that direct retrieval judged by participants required approxi-
mately 5 s, generative retrieval required approximately 10 s,
and the direct retrieval rate was 65%; these results were com-
parable to those observed under laboratory conditions (e.g.,
Uzer & Brown, 2017).

Procedure

This study was carried out under the approval of the ethics
committee of psychological studies, Faculty of Arts, Shin-
shu University. After consenting to the study description,
participants took part in the experiment online. They were
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asked to create an environment in which they could con-
centrate alone before the experiment began. After entering
their demographic data, participants completed the AMT,
followed by the self-report questionnaires.! Finally, they
were asked if they had experienced any problems during the
experiment, if they would like their data to be excluded from
analysis, and if they had participated in similar experiments
in the past. Participants received 300 yen (approximately $3)
as compensation for their participation.

Statistical analysis

Statistical analyses were carried out using R statistics. The
raw data, R code, and supplementary file are available from
the Open Science Framework (https://osf.io/qstn8/). The
data treated in this study have a hierarchical structure with
1,900 trials nested within 95 participants. We considered
only trials in which participants recalled specific memories,
as previous studies examining differences between voluntary
and involuntary memory characteristics that have considered
memory specificity (Barzykowski et al., 2019; Barzykowski
& Staugaard, 2016) suggested that memory specificity can
be confounded by emotional impact (Williams et al., 2007).
In the analyses restricted to trials in which specific memories
were recalled, 1,138 trials nested within 95 participants were
included. Among these trials, 13 trials showing extremely
short retrieval latency (< 500 ms) were pairwise deleted
from analysis according to the pilot study described above.
In almost all analyses, except for the descriptive statistics,
the retrieval latency was log-transformed because the distri-
bution was skewed to the left.

To check the manipulation for distinguishing retrieval
processes, we used the linear mixed model (LMM) or gen-
eralized linear mixed model (GLMM) to determine whether
retrieval latency, cue concreteness, subjective judgment,
and memory specificity were associated with each other,
consistent with previous studies. Specifically, we found
that (a) concrete cues elicited more specific memories
than abstract cues, (b) concrete cues produced more direct
retrieval judgments than abstract cues, (c) concrete cues
brought shorter retrieval latencies than abstract cues, and
(d) retrieval latencies were faster for direct retrieval judg-
ments than for generative retrieval judgments. These analy-
ses were performed using the Ime4 package in R. Since the
purpose here is a simple manipulation check, no random
slope was entered to build an accurate model; only a ran-
dom intercept was set.

Next, multilevel correlations (Kenny & la Voie, 1985)
were computed using the lavaan package in R to examine

! We also measured depression in Experiment 1 and depression and
anxiety in Experiment 2, but these are not reported here. Data and
correlations are available from the OSF.

the relationship between interoceptive sensibility and mind-
ful awareness and direct retrieval judgments. We also exam-
ined whether these individual differences were associated
with retrieval latency.

Finally, the GLMM was used to examine whether
the influence of individual differences (interoceptive
sensibility and/or mindful awareness) on direct retrieval
judgments were significant when controlling for retrieval
latency, cue concreteness, and emotional valence. For
model specification, we initially aimed to include random
slope effects, provided that we did not lose too much
power (Matuschek et al., 2017) and that the model could
converge and did not exhibit a singular error (Brown,
2021). First, we created a model (Model 1) with a random
intercept and fixed main effects of cue word concreteness,
cue valence, and retrieval latency. Next, we created a
model with individual difference variables added to the
first model (Model 2) and carried out the likelihood ratio
test to compare these two models (i.e., examining the
significance of individual difference variables). We then
tested a model with random slopes added to the first model
(Model 3) and a model with random slopes added to the
second model (Model 4). However, both models showed a
singular error, and this problem was not solved by setting
the optimizers, omitting the derivative calculations, or
assuming the random intercept and the random slopes to
be uncorrelated. A possible reason for these problems is
that the model to be estimated was overly complex relative
to the data (Matuschek et al., 2017). This change may
inflate the risk of Type I error (Barr et al., 2013; Murayama
et al., 2014), but a replication study (Experiment 2) would
reduce the risk. We therefore abandoned the attempt to
fit random slope effects into the model. The final model
was the second model with the exploratory addition of the
interaction terms as the fixed effects (Model 5).

Results
Preliminary analysis

As a manipulation check, the relationship among retrieval
latency, cue concreteness, subjective judgments, and
memory specificity was tested. Concrete cues produced
more specific memories than abstract cues and no
interaction effect with cue valence was observed (Table 1
upper). Excluding omissions, specific memories were
reported in 84.8% of trials for concrete positive cues,
77.5% for concrete negative cues, 62.3% for abstract
positive cues, and 49.8% for abstract negative cues. When
specific memories were recalled, concrete cues produced
more direct retrieval judgments than abstract cues (79.2%
vs. 57.1% on average without a hierarchical assumption);
in addition, negative cues produced more direct retrieval
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Table 1 Generalized linear mixed model for specific memory response and subjective judgment of retrieval process and linear mixed model for
retrieval latency

Coefficient SE OR 95% Lower 95% Upper t P
DV = Specific memory response (1 or 0)
Intercept 0.49 0.09 1.63 1.37 1.94 5.55 <.001
Cue concreteness 1.39 0.11 4.02 3.26 4.95 13.11 <.001
Cue valence 0.25 0.10 1.28 1.05 1.57 2.39 .017
Cue concreteness * valence 0.25 0.21 1.29 0.86 1.93 1.21 23
DV = Direct (1) / Generative (0) judgment
Intercept 0.93 0.11 2.55 2.06 3.15 8.64 <.001
Cue concreteness 1.17 0.15 3.21 2.40 4.30 7.85 <.001
Cue valence -0.68 0.15 0.51 0.38 0.67 -4.67 <.001
Cue concreteness * valence 0.52 0.29 1.68 0.95 2.97 1.79 .073
DV = Retrieval latency (msec)
Intercept 8.78 0.07 8.64 8.92 120.50 <.001
Cue concreteness -0.12 0.04 -0.20 -0.04 -2.99 .003
Cue valence 0.06 0.04 -0.01 0.14 1.65 .090
Retrieval process -0.45 0.05 -0.54 -0.36 -9.68 <.001

Concrete cue was coded as 0.5 and abstract cue was coded as -0.5. Positive cue was coded as 0.5 and negative cue was coded as -0.5. Direct
retrieval was coded as 0.5 and generative retrieval was coded as -0.5 used for independent variable. Retrieval latency was log-transformed for
linear model. 95% confidence intervals of Odds Ratio (OR) are shown for GLMM and of coefficient are shown for LMM

Table 2 Descriptive statistics and correlations between mindfulness traits and interoceptive sensibility in Experiment 1

M SD 1 2 3 4 5 6 7 8 9
1. MAAS 43.65 10.41

2. MAIA total 74.51 1748  -21

3. Noticing 9.05 3.43 14 44

4. Not-Distracting 7.91 2.96 -43™ .16 =347

5. Not-Worrying 6.46 2.25 =31 25" -367 317

6. AttentionRegulation 17.21 5.18 -25" a7 307 14 .09

7. Emotional Awareness 12.03 4.54 01 80" 457 -.05 .05 48

8. Self-Regulation 9.29 3.46 -.15 85" 21" .05 26% 65 57

9. Body-Listening 5.59 2.98 .03 74 417 -.13 02 377 63" 67
10. Trusting 6.96 2.96 -.18 a3 19 -01 26 38 537 677 637

MAAS Mindful Attention Awareness Scale, MAIA Multidimensional Assessment of Interoceptive Awareness
*#% p <001, ** p < .01, * p < .05

judgments than positive cues (77.0% vs. 65.1% on average
without a hierarchical assumption) (Table 1, middle).
When specific memories were recalled, retrieval latency
was faster for concrete cues than abstract cues and was
faster for negative cues than positive cues (6.36 s for

process was associated with each other and warranted the
experimental manipulation.

Descriptive statistics and multilevel correlations

concrete positive cues, 5.84 s for concrete negative cues,
8.30 s for abstract positive cues, and 7.22 s for abstract
negative cues; Table 1, lower). Retrieval latency was faster
in trials judged as direct retrieval (5.46 s) than in trials
judged as generative retrieval (9.86 s) (Table 1, lower).
These results demonstrated that each index of retrieval

@ Springer

Table 2 shows the descriptive statistics and Pearson’s cor-
relation matrix between the individual difference variables.
Mindfulness traits (MAAS, mindless) were associated with
low levels of interoceptive sensibility (MAIA total) but were
not associated with some subordinate factors of interoceptive
sensibility, noticing, emotional awareness, and body listening.
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Table 3 Descriptive statistics and intercorrelations for specific autobiographical recall in Experiment 1

Overall Concrete cues Abstract cues
Subjective judg-  Retrieval latency Subjective judg-  Retrieval latency Subjective judg-  Retrieval latency
ment ment ment
Subjective judgment 08 - 32%H% 0% -.26%%* .09* =35
Retrieval latency (RT) -.15 A5k -17 A4 -11 A8
MAAS -.03 -17 -.07 -.16 -.01 -17
MAIA total 36% -.19 A4 -23% 25 -.15
Noticing 15 -24% A1 -24% .20 -25%
Not-Distracting -.07 -.05 .03 -.03 -.15 -.10
Not-Worrying .10 12 .09 .08 .09 17
Attention Regulation .09 -.05 13 -.06 .03 -.04
Emotional Awareness 397 -13 49%* -12 21 15
Self-Regulation .28 -21 .38% -27* 13 13
Body-Listening AGHE -.29% S50%* =345 .36 =22
Trusting A -.10 A5 -.18 A2% .01

Interclass correlations were shown in bold. Trial level correlations were shown with underbar and the others were individual level correlations.

