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A B S T R A C T

Spatial context can serve as a powerful cue for episodic memory. In daily life, we encounter locations varying in
familiarity that may trigger different forms of memory retrieval. While previous research on autobiographical
memory suggests that more familiar landmarks cue more detailed memories, theories such as cue overload
predict that less familiar cues will more reliably trigger specific memory retrieval. It is therefore possible that
more and less familiar cues will differentially elicit more generalized and specific memories, respectively. In this
series of studies, we develop a novel paradigm for eliciting spontaneous memory retrieval based on real-world
spatial contexts varying in familiarity. We found evidence that more familiar contexts generally lead to higher
rates of spontaneous memory retrieval for semantic and generalized memories, but that episodic memories are
more frequently retrieved for less familiar cues. These patterns demonstrate how related memories lead to the
formation of more generalized representations over time, while memories with fewer associates remain episodic.
We discuss these findings in relation to those obtained in a version of the study in which participants were
instructed to retrieve thoughts. Together these findings provide novel insight into the dynamics of context fa-
miliarity and memory retrieval in a naturalistic autobiographical memory paradigm.

1. Introduction

Spatial context is a ubiquitous feature of episodic memory. In ev-
eryday life, spatial context is often complex, dynamic, and serves as a
potent cue for memory retrieval. For example, walking by a movie
theatre may remind you of the last movie you saw there, make you
think of what movies are currently playing, or trigger thoughts about
when you might go there next. While the role of spatial context in
memory retrieval has been extensively studied in the laboratory (Smith
& Vela, 2001), only a handful of studies examine the influence of
complex, naturalistic contextual cues on real-world memories. In the
present study, we used a novel, naturalistic paradigm to examine the
relationship between the familiarity of real-world spatial contexts and
the frequency and types of memories retrieved based on those contexts.

Studies examining the role of contextual familiarity on memory and
imagination have consistently found that more familiar contexts facil-
itate aspects of memory retrieval and event imagination (Arnold,
McDermott, & Szpunar, 2011; D’Argembeau, Ortoleva, Jumentier, &
Van der Linden, 2010; de Vito, Gamboz, & Brandimonte, 2012;
McLelland, Devitt, Schacter, & Addis, 2015; Robin & Moscovitch, 2014,

2017b; Robin, Wynn, & Moscovitch, 2016; Szpunar & McDermott,
2008). Remembered and imagined events set in more familiar contexts
are more detail-rich and more vividly experienced than those in less
familiar, or unfamiliar, contexts (Arnold et al., 2011; D’Argembeau &
Van der Linden, 2012; de Vito et al., 2012; McLelland et al., 2015;
Robin & Moscovitch, 2014, 2017b; Robin et al., 2016; Szpunar &
McDermott, 2008). These effects have been hypothesized to relate to
the role of spatial context serving as a scaffold for episodic memory and
imagination, wherein a stronger scaffold provides support for more
detailed and vivid events (Hassabis & Maguire, 2007, 2009; Nadel,
1991; O’Keefe & Nadel, 1978; Robin & Moscovitch, 2014, 2017b; Robin
et al., 2016). These effects are also consistent with the encoding spe-
cificity principle, which predicts that a greater match between a cue
and a stored memory will increase the probability of retrieval success
(Tulving & Thomson, 1973; Wiseman & Tulving, 1976). Thus, a more
familiar context may have a richer representation in memory, which
provides a better match to a cue and elicits more robust memory recall
or event imagination.

Familiar spatial contexts may serve as particularly effective cues for
triggering spontaneous memory retrieval, but this relationship has yet
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to be explored directly. Spontaneous memories, or more specifically,
involuntary autobiographical memories (IAMs) are memories of per-
sonal events that come to mind with no deliberate attempt at retrieval,
and are a frequent occurrence in daily life (Berntsen, 1998, 2007, 2010;
Rasmussen & Berntsen, 2011). Early studies of IAMs relied on diary
procedures, but more recent research has developed ways of measuring
and eliciting IAMs in the laboratory to explore which factors modulate
the retrieval of spontaneous memory (Barzykowski & Niedźwieńska,
2016; Barzykowski & Staugaard, 2017; Berntsen, Staugaard, &
Sørensen, 2013; Mace, 2005; Mace, 2006; Schlagman & Kvavilashvili,
2008; Vannucci, Batool, Pelagatti, & Mazzoni, 2014). This research has
demonstrated that factors such as instructions, attention, priming and
cue types can all affect the frequency and characteristics of involuntary
memories. In particular, distinctive external cues, peripheral to an
event, are thought to elicit spontaneous autobiographical memories
more reliably, which tend to be clearer and more vivid than voluntarily
retrieved memories (Barzykowski & Niedźwieńska, 2016; Berntsen,
2007; Berntsen & Hall, 2004; Schlagman, Schulz, & Kvavilashvili, 2006;
Wagenaar, 1986). Thus, studying spontaneous memories elicited by
spatial context may provide insight into how spatial context supports
episodic memory and serves as a frequent cue for involuntary auto-
biographical memory retrieval. Given past findings that spatial context
is especially effective in retrieving memories for events voluntarily, we
predicted that it may play a similar role in involuntary retrieval.