Retrieval latency was log-transformed

MAAS Mindful Attention Awareness Scale, MAIA Multidimensional Assessment of Interoceptive Awareness

w5 p < 001, ¥+ p < .01, * p < .05

For the hierarchical structural data, multilevel correlations
were calculated within the trial level and individual level
(Kenny & la Voie, 1985) for specific autobiographical recall
(Table 3). The interclass correlations of retrieval latency
and subjective judgments were significant, suggesting that
retrieval latency and subjective judgments have a certain sta-
bility within individuals. In trait level correlations, individu-
als with a tendency towards direct retrieval judgments show
shorter retrieval latencies. The MAIA total, emotional aware-
ness, body listening, and trusting scores were associated with
more direct retrieval judgments. These correlations were also
found in any recall (Online Supplementary Material (OSM)
Table S1) and observed for concrete cues (Table 3) but not
for abstract cues excluding the trusting factor (Table 3). The
noticing and body listening factors were related to shorter
retrieval latency (Table 3). The correlation between noticing
and retrieval latency was also found for concrete and abstract
cues, and the correlation between body listening and retrieval
latency was also shown in concrete cues. Mindfulness traits
were not associated with either subjective judgments or
retrieval latency.” None of the interoceptive sensibility factors
were associated with memory specificity (OSM Table S1).

2 In concrete cue conditions, mindfulness traits were associated with
memory specificity (Supplementary Table S1), consistent with the
finding that mindfulness interventions are effective in reducing over-
general memory (Heeren et al., 2009; Williams et al., 2000). Since
mindfulness traits were not associated with retrieval latency, mindful-
ness traits are likely related to the monitoring process after memory
retrieval rather than facilitating the awareness of memories before
they come into consciousness. Matsumoto and Mochizuki (2019)
argued that error monitoring after retrieval contributes to memory
specificity, and low mindfulness traits may lead to reporting nonspe-

Subjective judgments on retrieval process

Given the lack of association between mindfulness traits (MAAS)
and direct retrieval judgments in the multilevel correlations, sub-
sequent analyses focused on interoceptive sensibility. To avoid
repetition of statistical tests, we examined only the effects of the
MAIA total score and the emotional awareness, body listening,
and trusting scores, which were significantly correlated with
direct retrieval judgments in the multilevel correlations. The
GLMMs were carried out to examine whether the interoceptive
sensibility affects subjective judgments on retrieval process.
We examined Model 1 with cue valence, cue con-
creteness, and response time (RT) as the independent
variables and direct retrieval judgments as the dependent
variable. Cue concreteness (odds ratio (OR) = 3.08 [95%
CI: 2.27-4.18], p < .001), negatively valenced cues (OR
= 0.52 [0.39-0.71], p < .001) and short RTs (OR = 0.41
[0.33-0.52], p < .001) significantly predicted direct retrieval
judgments. Next, we tested Model 2 by entering interocep-
tive sensibility variables and performed likelihood ratio
tests with Model 1, respectively. Model 2 fit the data signifi-
cantly better than Model 1 when entering the MAIA score
(X2 =4.36, p = .037), emotional awareness (X2 =6.79,p=
.009), body listening (y? = 4.72, p = .03), and trusting (x>
= 8.97, p = .003). These additional predictors were associ-
ated with increasing judgments of direct retrieval (Table 4).

Footnote 2 (continued)
cific memories without monitoring the retrieval goal on autopilot.

This idea is also compatible with the finding that mindfulness helps
to reduce rumination and thought suppression and to increase cog-
nitive reappraisal after involuntary retrieval (Del Palacio-Gonzalez
et al.,, 2017; Isham et al., 2020); thus, mindfulness may contribute
strongly to the post-retrieval process.
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Table 4 Generalized linear mixed model for subjective judgment of retrieval process among specific recall in Experiment 1

Coefficient SE OR 95% Lower  95% Upper Z P
Step 1 Intercept 1.12 0.13 3.06 237 3.94 8.63 <.001
Cue valence -0.65 0.15 0.52  0.39 0.71 -4.18  <.001
Cue concreteness 1.13 0.16 3.08 227 4.18 7.20 <.001
Retrieval latency (RT) -0.89 0.18 041 033 0.52 =774 <.001
Random effects
o’ 3.29 ICC 0.20
™ ID 0.84 Marginal R? / Conditional R? 0.217/0.377
Step 2 MAIA 0.01 0.01 1.01  1.00 1.03 2.11 .035
AMarginal R? / AConditional R? 0.014 /0.000
Step 2 Emotional awareness (EA)  0.07 0.03 1.07 1.02 1.13 2.63 .009
AMarginal R? / AConditional R? 0.019/0.002
Step 3 Cue concreteness * EA 0.07 0.04 1.07  1.00 1.15 2.01 .045
AMarginal R? / AConditional R? 0.010/0.008
Step 2 Body-listening 0.09 0.04 1.10 1.01 1.19 222 .027
AMarginal R? / AConditional R? 0.016/-0.001
Step 2 Trusting 0.12 0.04 1.13  1.05 1.22 3.07 .002
AMarginal R? / AConditional R? 0.024 /-0.004

Concrete cue was coded as 0.5 and abstract cue was coded as -0.5. Positive cue was coded as 0.5 and negative cue was coded as -0.5. Direct
retrieval was coded as 1 and generative retrieval was coded as 0. Retrieval latency was log-transformed for linear model. Marginal and condi-
tional R-squared statistics were based on Nakagawa et al. (2017). Step 1 was common for all regressions, and different variables were entered

from Step 2 onwards

Since some associations between interoceptive sensi-
bility factors and direct retrieval judgment emerged for
concrete cues in the multilevel correlation analysis, we
then, in an exploratory analysis, examined Model 5 with
fixed effects between the interaction terms of cue con-
creteness and interoceptive sensibility factors. We found
that the interaction effect was significant only when emo-
tional awareness was used (OR = 1.07 [1.00-1.15], p =
.045). Figure 1 shows the interaction between emotional
awareness and cue concreteness to estimate the predicted
probability of direct retrieval judgments, suggesting that
increasing emotional awareness predicted higher propor-
tions of direct retrieval judgments for concrete cues.

Discussion

In Experiment 1, we tested whether interoceptive sensibil-
ity and/or mindfulness traits were associated with direct
retrieval judgments. Retrieval latency, cue concreteness,
and subjective judgment were identified as factors determin-
ing direct or generative retrieval, and we examined whether
the variance in judgments of retrieval mode are independ-
ent of retrieval latency and cue concreteness. We measured
interoceptive sensibility and mindfulness traits using a self-
administered questionnaire.

In line with previous findings, we replicated that (a) con-
crete cues lead to greater recall of specific memories than

@ Springer
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Fig.1 Predicted probability of direct retrieval judgment and emo-
tional awareness as a function of cue concreteness

abstract cues (Williams et al., 1999), (b) specific memories
elicited by concrete cues were more likely to be judged as
being retrieved directly relative to those elicited by abstract
cues (Uzer et al., 2012), (c) specific memories elicited by
concrete cues have shorter retrieval latencies than those
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elicited by abstract cues (Williams et al., 1999), and (d)
retrieval latencies of specific memories associated with
direct retrieval judgments were faster than for memories
associated with generative retrieval judgments regardless
of cue (Uzer et al., 2012).

Concrete cues seem to be highly salient unique cues,
which have been shown to trigger direct/involuntary retrieval
(Berntsen et al., 2013). Generative retrieval involves longer
retrieval latency because memories are constructed through
top-down processes, whereas direct retrieval requires shorter
latency because memories are recalled immediately through
bottom-up associative processes. These results demonstrated
that retrieval latency, cue concreteness, and direct retrieval
judgments can each separate generative retrieval from direct
retrieval and that they are interrelated (but not fully corre-
spondent) variables.

The key finding here is that interoceptive sensibility fac-
tors (MAIA total score, emotional awareness, body listening,
and trusting) predicted direct retrieval judgments, and these
associations were independent of other direct retrieval indices
such as retrieval latency. Since retrieval latency cannot fully
explain direct retrieval judgments (Mace et al., 2021), we can-
not completely rule out the possibility that high interoceptive
sensibility facilitated bottom-up retrieval itself, but the results
of Experiment 1 suggest that high interoceptive sensibility
leads to a greater impact of the retrieval, increasing the likeli-
hood that memories are judged as being retrieved directly.
Interestingly, these associations were stronger for concrete
cues, especially for emotional awareness factors. Concrete
cues not only elicit mental imagery but also greater bodily
sensations (Holmes & Mathews, 2010), and these sensations
lead to a greater impact at retrieval, making judgments of
direct retrieval more likely. In contrast, since abstract cues
are less likely to elicit mental imagery and interoceptive feel-
ings, the retrieval impact may tend to be lower or top-down
memory retrieval may be initiated, leading to judgments
of generative retrieval. In particular, when participants are
instructed to recall (specific) memories, as in this experiment,
it has been shown that less accessible memories (e.g., memo-
ries with smaller evoked emotions or lower importance) are
more likely to come to consciousness compared with when
participants are instructed to report any thought (Barzykowski
& Staugaard, 2018), and these memories are more likely to be
generated by top-down retrieval. During top-down retrieval,
higher-order cognition suppresses lower-order sensory infor-
mation (Kube et al., 2020a, b), potentially making the condi-
tions of generative retrieval less sensitive to individual dif-
ferences in interoceptive sensibility. Experimental conditions
that allow for any thoughts (Barzykowski & Staugaard, 2018)
or all memories (Debeer et al., 2009; Matsumoto & Mochi-
zuki, 2017) may facilitate reporting of high-impact memories
based on interoceptions, and the effect of individual differ-
ences in interoceptive sensibility may be greater.

Mindfulness traits were not associated with direct
retrieval judgments. Mindfulness traits were correlated with
some factors on the interoceptive sensibility scale but not
with the emotional awareness, body listening, and trusting
factors, which were related to direct retrieval judgments.
This suggests that mindfulness traits, in contrast to intero-
ceptive sensibility, are not involved in direct retrieval judg-
ments in this experiment.

Experiment 2

In Experiment 1, interoceptive sensibility was asso-
ciated with direct retrieval judgments primarily for
concrete cues, perhaps because participants perceived
direct retrieval to have occurred based on the bod-
ily sensations activated by the concrete cue words. If
this is the case, may we also expect participants to
subjectively experience stronger bodily sensations
and more emotional impact when direct retrieval is
perceived to have occurred? If direct retrieval judg-
ments are based on the retrieval impact, we should
find not only a trait-level correlation with interocep-
tive sensibility, as shown in Study 1, but also a trial-
level correlation with physical and emotional impacts.
Physical and emotional impacts are characteristics of
involuntary memory (Berntsen & Hall, 2004), but it
remains unclear whether these impacts are involved in
subjective judgments of direct retrieval. Investigating
memory characteristics will provide greater insight into
the involvement of interoceptive sensibility in direct
retrieval judgments.

The primary aim of Experiment 2 was to replicate the
results of Experiment 1, in which interoceptive sensibility
was related to the subjective judgment of direct retrieval, but
mindfulness traits were not related. We then tested the sec-
ond hypothesis that physical reaction and emotional impact
accompanied with memory retrieval in response to concrete
cues produce direct retrieval judgments. Finally, we tested a
mediation model in which interoceptive sensibility triggers
physical and emotional impacts that in turn lead to direct
retrieval judgments. In Experiment 2, we test these hypoth-
eses using only concrete cues because the association of
interoceptive sensibility and direct retrieval judgment only
emerged for concrete cues in Experiment 1.

Materials and methods
Participants
One hundred thirty-seven participants aged 18-49 years

old were recruited from Yahoo! Crowdsourcing (https://
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crowdsourcing.yahoo.co.jp/). Prior to recruitment, we set
the exclusion criteria as follows: problem reported dur-
ing the task (n = 1), participants who asked to exclude
their data from the analysis (n = 4), participants who
participated in a similar study (n = 8), and inappropriate
responses or omission from over half of the trials in the
AMT (n = 11). In total, the data obtained from 113 par-
ticipants (42.32 + 4.99 years old, 84 males, 29 females)
were analyzed.

Questionnaires

We used the MAAS and MAIA as in Experiment 1. The
internal consistencies were as follows: MAAS (ax = .89),
noticing (a = .73), not distracting (o« = .68), not worrying (o
= .23), attention regulation (o = .88), emotional awareness
(o = .81), self-regulation (a0 = .77), body listening (o = .89),
and trusting (o = .84).

Memory characteristics questionnaire

To measure the physical and emotional impact induced
by memory retrieval, we used a memory characteristics
questionnaire adopted from Watson et al. (2012). For a
brief adaptation, we selected six questions: emotional
impact (Did the memory affect your mood?), physical
reaction (Did you physically react in response to the
memory (e.g., smiling, crying, shivering, having a rapid
pulse)?), original valence (How do you remember your
emotions at the time of the event?), importance (Does
this memory refer to an important event in your life?),
vividness (How vivid is the memory?), and rehearsal
(Have you previously thought about this memory?).
Participants rated each question using a 7-point scale:
emotional impact (1 = strongly negative, 4 = neutral (no
impact), 7 = strongly positive), physical reaction (1= not
at all, 7 = very), original valence (1 = strongly negative,
4 = neutral, 7 = strongly positive), importance (1 = not
important, 7 = very important), vividness (1 = cloudy
and imageless, 7 = clear and vivid), and rehearsal (1 =
never, 7 = often). Emotional impact and original valence
were transformed into absolute values from the theoreti-
cal mean (i.e., 4).

AMT

We used five positive concrete cues and five negative con-
crete cues, which were identical to the concrete cues used in
Experiment 1. Other settings of the task were the same as in
Experiment 1. Regarding memory specificity, two independ-
ent raters classified the responses into the five categories and
obtained good agreement (Cohen’s k =.77).

@ Springer

Statistical analysis

In Experiment 2, 1,130 trials nested within 113 participants
were analyzed. In the analyses restricted to specific memo-
ries, 813 trials nested in 113 participants were analyzed.
First, we conducted preliminary analyses to examine the
relation between subjective judgments and retrieval latency
in specific autobiographical recall. Next, a multilevel cor-
relation analysis was carried out to examine the associa-
tion between level 2 variables (interoceptive sensibility and
mindfulness traits) and level 1 variables (subjective judg-
ments, retrieval latency, emotional impact, physical reaction,
and original valence). We then carried out the GLMM for
subjective judgments of direct retrieval to examine whether
interoceptive sensibility leads to direct retrieval judgment
independent of retrieval latency and cue valence. Finally,
multilevel mediation analysis was performed to test a model
in which physical reaction and emotional impact mediate
the association between interoceptive sensibility and sub-
jective judgments (i.e., 2-1-1 model). Physical reaction and
emotional impact were aggregated into a single factor score
drawn from a factor analysis with the maximum likelihood
method and entered into the model. We used the lavaan
package in R with probit regression as the default to formu-
late the model.

Results
Preliminary analyses

Excluding omissions, specific memories were reported in
81.4% of the trials for positive cues and 71.2% for negative
cues. Among the specific memory responses, direct retrieval
judgments were made in 74.5% of trials. The GLMM for
subjective judgments showed that shorter retrieval latency
predicted direct retrieval judgments (OR = 0.42 [95% CI:
0.31-0.57], p < .001; overall mean of direct retrieval: 5.29
s; generative retrieval: 8.62 s).

Descriptive statistics and correlations

Table 5 shows the descriptive statistics and Pearson’s
correlation matrix between the individual difference
variables. Multilevel correlations are shown for specific
autobiographical recall (Table 6). As predicted, emotional
awareness was correlated with direct retrieval judgment
for specific autobiographical recall (r = .33, p = .007).
This association was also shown for any recall (OSM
Table S2). In contrast, the correlations between direct
retrieval judgment and the MAIA total score (r = .20, p =
.092), body listening (r = .15, p = .20), and trusting (r =
.13, p = .28) did not reach significance. Instances of spe-
cific recall judged as direct retrieval had stronger physical
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Table 5 Descriptive statistics and correlations between mindfulness traits and interoceptive sensibility in Experiment 2
M SD 1 2 3 4 5 6 7 8 9
1. MAAS 43.19 10.84
2. MAIA total 71.48 16.08 -.04
3. Noticing 8.58 3.59 347 37
4. Not-Distracting 8.64 2.59 -36" 11 43
5. Not-Worrying 6.62 2.05 -.18 21" -36" 20"
6. AttentionRegulation 15.57 5.15 -.01 a1 25" -.01 .10
7. Emotional Awareness 11.33 4.11 11 75 54 -23" -.06 39"
8. Self-Regulation 8.58 3.25 -14 a7 03 11 28" 42" 447
9. Body-Listening 5.80 3.04 05 81 21" 17 .06 37 58" 697
10. Trusting 6.37 2.97 -22° 78 -.02 19* 24" 39" 517 g2 707

MAAS Mindful Attention Awareness Scale, MAIA Multidimensional Assessment of Interoceptive Awareness
*% p <001, ¥* p < .01, * p < .05

Table 6 Mutlilevel correlations for specific autobiographical recall in Experiment 2

Subjec- Retrieval latency Emotional impact Physical reaction Original valence Importance Vividness Rehearsal
tive judg-
ment
Subjective Judg- -20*** _2 sksksk 415*** Al*** &*** m*** ﬂ*** %***
ment
Retrieval latency -.18 S0F** .00 -.04 -.04 -.07 -.06 -.08*
(RT)
Emotional impact =~ .44%*%* -.08 25 Rhioao T4HEE BT 3k 39k
Physical reaction 36%* -22% AQE 52 Rhioao 3Gk B2k AT
Original valence 35% .05 T4 28 Q9 3G 3gwAE 39k
Importance 53k -.32% A9H* T3 AL 22 5w LO8HHE
Vividness A3 -.10 31* A40%* 31* 69 ) ok Sk
Rehearsal A48 -20 38 64k 34% BTk 65 ) o
MAAS 13 -.10 .08 -.08 .02 .00 -12 .01
MAIA total .20 -.15 -.05 .06 -.18 .09 .20 27*
Noticing 24% -.01 24%* .10 27% .03 .10 .16
Not-Distracting -.10 -.03 -.10 -.15 -12 .01 .06 12
Not-Worrying .06 .05 -22 .08 -.33%% 11 .08 .06
Attention Regula-  -.05 .00 -.20% -.18 -.36%* -.19 -.02 -.05
tion
Emotional Aware- ~ .33*%* -.19 23% .19 .06 .20 24% 35%*
ness
Self-Regulation .19 -.18 -12 .07 -.19 .09 .10 15
Body-Listening 15 -21% .03 12 -.14 11 13 287%
Trusting 13 -12 -.03 17 -.11 22 Ko 30%*

Interclass correlations were shown in bold. Trial level correlations were shown with underbar and the others were individual level correlations.
Emotional impact and Original valence were transformed into the absolute value (dissociation from the median 4). Retrieval latency was log-

transformed

MAAS Mindful Attention Awareness Scale, MAIA Multidimensional Assessment of Interoceptive Awareness
*#% p <001, ** p < .01, * p <.05
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Table 7 Generalized linear mixed model for subjective judgment of retrieval process among specific recall in Experiment 2

Coefficient SE OR 95% Lower 95% Upper Z P
Step 1 Intercept 7.18 1.40 5.13 <.001
Retrieval latency (RT) -0.82 0.15 0.44 0.33 0.59 -5.36 <.001
Cue valence -0.19 0.19 0.83 0.57 1.21 -0.97 33
Emotional awareness 0.11 0.04 1.11 1.03 1.20 2.64 .008
Random effects
o 3.29 ICC 0.32
1D 1.58 Marginal R? / Conditional R? 0.217/0.377

Positive cue was coded as 0.5 and negative cue was coded as -0.5. Direct retrieval was coded as 1 and generative retrieval was coded as 0.
Retrieval latency was log-transformed for linear model. Mriginal and conditional R-squared statistics were based on Nakagawa et al. (2017)

b=0.181"
SE = 0.055

Retrieval Impact
(physical reaction and
emotional impact)

b=0.029"
SE=0.011

i Dir
Emotional (© R gct
awareness > Retrieval
b=0.011" judgment
SE =0.005
Indirect association (a*b): ** p<.001
b=0.005" *p<.01
SE =0.003

Fig.2 Multilevel mediation model predicting subjective judgment of direct retrieval

reactions (r = .10, p = .006) and emotional impact (r =
.15, p < .001). Correlations of emotional awareness with
emotional impact were significant (r = .23, p = .046), but the
correlation with physical reaction did not reach significance
(r =.19, p = .066). Emotional awareness was also highly
associated with rehearsal (r = .35, p = .002) and vividness
(r = .24, p = .027), despite having no relation to the emo-
tional valence of the memory at the time of the event (r =
.06, p = .63).