Previous research documenting the cue overload or fan effect
(Anderson & Reder, 1999; Watkins & Watkins, 1975) predicts that “the
probability of recalling an item declines with the number of items
subsumed by its functional retrieval cue” (Watkins & Watkins, 1975).
Thus, a more familiar context, with numerous associations stored in
memory, would be predicted to be a less effective memory cue, as a
result of the interference between its associated memories or, alter-
natively, as a result of diminished distinctiveness of the cue and/or
related memories (Hunt & Smith, 1996; Mäntylä & Nilsson, 1988;
Moscovitch & Craik, 1976; Talmi & Moscovitch, 2004; Wagenaar,
1986). A study of involuntary memory retrieval found evidence con-
sistent with this prediction, with cues having fewer associations being
more likely to elicit spontaneous retrieval of these associations
(Berntsen et al., 2013). In this series of experiments, participants
learned associations between sound cues and pictures in the lab, in
which each of the sound cues and pictures were either unique or re-
peated. Later, participants completed an involuntary retrieval task in
which sound cues were played in the context of another task, but par-
ticipants were asked to report if any pictures spontaneously came to
mind. The highest instance of spontaneous retrieval of the associated
pictures occurred in the condition with a one-to-one (rather than one-
to-many) correspondence between sound and picture. It was also found
that memories retrieved in the condition with repeated cues and scenes
were rated to be less specific and clear than those in the condition with
unique cues and scenes.

Thus, previous studies relating to the cue overload theory suggest
that fewer associations to a cue will more reliably lead to recall of a
specific memory, which would predict that less familiar contexts may be
better cues for specific episodic memories. In contrast, the auto-
biographical memory studies reviewed above suggest that more familiar
cues facilitate voluntary memory retrieval and imagination, leading to
more detailed and vivid memories. Another possibility is that more and
less familiar contexts may cue different types of memories. Less familiar
cues may elicit specific, episodic memories, while more familiar cues
may result in the retrieval of more general or semanticized re-
presentations. As cues become more familiar and gain more associated
memories, there may be a trade-off between the retrieval of specific
episodic memories and more generalized forms of memory, re-
presenting semanticization of associations to the cues or the formation
of schemas related to those episodes. Previous studies that restrict re-
trieval to one type of memory, such as autobiographical episodes or
semantic information are not able to simultaneously measure different

memory types and how these relate to different cues. In order to test
how familiarity with a spatial context affects the frequency and type of
memory retrieval, we designed a novel paradigm to elicit spontaneous
real-world memories and other types of thoughts in response to spatial
contextual cues varying in familiarity.

In this novel paradigm, across three experiments, participants were
shown a series of pictures of well-known landmarks in Toronto. In
Experiment 1 participants were asked to study each scene and later
were asked to answer a question about a visual detail of the scene.
Participants were asked to indicate if they noticed any thoughts that
came to mind while viewing the scene, and to categorize these thoughts
based on their content. The visual memory question served as a cover
task so that memory retrieval was spontaneous and not directed. In
Experiment 2, we replicated the same procedure but participants were
additionally asked to provide verbal descriptions of the thoughts that
came to mind, which were coded and analysed. This addition was made
in order to provide a more objective characterization of the types of
thoughts reported by the participants.

In order to determine if the effects observed in Experiments 1 and 2
were related to the spontaneous nature of the memory retrieval, in
Experiment 3, participants were not asked a visual memory question
and were simply instructed to study the scene and report if it reminded
them of anything. While autobiographical memory retrieval was still
not specifically cued, the retrieval of memories and thoughts related to
the picture was overtly prompted in this experiment, allowing us to
determine if the relationship between context familiarity and memory
retrieval varied based on retrieval mode (Rugg & Wilding, 2000;
Tulving, 1983a; Tulving, 1983b). In all three experiments, participants
completed a second section in which they viewed all the landmarks
again and indicated if they recognized them based on real-world ex-
perience and made familiarity judgments if they did. This procedure
allowed us to assess the occurrence of various thought types, including
memories, in response to real-world spatial contextual cues based on
their familiarity.