Subjective judgments on retrieval process

Subsequent analyses were focused on emotional awareness,
which was consistently associated with direct retrieval judg-
ments in Experiment 1. We performed GLMMs with direct
retrieval judgment as the dependent variable. In Model 1, we
entered retrieval latency and cue valence, and in Model 2, we
additionally entered emotional awareness. Likelihood ratio tests
showed that the fitness of Model 2 was significantly better (X2

@ Springer

=7.17, p = .007), and the effect of emotional awareness in
Model 2 was significant (OR = 1.11 [1.03-1.20], p = .008;
Table 7).

Multilevel mediation analysis

We carried out a multilevel mediation analysis in which the
retrieval impact (physical reaction and emotional impact)
mediated the association between emotional awareness and
subjective judgment of the retrieval process. The results
supported a partial mediation model (Fig. 2). At level 2,
emotional awareness significantly predicted the retrieval
impact (Z = 2.50, p = .012), and the retrieval impact sig-
nificantly predicted direct retrieval judgments (Z=3.31, p
< .001). The indirect association was significant (Z = 2.00,
p = .046), and the direct association (i.e., the association
between emotional awareness and direct retrieval judg-
ment) remained significant (Z = 2.06, p = .040).
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Discussion

The aim of Experiment 2 was to test the relationship between
interoceptive sensibility and direct retrieval judgments
revealed in Experiment 1 (Hypothesis 1) and to investigate
whether the physical and emotional impacts from memory
retrieval predict direct retrieval judgments (Hypothesis 2).
Furthermore, we tested a mediation model in which high
interoceptive sensibility leads to physical and emotional
impacts accompanied with memory retrieval, in turn lead-
ing to direct retrieval judgments.

Replicating the results of Experiment 1 and supporting
Hypothesis 1, emotional awareness predicted direct retrieval
judgments independently of other factors, such as retrieval
latency. Furthermore, in support of Hypothesis 2, the physi-
cal and emotional impacts accompanied by memory retrieval
predicted direct retrieval judgments. This result strengthens
the evidence that direct retrieval judgments are based on
physical and emotional impacts. Finally, a partial mediation
model was also supported. Individuals who are sensitive to
interoceptive sensations are more likely to feel physical and
emotional impacts, and the magnitude of these impacts leads
to the perception of direct retrieval. Although the original
valence was not strong, they recalled it repeatedly and viv-
idly. In other words, individuals with a high level of emo-
tional awareness recall an event with a strong impact as a
direct retrieval, even if it was originally a typical experience.

Mindfulness traits were not associated with subjective
judgments of direct retrieval and emotional awareness, as in
Experiment 1. This result suggests that variance of intero-
ceptive sensibility, which was not related to the mindfulness
scale, is involved in direct retrieval judgments.

General discussion

While attempts have been made to objectively distinguish
between the retrieval process of autobiographical memory
and to understand the memory characteristics generated by
each retrieval process, the phenomenological issue of how
people judge the retrieval process has been largely over-
looked until recently (Barzykowski et al., 2021; Sanson
et al., 2020). We posited that internal awareness underlies
bottom-up retrieval and examined a novel hypothesis that
individual differences in internal awareness affect subjective
judgments of direct retrieval.

Through two experiments, we demonstrated that emo-
tional awareness, an interoceptive sensibility factor (Mehling
et al., 2012), contributes to direct retrieval judgments. As
mentioned earlier, there are various ways of measuring
interoception, but in the context of this set of experiments
we found that emotional awareness, as measured by the
self-administered scale, is associated with direct retrieval

judgments, supporting the role of interoceptive sensibility
on autobiographical recall. The MAIA emotional awareness
component assesses the ability to attribute specific physical
sensations to physiological manifestations of emotions and
reflects more developed interoceptive awareness compared
with other MAIA subcomponents (Mehling et al., 2012).
Individuals with high levels of emotional awareness may
be able to enrich the emotions associated with the higher-
order cognitive activity including memory retrieval. The
association between emotional awareness and direct retrieval
judgments was observed for concrete cues, which are more
likely to be associated with past specific events, suggesting
that the individual differences in interoceptive sensibility
are more critical in associative, direct retrieval processes.
Importantly, direct retrieval judgments are predicted by emo-
tional awareness independently of retrieval latency and other
related factors.

One interpretation of this finding is that high interocep-
tive sensibility is not related to more direct retrieval per se,
but rather associated with the subjective nature of retrieval
judgments. In this case, the question arises as to how par-
ticipants judged the retrieval process. Another interpreta-
tion may be that high interoceptive sensibility increases the
likelihood of directly activating bodily sensations related
to past memories. However, no correlation between intero-
ceptive sensibility and retrieval latency was observed, pos-
sibly because more time was required to attribute the cue-
activated sensations to memories (i.e., active inference to
interoception; Barrett, 2017; Seth & Friston, 2016) or to
elaborate on the details of these memories. Recent research
has shown that there are two types of retrieval that can be
judged as direct retrieval: fast retrieval and slow retrieval
(Mace et al., 2021). Fast retrieval is pure direct retrieval
with short latency and an automatic process, whereas slow
retrieval is generative like direct retrieval with relatively
long latency and a retrieval-focused process such as cue
deliberation and strategy usage. The case of active infer-
ence to interoceptions may be considered to be a form of
slow retrieval, as it involves a process of strategic interpreta-
tion of the interoceptions. Nevertheless, in this case, when
participants were asked to judge memory retrieval as either
generative or direct, participants judged memory retrieval
as having occurred directly. Again, one important question
relates to how participants made these subjective judgments.

Based on the hypothesis that subjective judgments of
direct retrieval may be guided by the magnitude of the
retrieval impact, we found support for a model in which
the relationship between interoceptive sensibility and
direct retrieval judgments is partially mediated by bod-
ily and emotional impact of the retrieval. Individuals with
high levels of emotional awareness tend to experience rich
(high-impact) emotions based on bodily sensations dur-
ing memory retrieval, and are more likely to make direct
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retrieval judgments based on these impacts. Previous studies
have examined the nature of generatively retrieved, directly
retrieved, and involuntarily retrieved memories, and have
found that greater involuntariness in memory recall pre-
dicts greater emotional impact (Berntsen & Hall, 2004;
Del Palacio-Gonzalez et al., 2017; Watson et al., 2012).
The current study presents a different framework in which
bodily and emotional impact is not regarded as a feature of
directly retrieved memories, as in previous studies, but that
the impact leads to the judgment of retrieval process.

One plausible hypothesis to explain these results is that
interoceptive prediction error leads to retrieval impact and
guides the direct retrieval judgments. The predictive pro-
cessing framework and interoceptive prediction error can
explain how emotion is constructed (Barrett, 2017; Critch-
ley & Garfinkel, 2017; Seth & Friston, 2016), and can be
applied to all human cognitive activities, including memory
(Barron et al., 2020). Since involuntary retrieval is generally
an unexpected and surprising experience (Mandler, 2007),
people may subjectively feel as if unexpected interoceptions
have suddenly occurred. In other words, people experience
a large prediction error for the incoming sensations. On
the contrary, when retrieval monitoring processes such as
retrieval intention and cognitive effort are present during
retrieval, these processes may lead to intermittent updating
of predictions about the incoming sensations associated with
the memory retrieval. In this sense, direct retrieval may have
smaller prediction errors than involuntary retrieval because
direct retrieval involves retrieval intentions, whereas predic-
tion errors may be larger for direct retrieval than for genera-
tive retrieval, which requires more cognitive effort. Latest
studies have shown in particular that cognitive effort pre-
dicts voluntary versus involuntary retrieval judgments (Bar-
zykowski et al., 2021; Sanson et al., 2020), suggesting that
the contrast in cognitive effort between generative and direct
retrieval is closely related to the magnitude of prediction
error experienced and subjective judgments. When a strong
physical reaction occurs, humans may automatically recall
memories associated with the reaction, or may engage in a
process of actively inferring the perceived prediction error
to access memories. At the same time, emotions that explain
the interoceptive prediction error are constructed. In this
sense, both the magnitude of emotional arousal and invol-
untariness/directness of retrieval could be integrated by the
prediction processing framework. Although recent research
has been interested in higher-order predictions, such as
Bayesian predictions to increase the probability of detecting
threat stimuli, that lead to intrusive memories and images
(Kube et al., 2020a), interoceptive or lower-order predic-
tion errors such as those hypothesized here may also be an
underlying mechanism of intrusive memories and images.
Unfortunately, no direct measurement of prediction error
was available in the present study addressing involuntary
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and direct retrieval based on bodily signals (e.g., heartbeat
evoked potentials; Montoya et al., 1993); this represents a
future challenge.

Janssen et al. (2021), who conducted one of the few pre-
vious studies to examine factors associated with subjective
judgments, showed that smaller pupil size was associated
with direct retrieval judgments. Based on the theoretical
framework proposed in the present study, the results of Jans-
sen et al. (2021) may be reframed as in terms of interocep-
tion as indicating that autonomic nervous system responses
are involved in direct retrieval judgments. Pupil size, which
represents arousal controlled by the autonomic nervous
system (Wang et al., 2018), is an index of prediction error
(Koenig et al., 2018). The predictive processing theory of
emotion to which this study refers is based on prediction
error occurring in the autonomic nervous system, and there-
fore the results of the present study and that of Janssen et al.
(2021) may indicate a common interoceptive mechanism for
direct retrieval judgments.

Among direct retrieval judgments, whether memory
retrieval occurs automatically or actively (deliberately) from
interoceptive feelings may be important when considering
the (re) constructive nature of autobiographical memories
(Schacter & Addis, 2007). Some argue that stored memory
representations are more likely to be retrieved directly if
they represent highly accessible memories that are impor-
tant, emotional, vivid, and highly rehearsed (Barzykowski
& Staugaard, 2016), while others argue that memories
retrieved both directly and through generative retrieval are
reconstructed (Harris & Berntsen, 2019). When memories
are retrieved automatically, stored memory representations
are likely to come directly to mind, whereas under condi-
tions of active inference following interoception, when
one actively searches for memories to attribute the causes
of interoception, the reconstruction process is likely to be
involved. Tracking these timely retrieval processes using
event-related physiological and neural responses will allow
us to elucidate the mechanisms of memory reconstruction.

Mindfulness training has been found to increase intero-
ceptive sensibility (Gibson, 2019) but also to reduce the
impact of prediction errors (Kirk et al., 2019; Kirk & Mon-
tague, 2015), suggesting that mindfulness encompasses
an element of noticing physical reactions and not being
affected by perceived bodily sensations and emotions. The
lack of association between mindfulness traits and direct
retrieval judgments in the present study may reflect this
trade-off. Although mindfulness traits measured by the
MAAS did not predict direct retrieval judgments, multi-
faceted assessment of mindfulness may reveal some asso-
ciation. For example, observing, a subfactor of the FFMQ
(Five Facets Mindfulness Questionnaire; Baer et al.,
2006), may have similar effects as emotional awareness
(Mehling et al., 2012), as it mainly reflects awareness of
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bodily sensations and is not associated with well-being in
non-meditators (Baer et al., 2008). Furthermore, as mind-
fulness training has been shown to cultivate interoception
(Gibson, 2019), such interventions could still influence the
probability of direct retrieval judgments.

Theoretical implications

Previous studies suggest that highly accessible memories,
which are characterized by high emotional intensity, per-
sonal importance, rehearsal, and vividness, are more likely
to be voluntarily (directly) and involuntarily retrieved,
because they are more likely to surpass an awareness thresh-
old and enter consciousness (Barzykowski et al., 2019,
2021; Barzykowski & Staugaard, 2016, 2018). Threshold
parameters vary as a function of the intention to recall a
memory and by the experimental instructions and current
goals guiding memory retrieval (Barzykowski et al., 2021;
Barzykowski & Staugaard, 2018). The prediction error
account could be integrated with this threshold hypothesis.
The degree of memory activation that determines whether
the memory crosses the awareness threshold could be
related to the magnitude of the prediction error. The thresh-
old hypothesis assumes that the phenomenological qualities
of memories determine whether they cross the threshold
into conscious awareness; the prediction error framework
may provide a neurobiological account of how the intero-
ceptive conditions of memory retrieval may increase the
likelihood of memories entering consciousness, as deter-
mined by the interoceptive awareness of the individual and
the retrieval impact (i.e., prediction error) of the memory
itself in the context of current interoceptive information.
Conditions of involuntary memory retrieval may
increase the awareness threshold, beyond which only
experiences with a large prediction error can enter con-
sciousness. Conversely, the conditions of voluntary
retrieval would lower the threshold. Therefore, as shown
in previous studies, involuntary retrieval tends to evoke
stronger emotional responses, while voluntary retrieval
evokes less emotional response (e.g., Watson et al., 2012).
Not only the nature of memory itself, but also other fac-
tors, such as the individual differences of interoception,
affect the retrieval impact. The strength of the prediction
error account is that it may provide a way to integrate
psychological models of memory retrieval with broader
neurobiological models of cognition and emotion.

Clinical implications
While interoceptive sensibility leads to an increased expe-

rience of direct retrieval, interoceptive insensibility may
impair the ability to make judgments about the retrieval

of autobiographical cognitions more broadly and future
research may investigate relationships between interocep-
tive awareness and the experience of memory intrusions,
flashback, hallucinations or other forms of spontaneous
autobiographical cognition. Difficulties in regulating inter-
oception are evident in anxiety-related disorders (New-
man et al., 2013; Paulus et al., 2019). As such, interocep-
tive interventions may help to reduce intrusive symptoms,
which often involve unwanted involuntary memory retrieval
(Brewin et al., 2010; Clark, 2005). Interoceptive exposure is
often used in behavior therapy, commonly applied to panic
disorder, but has recently also been shown to reduce post-
traumatic stress symptoms (Wald & Taylor, 2007, 2008).
Interoceptive interventions may be more effective in prevent-
ing intrusive symptoms across diagnoses than previously
thought. In particular, the results of the present study sug-
gest that a greater understanding of the relationship between
mindful and interoceptive awareness and their respective
relationships to involuntary or direct memory may further
advance our understanding and treatment of intrusive mem-
ory phenomenon in clinical disorders.

Limitations and future directions

Overcoming the limitations of the present study, described
below, constitutes a new research avenue. First, we did not
examine the retrieval mechanism in detail. The pathways
through which memories are brought to consciousness have
a variety of components, including stimuli (cue), physical
reaction, mental imagery, interoception, and emotion, and it
remains unclear which pathway led to each memory recalled
by the participants in this study. Second, we found an associa-
tion between several subscales of MAIA and direct retrieval
judgments in Experiment 1, but did not replicate the results
in Experiment 2, except for emotional awareness. It is prema-
ture to completely dismiss the contribution of other subscales
with these results, and further replication studies are desir-
able. Third, to accumulate evidence for the contribution of
interoception on direct and involuntary retrieval, it is neces-
sary not only to measure interoceptive sensibility with self-
administered scales but also to measure interoceptive accuracy,
such as with the heartbeat counting task (Schandry, 1981),
and to examine the relationship between direct or involun-
tary retrieval and real-time physiological responses (Montoya
et al., 1993). Fourth, we addressed subjective judgments in
voluntary, generative, and direct retrieval, but subjective judg-
ments in involuntary and voluntary retrieval remain unclear.
Researchers could extend the findings of this study to involun-
tary retrieval paradigms, where participants do not receive an
explicit memory prompt (e.g., in a vigilance task; Schlagman
& Kvavilashvili, 2008). Furthermore, latest research raises
questions about the definition of direct retrieval and argues
for the need to separate direct retrieval into automatic and
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generative retrieval-like (Mace et al., 2021). An elaboration of
this construct would better clarify the mental basis of subjec-
tive judgments of the retrieval process. Finally, as the present
study targeted only memories induced by emotional cue words,
the mechanisms for direct and involuntary retrieval without
emotional involvement remain unclear. While emotional cues
are more likely to elicit involuntary retrieval than neutral cues
are (Schlagman & Kvavilashvili, 2008), some involuntarily
retrieved memories are neutral and thus neither positive nor
negative (Kvavilashvili & Schlagman, 2011), and those memo-
ries may not be unexpected or surprising (Mandler, 2007).
Future studies should examine direct and involuntary retrieval
judgments by including neutral words as cues.

Conclusion

This study was a first step in examining the role of intero-
ception on the subjectivity of direct retrieval or involuntary
memory. We demonstrated that individual differences in emo-
tional awareness, a subordinate factor of interoceptive sensibil-
ity, was associated with subjective judgment of direct retrieval.
Furthermore, individuals with more emotional awareness
showed greater retrieval impact (physical reaction and emo-
tional impact), and greater impacts predicted direct retrieval
judgments. The judgment was unable to be accounted for by
other direct retrieval indices such as retrieval latency and cue
concreteness. In terms of the predictive processing framework,
interoceptive prediction error on surprising and unexpected
retrievals that may underlie the retrieval impact led to the sub-
jectivity of direct retrieval. These findings reveal avenues for
future research that include the measurement of physiological
responses and testing with involuntary retrieval tasks.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13421-022-01280-8.

Funding This work was supported by the Japan Society for the Promo-
tion of Science (grant numbers: 18K13344, 18K13377, 21H00947).

Declarations

Conflicts of interest The authors declare no conflicts of interest.

References

Anderson, R. J., Dewhurst, S. A., & Nash, R. A. (2012). Shared cog-
nitive processes underlying past and future thinking: The impact
of imagery and concurrent task demands on event specificity.
Journal of Experimental Psychology: Learning, Memory, and
Cognition, 38, 356-365. https://doi.org/10.1037/a0025451

Anderson, R. J., Dewhurst, S. A., & Dean, G. M. (2017). Direct and
generative retrieval of autobiographical memories: The roles
of visual imagery and executive processes. Consciousness and
Cognition, 49, 163—171. https://doi.org/10.1016/j.concog.2017.
02.010

@ Springer

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L.
(2006). Using self-report assessment methods to explore facets
of mindfulness. Assessment, 13(1), 27-45. https://doi.org/10.
1177/1073191105283504

Baer, R. A., Smith, G. T., Lykins, E., Button, D., Krietemeyer, J.,
Sauer, S., Walsh, E., Duggan, D., & Williams, J. M. G. (2008).
Construct validity of the five facet mindfulness questionnaire
in meditating and nonmeditating samples. Assessment, 15(3),
329-342. https://doi.org/10.1177/1073191107313003

Barr, D. J., Levy, R., Scheepers, C., & Tily, H. J. (2013). Random
effects structure for confirmatory hypothesis testing: Keep it
maximal. Journal of Memory and Language, 68(3), 255-278.
https://doi.org/10.1016/j.jm1.2012.11.001

Barrett, L. F. (2017). The theory of constructed emotion: An active
inference account of interoception and categorization. Social
Cognitive and Affective Neuroscience, 12(1), 1-23. https://doi.
org/10.1093/scan/nsw154

Barrett, L. F., & Simmons, W. K. (2015). Interoceptive predictions
in the brain. Nature reviews. Neuroscience, 16(7), 419-429.
https://doi.org/10.1038/nrn3950

Barrett, L. F., Quigley, K. S., & Hamilton, P. (2016). An active infer-
ence theory of allostasis and interoception in depression. Philo-
sophical Transactions of the Royal Society of London. Series B,
Biological Sciences, 371(1708), 20160011. https://doi.org/10.
1098/rstb.2016.0011

Barron, H. C., Auksztulewicz, R., & Friston, K. (2020). Prediction
and memory: A predictive coding account. Progress in Neu-
robiology, 192, 101821. https://doi.org/10.1016/j.pneurobio.
2020.101821

Barzykowski, K., & Staugaard, S. R. (2016). Does retrieval intentional-
ity really matter? Similarities and differences between involuntary
memories and directly and generatively retrieved voluntary mem-
ories. British Journal of Psychology, 107(3), 519-536. https://doi.
org/10.1111/bjop.12160

Barzykowski, K., & Staugaard, S. R. (2018). How intention and moni-
toring your thoughts influence characteristics of autobiographi-
cal memories. British Journal of Psychology, 109(2), 321-340.
https://doi.org/10.1111/bjop.12259

Barzykowski, K., NiedZwieriska, A., & Mazzoni, G. (2019). How inten-
tion to retrieve a memory and expectation that a memory will
come to mind influence the retrieval of autobiographical memo-
ries, Consciousness and Cognition, 72, 31-48. https://doi.org/10.
1016/j.concog.2019.03.011.

Barzykowski, K., Staugaard, S. R., & Mazzoni, G. (2021). Retrieval
effort or intention: Which is more important for participants' clas-
sification of involuntary and voluntary memories? British Journal
of Psychology, 112(4), 1080-1102. https://doi.org/10.1111/bjop.
12498

Berntsen, D. (1996). Involuntary autobiographical memories. Applied
Cognitive Psychology, 10(5), 435-454.