We predicted that spatial contexts would reliably elicit spontaneous
autobiographical memories, as well as other types of related thoughts
such as semantic memories and thoughts about the future. We predicted
that more familiar spatial contexts would result in higher rates of re-
lated thoughts, consistent with previous studies of spatial context and
autobiographical memory. However, if the cue overload effect applies
to real-world episodic memory, the occurrence of specific episodic
memories would be expected to be higher in response to spatial loca-
tions that have been visited fewer times. In contrast, memories re-
trieved in response to highly familiar cues would be predicted to reflect
more generalized representations (Berntsen & Hall, 2004). This study
extends and bridges existing literatures by providing insight into the
dynamics of real-world memory retrieval and into how familiarity with
a spatial context affects retrieval. Our findings have theoretical im-
plications regarding the cue overload and fan effects, and help to elu-
cidate how episodic memories may be maintained as episodes or
transformed into more generalized representations.

2. Methods

2.1. Experiment 1

2.1.1. Participants
Thirty young adults (22 female, 8 male; mean age=20.67 years,

SD=3.49, range: 18–30) were recruited through advertisement (and
received $10 CAD/hour as compensation) or through undergraduate
courses (and received course credit) at the Department of Psychology,
University of Toronto. Participants had completed an average of
14.07 years of formal education (SD=2.39), were native or fluent
English speakers, had normal or corrected-to-normal vision and
hearing, and had no history of psychological or neurological disorders.
All participants had lived in Toronto for at least one year
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(mean=12.48, SD=8.81), in order to ensure that they had potentially
had experience with the various landmarks featured in the study, and
had a variety of old and new memories associated with them. All par-
ticipants provided informed consent prior to participating in the ex-
periment, in accordance with the University of Toronto Office of
Research Ethics.

2.1.2. Materials
The experiment was programmed and run with E-Prime 2.0

(Psychology Software Tools, Inc.). The experiment was run on a com-
puter with a 17–in (43.18 cm) CRT monitor set at 1024×768 resolu-
tion. One hundred and five landmarks were chosen based on the
Toronto Public Places Test, and other related studies using Toronto
landmarks (Robin & Moscovitch, 2014, 2017b; Robin et al., 2016;
Rosenbaum, Ziegler, Winocur, Grady, & Moscovitch, 2004). For each
landmark, images were obtained from Google StreetView of the exterior
of the building and its immediate surroundings. Two views of each
landmark were collected. A pilot study was conducted to determine the
most recognizable view, and that image was selected for use in the
present study. Images were resized to 700×400 pixels. Images filled
the screen in the scene study phase and were displayed at 75% size for
the recognition phase. Participants viewed the screen from a distance of
approximately 80 cm.

2.1.3. Procedure
The experiment consisted of two phases: a scene study phase and a

recognition phase. The scene study phase consisted of 105 trials, each
including a picture of a scene from Toronto presented in a continuous
randomized order. Between each trial, a 2-second fixation cross was
displayed. Participants were instructed that they would be presented
with scenes and were instructed to passively view the scene for the 10-
second trial. Participants were told that they would be asked questions
about the scenes later in the experiment.

Crucially, participants were not given explicit instructions to report
on the occurrence of memories, but were asked to press the space bar on
the keyboard when they noticed “any particular thoughts” that came to
mind while looking at the scene. If the participant pressed the space
bar, the trial continued uninterrupted, but was followed by a screen
prompting participants to classify what thoughts came to mind.
Categories included: 1 – knowledge about the location (semantic), 2 –
memory about being in that location (memory), 3 – thoughts about
being there in the future (future), 4 – some combination of 1, 2 and/or 3
(mix), 5 – unrelated memories or thoughts (unrelated), 6 – other un-
related thoughts (other). Categories 5 and 6 both referred to unrelated
thoughts and were grouped together for all analyses. These categories
were presented and explained to participants, with examples, during
the practice session. Following the thought categorization, or im-
mediately following the scene if no thoughts were reported, partici-
pants were asked a question about a visual feature of the scene (e.g.
how many windows were in the scene?). There was a pool of 15 pos-
sible visual questions, of which one was randomly selected on each
trial. The visual memory question served as the cover task to have
participants believe that this was a visual attention and memory ex-
periment, and the main focus was not the spontaneously reported
thoughts. The structure of one trial in which the space bar was pressed
is shown in Fig. 1A.