Berntsen, D. (2010). The Unbidden Past: Involuntary Autobiographical
Memories as a Basic Mode of Remembering. Current Directions
in Psychological Science, 19(3), 138—142. https://doi.org/10.1177/
0963721410370301

Berntsen D. (2021). Involuntary autobiographical memories and their
relation to other forms of spontaneous thoughts. Philosophical
transactions of the Royal Society of London. Series B, 376(1817),
20190693. https://doi.org/10.1098/rstb.2019.0693

Berntsen, D., & Hall, N. M. (2004). The episodic nature of involun-
tary autobiographical memories. Memory and Cognition, 32(5),
789-803. https://doi.org/10.3758/bf03195869

Berntsen, D., Staugaard, S. R., & Sgrensen, L. M. (2013). Why am
I remembering this now? Predicting the occurrence of involun-
tary (spontaneous) episodic memories. Journal of experimental
psychology: General, 142(2), 426-444. https://doi.org/10.1037/
a0029128


https://doi.org/10.3758/s13421-022-01280-8
https://doi.org/10.1037/a0025451
https://doi.org/10.1016/j.concog.2017.02.010
https://doi.org/10.1016/j.concog.2017.02.010
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191107313003
https://doi.org/10.1016/j.jml.2012.11.001
https://doi.org/10.1093/scan/nsw154
https://doi.org/10.1093/scan/nsw154
https://doi.org/10.1038/nrn3950
https://doi.org/10.1098/rstb.2016.0011
https://doi.org/10.1098/rstb.2016.0011
https://doi.org/10.1016/j.pneurobio.2020.101821
https://doi.org/10.1016/j.pneurobio.2020.101821
https://doi.org/10.1111/bjop.12160
https://doi.org/10.1111/bjop.12160
https://doi.org/10.1111/bjop.12259
https://doi.org/10.1016/j.concog.2019.03.011
https://doi.org/10.1016/j.concog.2019.03.011
https://doi.org/10.1111/bjop.12498
https://doi.org/10.1111/bjop.12498
https://doi.org/10.1177/0963721410370301
https://doi.org/10.1177/0963721410370301
https://doi.org/10.1098/rstb.2019.0693
https://doi.org/10.3758/bf03195869
https://doi.org/10.1037/a0029128
https://doi.org/10.1037/a0029128

Memory & Cognition (2022) 50:1644-1663

1661

Bornemann, B., Herbert, B. M., Mehling, W. E., & Singer, T. (2015).
Differential changes in self-reported aspects of interoceptive
awareness through 3 months of contemplative training. Fron-
tiers in Psychology, 5, 1504. https://doi.org/10.3389/fpsyg.
2014.01504

Brewin, C. R., Gregory, J. D., Lipton, M., & Burgess, N. (2010). Intru-
sive images in psychological disorders: characteristics, neural
mechanisms, and treatment implications. Psychological Review,
117(1), 210-232. https://doi.org/10.1037/a0018113

Brown, V. A. (2021). An Introduction to Linear Mixed-Effects Mod-
eling in R. Advances in Methods and Practices in Psychological
Science. https://doi.org/10.1177/2515245920960351

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present:

mindfulness and its role in psychological well-being. Journal of

Personality and Social Psychology, 84(4), 822-848. https://doi.
org/10.1037/0022-3514.84.4.822

Cabeza, R., & St. Jacques, P. (2007). Functional neuroimaging of
autobiographical memory. Trends in Cognitive Sciences, 11(5),
219-227. https://doi.org/10.1016/j.tics.2007.02.005

Clark, D. A. (Ed.). (2005). Intrusive thoughts in clinical disorders:
Theory, research, and treatment. Guilford Press.

Conway, M. A. (2005). Memory and the self. Journal of Memory and
Language, 53(4), 594-628. https://doi.org/10.1016/j.jml1.2005.
08.005

Conway, M. A., & Pleydell-Pearce, C. W. (2000). The construction of
autobiographical memories in the self-memory system. Psycho-
logical Review, 107(2), 261-288. https://doi.org/10.1037/0033-
295X.107.2.261

Craig, A. D. (2002). How do you feel? Interoception: the sense of the
physiological condition of the body. Nature reviews. Neurosci-
ence, 3(8), 655-666. https://doi.org/10.1038/nrn894

Craig, A. D. (2009). How do you feel--now? The anterior insula and
human awareness. Nature reviews. Neuroscience, 10(1), 59-70.
https://doi.org/10.1038/nrn2555

Critchley, H. D., & Garfinkel, S. N. (2017). Interoception and emo-
tion. Current Opinion in Psychology, 17, 7-14. https://doi.org/
10.1016/j.copsyc.2017.04.020

Damasio, A. R., Grabowski, T. J., Bechara, A., Damasio, H., Ponto,
L. L., Parvizi, J., & Hichwa, R. D. (2000). Subcortical and corti-
cal brain activity during the feeling of self-generated emotions.
Nature Neuroscience, 3(10), 1049-1056. https://doi.org/10.1038/
79871

de Jong, M., Lazar, S. W., Hug, K., Mehling, W. E., Holzel, B. K.,
Sack, A. T., Peeters, F., Ashih, H., Mischoulon, D., & Gard, T.
(2016). Effects of Mindfulness-Based Cognitive Therapy on Body
Awareness in Patients with Chronic Pain and Comorbid Depres-
sion. Frontiers in Psychology, 7, 967. https://doi.org/10.3389/
fpsyg.2016.00967

Debeer, E., Hermans, D., & Raes, F. (2009). Associations between
components of rumination and autobiographical memory speci-
ficity as measured by a Minimal Instructions Autobiographical
Memory Test. Memory, 17(8), 892-903. https://doi.org/10.1080/
09658210903376243

Del Palacio-Gonzalez, A., Berntsen, D., & Watson, L. A. (2017).
Emotional intensity and emotion regulation in response to
autobiographical memories during dysphoria. Cognitive
Therapy and Research, 41, 530-542. https://doi.org/10.1007/
s10608-017-9841-1

Eade, J., Healy, H., Williams, J. M. G., Chan, S., Crane, C., & Barn-
hofer, T. (2006). Retrieval of autobiographical memories: The
mechanisms and consequences of truncated search. Cognition
and Emotion, 20, 351-382. https://doi.org/10.1080/0269993050
0342522

Ehlers, A., Suendermann, O., Boellinghaus, I., Vossbeck-Elsebusch,
A., Gamer, M., Briddon, E., Martin, M. W., & Glucksman, E.
(2010). Heart rate responses to standardized trauma-related

pictures in acute posttraumatic stress disorder. International Jour-
nal of Psychophysiology, 78(1), 27-34. https://doi.org/10.1016/j.
ijpsycho.2010.04.009

Fissler, M., Winnebeck, E., Schroeter, T., Gummersbach, M., Hunten-
burg, J. M., Gaertner, M., & Barnhofer, T. (2016). An investiga-
tion of the effects of brief mindfulness training on self-reported
interoceptive awareness, the ability to decenter, and their role in
the reduction of depressive symptoms. Mindfulness, 7(5), 1170-
1181. https://doi.org/10.1007/s12671-016-0559-z

Fujino, M., Kajimura, S., & Nomura, M. (2015). Development and Val-
idation of the Japanese Version of the Mindful Attention Aware-
ness Scale Using Item Response Theory Analysis [In Japanese].
Japanese Journal of Personality, 24(1), 61-76.

Garfinkel, S. N., Seth, A. K., Barrett, A. B., Suzuki, K., & Critchley, H.
D. (2015). Knowing your own heart: distinguishing interoceptive
accuracy from interoceptive awareness. Biological Psychology,
104, 65-74. https://doi.org/10.1016/j.biopsycho.2014.11.004

Gibson J. (2019). Mindfulness, Interoception, and the Body: A Con-
temporary Perspective. Frontiers in Psychology, 10, 2012. https://
doi.org/10.3389/fpsyg.2019.02012

Hall, N. M., Gjedde, A., & Kupers, R. (2008). Neural mechanisms
of voluntary and involuntary recall: A PET study. Behavioural
Brain Research, 186(2), 261-272. https://doi.org/10.1016/].bbr.
2007.08.026

Haque, S., & Conway, M. A. (2001). Sampling the process of autobiographi-
cal memory construction. European Journal of Cognitive Psychology,
13(4), 529-547. https://doi.org/10.1080/09541440042000160

Harris, C. B., & Berntsen, D. (2019). Direct and generative autobio-
graphical memory retrieval: How different are they?. Conscious-
ness and Cognition, 74, 102793. https://doi.org/10.1016/j.concog.
2019.102793

Hauer, B.J. A., Wessel, L., Geraerts, E., Merckelbach, H., & Dalgleish,
T. (2008). Autobiographical memory specificity after manipulat-
ing retrieval cues in adults reporting childhood sexual abuse. Jour-
nal of Abnormal Psychology, 117, 444—453. https://doi.org/10.
1037/0021-843X.117.2.444

Heeren, A., Van Broeck, N., & Philippot, P. (2009). The effects of
mindfulness on executive processes and autobiographical memory
specificity. Behaviour Research and Therapy, 47(5), 403—409.
https://doi.org/10.1016/j.brat.2009.01.017

Holmes, E. A., & Mathews, A. (2010). Mental imagery in emotion and
emotional disorders. Clinical Psychology Review, 30(3), 349-362.
https://doi.org/10.1016/j.cpr.2010.01.001

Isham, A.E., del Palacio-Gonzalez, A. & Dritschel, B. (2020). Trait
Mindfulness and Emotion Regulation upon Autobiographical
Memory Retrieval during Depression Remission. Mindfulness,
11, 2828-2840. https://doi.org/10.1007/s12671-020-01494-4

Janssen, S., Foo, A., Johnson, S. N., Lim, A., & Satel, J. (2021). Look-
ing at remembering: Eye movements, pupil size, and autobio-
graphical memory. Consciousness and Cognition, 89, 103089.
https://doi.org/10.1016/j.concog.2021.103089

Kenny, D. A., & la Voie, L. (1985). Separating individual and group
effects. Journal of Personality and Social Psychology, 48(2), 339—
348. https://doi.org/10.1037/0022-3514.48.2.339

Khalsa, S. S., Adolphs, R., Cameron, O. G., Critchley, H. D., Dav-
enport, P. W., Feinstein, J. S., Feusner, J. D., Garfinkel, S. N.,
Lane, R. D., Mehling, W. E., Meuret, A. E., Nemeroff, C. B.,
Oppenheimer, S., Petzschner, F. H., Pollatos, O., Rhudy, J. L.,
Schramm, L. P., Simmons, W. K., Stein, M. B., Stephan, K. E.,
... Interoception Summit 2016 participants. (2018). Interoception
and Mental Health: A Roadmap. Biological Psychiatry: Cognitive
Neuroscience and Neuroimaging, 3(6), 501-513. https://doi.org/
10.1016/j.bpsc.2017.12.004

Kirk, U., & Montague, P. R. (2015). Mindfulness meditation modulates
reward prediction errors in a passive conditioning task. Frontiers
in Psychology, 6, 90. https://doi.org/10.3389/fpsyg.2015.00090

@ Springer


https://doi.org/10.3389/fpsyg.2014.01504
https://doi.org/10.3389/fpsyg.2014.01504
https://doi.org/10.1037/a0018113
https://doi.org/10.1177/2515245920960351
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1016/j.tics.2007.02.005
https://doi.org/10.1016/j.jml.2005.08.005
https://doi.org/10.1016/j.jml.2005.08.005
https://doi.org/10.1037/0033-295X.107.2.261
https://doi.org/10.1037/0033-295X.107.2.261
https://doi.org/10.1038/nrn894
https://doi.org/10.1038/nrn2555
https://doi.org/10.1016/j.copsyc.2017.04.020
https://doi.org/10.1016/j.copsyc.2017.04.020
https://doi.org/10.1038/79871
https://doi.org/10.1038/79871
https://doi.org/10.3389/fpsyg.2016.00967
https://doi.org/10.3389/fpsyg.2016.00967
https://doi.org/10.1080/09658210903376243
https://doi.org/10.1080/09658210903376243
https://doi.org/10.1007/s10608-017-9841-1
https://doi.org/10.1007/s10608-017-9841-1
https://doi.org/10.1080/02699930500342522
https://doi.org/10.1080/02699930500342522
https://doi.org/10.1016/j.ijpsycho.2010.04.009
https://doi.org/10.1016/j.ijpsycho.2010.04.009
https://doi.org/10.1007/s12671-016-0559-z
https://doi.org/10.1016/j.biopsycho.2014.11.004
https://doi.org/10.3389/fpsyg.2019.02012
https://doi.org/10.3389/fpsyg.2019.02012
https://doi.org/10.1016/j.bbr.2007.08.026
https://doi.org/10.1016/j.bbr.2007.08.026
https://doi.org/10.1080/09541440042000160
https://doi.org/10.1016/j.concog.2019.102793
https://doi.org/10.1016/j.concog.2019.102793
https://doi.org/10.1037/0021-843X.117.2.444
https://doi.org/10.1037/0021-843X.117.2.444
https://doi.org/10.1016/j.brat.2009.01.017
https://doi.org/10.1016/j.cpr.2010.01.001
https://doi.org/10.1007/s12671-020-01494-4
https://doi.org/10.1016/j.concog.2021.103089
https://doi.org/10.1037/0022-3514.48.2.339
https://doi.org/10.1016/j.bpsc.2017.12.004
https://doi.org/10.1016/j.bpsc.2017.12.004
https://doi.org/10.3389/fpsyg.2015.00090

1662

Memory & Cognition (2022) 50:1644-1663

Kirk, U., Pagnoni, G., Hétu, S., & Montague, P. R. (2019). Short-term
mindfulness practice attenuates reward prediction errors signals
in the brain. Scientific Reports, 9, 6964. https://doi.org/10.1038/
$41598-019-43474-2

Koenig, S., Uengoer, M., & Lachnit, H. (2018). Pupil dilation indi-
cates the coding of past prediction errors: Evidence for attentional
learning theory. Psychophysiology, 55(4), https://doi.org/10.1111/
psyp-13020

Kube, T., Berg, M., Kleim, B., & Herzog, P. (2020a). Rethinking post-
traumatic stress disorder - A predictive processing perspective.
Neuroscience and Biobehavioral Reviews, 113, 448-460. https://
doi.org/10.1016/j.neubiorev.2020.04.014

Kube, T., Schwarting, R., Rozenkrantz, L., Glombiewski, J. A., & Rief,
W. (2020b). Distorted Cognitive Processes in Major Depression:
A Predictive Processing Perspective. Biological Psychiatry, 87(5),
388-398. https://doi.org/10.1016/j.biopsych.2019.07.017

Kvavilashvili, L., & Schlagman, S. (2011). Involuntary autobiographi-
cal memories in dysphoric mood: a laboratory study. Memory,
19(4), 331-345. https://doi.org/10.1080/09658211.2011.568495

Kvavilashvili, L., NiedZzwienska, A., Gilbert, S. J., & Markostamou, I.
(2020). Deficits in Spontaneous Cognition as an Early Marker of
Alzheimer's Disease. Trends in Cognitive Sciences, 24(4), 285—
301. https://doi.org/10.1016/j.tics.2020.01.005

Lutz, A., Slagter, H. A, Dunne, J. D., & Davidson, R. J. (2008). Atten-
tion regulation and monitoring in meditation. Trends in Cognitive
Sciences, 12(4), 163-169. https://doi.org/10.1016/j.tics.2008.01.
005

Mace, J. H., Petersen, E. P., & Kruchten, E. A. (2021). Elucidating the
mental processes underlying the direct retrieval of autobiographi-
cal memories. Consciousness and Cognition, 94, 103190. https://
doi.org/10.1016/j.concog.2021.103190

Mandler, G. (2007). Involuntary memories: Variations on the unex-
pected. In J. H. Mace (Ed.), Involuntary memory (pp. 208-223).
Blackwell publishing.

Matsumoto, N., & Mochizuki, S. (2017). Effects of self-relevant cues
and cue valence on autobiographical memory specificity in dys-
phoria. Cognition and Emotion, 31(3), 607-615. https://doi.org/
10.1080/02699931.2015.1129312

Matsumoto, N., & Mochizuki, S. (2019). Retrieval process of overgen-
eral memory and the capture and executive control hypothesis:
using Autobiographical Memory Test with thought sampling.
Memory, 27(5), 673-685. https://doi.org/10.1080/09658211.
2018.1552708

Matsumoto, N., Takahashi, Y., & Kawaguchi, J. (2020). Increased
direct retrieval of overgeneral categoric memory in individu-
als with dysphoria and a history of major depression. Cognitive
Therapy and Research, 44(3), 483—-498. https://doi.org/10.1007/
$10608-020-10079-3

Matuschek, H., Kliegl, R., Vasishth, S., Baayen, H., & Bates, D.
(2017). Balancing Type I error and power in linear mixed models.
Journal of Memory and Language, 94, 305-315. https://doi.org/
10.1016/j.jm1.2017.01.001.

Mehling W. (2016). Differentiating attention styles and regulatory
aspects of self-reported interoceptive sensibility. Philosophical
Transactions of the Royal Society of London. Series B, Biologi-
cal Sciences, 371(1708), 20160013. https://doi.org/10.1098/rstb.
2016.0013

Mehling, W. E., Price, C., Daubenmier, J. J., Acree, M., Bartmess, E.,
& Stewart, A. (2012). The Multidimensional Assessment of Inter-
oceptive Awareness (MAIA). PloS One, 7(11), e48230. https://
doi.org/10.1371/journal.pone.0048230

Montoya, P., Schandry, R., & Miiller, A. (1993). Heartbeat evoked
potentials (HEP): topography and influence of cardiac awareness
and focus of attention. Electroencephalography and Clinical
Neurophysiology, 88(3), 163—172. https://doi.org/10.1016/0168-
5597(93)90001-6

@ Springer

Murayama, K., Sakaki, M., Yan, V. X., & Smith, G. M. (2014). Type 1
error inflation in the traditional by-participant analysis to metam-
emory accuracy: A generalized mixed-effects model perspective.
Journal of Experimental Psychology: Learning, Memory, and
Cognition, 40(5), 1287-1306. https://doi.org/10.1037/a0036914

Nakagawa, S., Johnson, P., & Schielzeth, H. (2017). The coefficient of
determination R2 and intra-class correlation coefficient from gen-
eralized linear mixed-effects models revisited and expanded. Jour-
nal of the Royal Society, Interface, 14(134),20170213. https://doi.
org/10.1098/rsif.2017.0213

Newman, M. G., Llera, S. J., Erickson, T. M., Przeworski, A., &
Castonguay, L. G. (2013). Worry and generalized anxiety dis-
order: A review and theoretical synthesis of evidence on nature,
etiology, mechanisms, and treatment. Annual Review of Clinical
Psychology, 9, 275-297. https://doi.org/10.1146/annurev-clinp
sy-050212-185544

Paulus, M. P., Feinstein, J. S., & Khalsa, S. S. (2019). An Active Infer-
ence Approach to Interoceptive Psychopathology. Annual Review
of Clinical Psychology, 15,97-122. https://doi.org/10.1146/annur
ev-clinpsy-050718-095617

Raffone, A., & Srinivasan, N. (2010). The exploration of meditation in
the neuroscience of attention and consciousness. Cognitive Pro-
cessing, 11(1), 1-7. https://doi.org/10.1007/s10339-009-0354-z

Rainville, P., Bechara, A., Naqvi, N., & Damasio, A. R. (2006). Basic
emotions are associated with distinct patterns of cardiorespiratory
activity. International Journal of Psychophysiology, 61(1), 5-18.
https://doi.org/10.1016/j.ijpsycho.2005.10.024

Rasmussen, K. W., & Berntsen, D. (2014). “I can see clearly now”:
The effect of cue imageability on mental time travel. Mem-
ory and Cognition, 42(7), 1063—1075. https://doi.org/10.3758/
s13421-014-0414-1

Sanson, M., Cardwell, B. A., Rasmussen, A. S., & Garry, M. (2020).
Evidence That “Voluntary” Versus “Involuntary” Retrieval Is a
Fluency-Based Attribution. Psychological Reports, 123(1), 141—
158. https://doi.org/10.1177/0033294119854180

Schacter, D. L., & Addis, D. R. (2007). The cognitive neuroscience of
constructive memory: remembering the past and imagining the
future. Philosophical Transactions of the Royal Society of London.
Series B, Biological Sciences, 362(1481), 773-786. https://doi.
org/10.1098/rstb.2007.2087

Schandry R. (1981). Heart beat perception and emotional experience.
Psychophysiology, 18(4), 483—488. https://doi.org/10.1111/j.
1469-8986.1981.tb02486.x

Schlagman, S., & Kvavilashvili, L. (2008). Involuntary autobiographi-
cal memories in and outside the laboratory: how different are they
from voluntary autobiographical memories? Memory and Cogni-
tion, 36(5), 920-932. https://doi.org/10.3758/mc.36.5.920

Seth, A. K., & Friston, K. J. (2016). Active interoceptive inference
and the emotional brain. Philosophical Transactions of the Royal
Society of London. Series B, Biological Sciences, 371(1708),
20160007. https://doi.org/10.1098/rstb.2016.0007

Shoji, M., Mehling, W. E., Hautzinger, M., & Herbert, B. M. (2018).
Investigating Multidimensional Interoceptive Awareness in a
Japanese Population: Validation of the Japanese MAIA-J. Fron-
tiers in Psychology, 9, 1855. https://doi.org/10.3389/fpsyg.2018.
01855

St. Jacques, P. L., & Cabeza, R. (2012). Neural basis of autobiographi-
cal memory. In S. Ghetti & P. J. Bauer (Eds.), Origins and devel-
opment of recollection: Perspectives from psychology and neuro-
science (pp. 188-218). Oxford University Press. https://doi.org/
10.1093/acprof:050/9780195340792.003.0008

Todd, J., Barron, D., Aspell, J. E., Toh, E., Zahari, H. S., Khatib, N., &
Swami, V. (2020). Translation and validation of a Bahasa Malay-
sia (Malay) version of the Multidimensional Assessment of Intero-
ceptive Awareness (MAIA). PloS One, 15(4), €0231048. https://
doi.org/10.1371/journal.pone.0231048


https://doi.org/10.1038/s41598-019-43474-2
https://doi.org/10.1038/s41598-019-43474-2
https://doi.org/10.1111/psyp.13020
https://doi.org/10.1111/psyp.13020
https://doi.org/10.1016/j.neubiorev.2020.04.014
https://doi.org/10.1016/j.neubiorev.2020.04.014
https://doi.org/10.1016/j.biopsych.2019.07.017
https://doi.org/10.1080/09658211.2011.568495
https://doi.org/10.1016/j.tics.2020.01.005
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.concog.2021.103190
https://doi.org/10.1016/j.concog.2021.103190
https://doi.org/10.1080/02699931.2015.1129312
https://doi.org/10.1080/02699931.2015.1129312
https://doi.org/10.1080/09658211.2018.1552708
https://doi.org/10.1080/09658211.2018.1552708
https://doi.org/10.1007/s10608-020-10079-3
https://doi.org/10.1007/s10608-020-10079-3
https://doi.org/10.1016/j.jml.2017.01.001
https://doi.org/10.1016/j.jml.2017.01.001
https://doi.org/10.1098/rstb.2016.0013
https://doi.org/10.1098/rstb.2016.0013
https://doi.org/10.1371/journal.pone.0048230
https://doi.org/10.1371/journal.pone.0048230
https://doi.org/10.1016/0168-5597(93)90001-6
https://doi.org/10.1016/0168-5597(93)90001-6
https://doi.org/10.1037/a0036914
https://doi.org/10.1098/rsif.2017.0213
https://doi.org/10.1098/rsif.2017.0213
https://doi.org/10.1146/annurev-clinpsy-050212-185544
https://doi.org/10.1146/annurev-clinpsy-050212-185544
https://doi.org/10.1146/annurev-clinpsy-050718-095617
https://doi.org/10.1146/annurev-clinpsy-050718-095617
https://doi.org/10.1007/s10339-009-0354-z
https://doi.org/10.1016/j.ijpsycho.2005.10.024
https://doi.org/10.3758/s13421-014-0414-1
https://doi.org/10.3758/s13421-014-0414-1
https://doi.org/10.1177/0033294119854180
https://doi.org/10.1098/rstb.2007.2087
https://doi.org/10.1098/rstb.2007.2087
https://doi.org/10.1111/j.1469-8986.1981.tb02486.x
https://doi.org/10.1111/j.1469-8986.1981.tb02486.x
https://doi.org/10.3758/mc.36.5.920
https://doi.org/10.1098/rstb.2016.0007
https://doi.org/10.3389/fpsyg.2018.01855
https://doi.org/10.3389/fpsyg.2018.01855
https://doi.org/10.1093/acprof:oso/9780195340792.003.0008
https://doi.org/10.1093/acprof:oso/9780195340792.003.0008
https://doi.org/10.1371/journal.pone.0231048
https://doi.org/10.1371/journal.pone.0231048

Memory & Cognition (2022) 50:1644-1663

1663

Tulving E. (2002). Episodic memory: from mind to brain. Annual
Review of Psychology, 53, 1-25. https://doi.org/10.1146/annur
ev.psych.53.100901.135114

Umeda, S., Tochizawa, S., Shibata, M., & Terasawa, Y. (2016). Pro-
spective memory mediated by interoceptive accuracy: a psycho-
physiological approach. Philosophical Transactions of the Royal
Society of London. Series B, Biological Sciences, 371(1708),
20160005. https://doi.org/10.1098/rstb.2016.0005

Uzer, T. (2016). Retrieving autobiographical memories: How different
retrieval strategies associated with different cues explain reaction
time differences. Acta Psychologica, 164, 144—150. https://doi.
org/10.1016/j.actpsy.2016.01.004

Uzer, T., & Brown, N. R. (2017). The effect of cue content on retrieval
from autobiographical memory. Acta Psychologica, 172, 84-91.
https://doi.org/10.1016/j.actpsy.2016.11.012

Uzer, T., Lee, P. J., & Brown, N. R. (2012). On the prevalence of
directly retrieved autobiographical memories. Journal of Experi-
mental Psychology: Learning, Memory and Cognition, 38, 1296—
1308. https://doi.org/10.1037/a0028142

Wald, J., & Taylor, S. (2007). Efficacy of interoceptive exposure ther-
apy combined with trauma-related exposure therapy for posttrau-
matic stress disorder: A pilot study. Journal of Anxiety Disorders,
21, 1050-1060.

Wald, J., & Taylor, S. (2008). Responses to interoceptive exposure in
people with posttraumatic stress disorder (PTSD): A preliminary
analysis of induced anxiety reactions and trauma memories and
their relationship to anxiety sensitivity and PTSD symptom sever-
ity. Cognitive Behaviour Therapy, 37(2), 90-100.

Wang, C. A., Baird, T., Huang, J., Coutinho, J. D., Brien, D. C., &
Munoz, D. P. (2018). Arousal Effects on Pupil Size, Heart Rate,

and Skin Conductance in an Emotional Face Task. Frontiers in
Neurology, 9, 1029. https://doi.org/10.3389/fneur.2018.01029

Watson, L. A., Berntsen, D., Kuyken, W., & Watkins, E. R. (2012).
The characteristics of involuntary and voluntary autobiographi-
cal memories in depressed and never depressed individuals. Con-
sciousness and Cognition, 21(3), 1382-1392. https://doi.org/10.
1016/j.concog.2012.06.016

Williams, J. M. G. & Broadbent, K. (1986). Autobiographical memory
in attempted suicide patients. Journal of Abnormal Psychology,
95, 144-149. https://doi.org/10.1037/0021-843X.95.2.144

Williams, J. M. G., Healy, H. G., & Ellis, N. C. (1999). The effect of
imageability and predicability of cues in autobiographical mem-
ory. The Quarterly Journal of Experimental Psychology Section
A, 52, 555-579. https://doi.org/10.1080/713755828

Williams, J. M. G., Teasdale, J. D., Segal, Z. V., & Soulsby, J. (2000).
Mindfulness-based cognitive therapy reduces overgeneral auto-
biographical memory in formerly depressed patients. Journal of
Abnormal Psychology, 109(1), 150-155. https://doi.org/10.1037/
0021-843X.109.1.150

Williams, J. M., Barnhofer, T., Crane, C., Herman, D., Raes, F.,
Watkins, E., & Dalgleish, T. (2007). Autobiographical memory
specificity and emotional disorder. Psychological Bulletin, 133(1),
122-148. https://doi.org/10.1037/0033-2909.133.1.122

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1146/annurev.psych.53.100901.135114
https://doi.org/10.1146/annurev.psych.53.100901.135114
https://doi.org/10.1098/rstb.2016.0005
https://doi.org/10.1016/j.actpsy.2016.01.004
https://doi.org/10.1016/j.actpsy.2016.01.004
https://doi.org/10.1016/j.actpsy.2016.11.012
https://doi.org/10.1037/a0028142
https://doi.org/10.3389/fneur.2018.01029
https://doi.org/10.1016/j.concog.2012.06.016
https://doi.org/10.1016/j.concog.2012.06.016
https://doi.org/10.1037/0021-843X.95.2.144
https://doi.org/10.1080/713755828
https://doi.org/10.1037/0021-843X.109.1.150
https://doi.org/10.1037/0021-843X.109.1.150
https://doi.org/10.1037/0033-2909.133.1.122

	Subjective judgments on direct and generative retrieval of autobiographical memory: The role of interoceptive sensibility and emotion
	Abstract
	Introduction
	Distinguishing between direct and generative retrieval
	Interoception and the subjective retrieval process
	Individual differences in internal awareness
	The present study

	Experiment 1
	Materials and methods
	Participants
	MAAS
	MAIA
	AMT
	Procedure
	Statistical analysis

	Results
	Preliminary analysis
	Descriptive statistics and multilevel correlations
	Subjective judgments on retrieval process

	Discussion

	Experiment 2
	Materials and methods
	Participants
	Questionnaires
	Memory characteristics questionnaire
	AMT
	Statistical analysis

	Results
	Preliminary analyses
	Descriptive statistics and correlations
	Subjective judgments on retrieval process
	Multilevel mediation analysis

	Discussion

	General discussion
	Theoretical implications
	Clinical implications
	Limitations and future directions
	Conclusion

	References