After the scene study phase, participants completed the scene re-
cognition phase of the experiment. In the scene recognition phase, all
105 scenes were displayed again in a random order and participants
were asked to make a recognition judgment (yes or no) for each scene.
Participants were asked if they recognized the scene based only on their
personal experiences outside the laboratory setting (i.e. not from having
seen these scenes during the scene study phase). If they indicated that
they did not recognize the landmark, the trial ended and proceeded to
the next scene. If participants indicated that they did recognize the
scene, they were asked to rate the landmark according to its familiarity

(1–5 scale, corresponding to “not very familiar” to “extremely fa-
miliar”), and to estimate how many times they had previously visited it
(response options: never, 1–2 times, 3–5 times, 6–10 times, more than
10 times, more than 50 times). If they said they recognized the land-
mark but then chose “never” for the number of visits that landmark was
omitted from the analyses, since we were interested in personally fa-
miliar landmarks. Participants also made a recency judgment, in-
dicating the time of their most recent visit to landmark (response op-
tions: never, within the past week, within the past month, within the
past year, within the past 5 years, more than 5 years ago). Between each
trial, a 2-second fixation cross was displayed. The structure of one trial
in which the landmark was recognized is shown in Fig. 1B.

Prior to each section, participants were given verbal instructions
and detailed explanations of the different response options by the ex-
perimenter. Participants completed three practice trials in the presence
of the experimenter to ensure that they understood the procedure. The
scenes that were used for these trials were from the Greater Toronto
Area (GTA), and were not included as stimuli in the subsequent trials.
In both phases of the experiment, participants were given the oppor-
tunity for a short break after every 30 trials. The entire session lasted
approximately 60–90min depending on the number of thoughts gen-
erated, and the number of landmarks that were recognized. After the
study, participants were asked about what they thought the study hy-
potheses were. Most participants stated that they thought the experi-
ment was examining visual memory for scenes, and no participants
anticipated that the study was examining the rates and types of spon-
taneous thoughts based on the familiarity of the landmarks.

2.2. Experiment 2

2.2.1. Participants
Forty-one young adults were recruited through advertisement or

through undergraduate courses for this version of the experiment. Four
participants were excluded due to computer errors, resulting in 37
participants (26 female, 11 male; mean age=20.81 years, SD=2.85,
range: 18–30). Participants had completed an average of 14.68 years of
formal education (SD=1.53), were native or fluent English speakers,
had normal or corrected-to-normal vision and hearing, and had no
history of psychological or neurological disorders. All participants had
lived in Toronto for at least one year (mean=11.26, SD=7.84). All
participants provided informed consent prior to participating in the
experiment, in accordance with the University of Toronto Office of
Research Ethics.

2.2.2. Procedure
Experiment 2 followed the same procedure as Experiment 1 with the

addition of describing thoughts out loud. Following a scene study trial
in which the space bar was pressed to indicate a thought, participants
were asked to briefly describe the thought that came to mind into a
microphone, and their descriptions were recorded. Descriptions were
recorded for a maximum of 30-seconds per trial. Participants then
proceeded with the trial, completing the thought categorization and
visual memory question before continuing to the next trial. If the space
bar was not pressed, no recording was made.

Descriptions were transcribed and coded according to the types of
thoughts included. A coding scheme was developed based on reading a
subset of the transcripts and classifying the types of categories that were
included. The coding categories determined were similar to the cate-
gories provided to participants in the study, but were more specific, to
better capture the types of thoughts observed in the study. The coding
categories included: landmark identification (ID; naming the building
or location shown in the scene, such as, “that’s Dundas Square”), de-
scription of knowledge about the landmark (DK; any semantic in-
formation relating to the landmark or scene, such as, “that’s where they
have ballet performances”), personal semantic memories relating to the
landmark (PS; statements reflecting autobiographical memory, but not
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specific to a single episode, such as, “I pass by there on my way to
school”), specific memories relating to the landmark (SM; statements
describing specific, personal events at that location, such as, “I went
there to see a movie last week”), unrelated specific memories that did
not take place at or near the landmark (UM; specific, personal events
not at that location), future thoughts (F; statements describing going
there in the future, such as, “I have an exam there next week”); picture
descriptions (PD; statements commenting on visual aspects of the pic-
ture, such as, “there’s a red car parked in front”); and other or unrelated
thoughts (O; any other information that does not fit in the previous
categories, such as, “I can’t remember where this is”). Each trial was
coded according to what categories it included, and could include more
than one of the above categories. Coding for Experiment 2 and 3 was
done by two trained raters. A third independent rater coded 20% of the
transcripts, and achieved good agreement with the raters (agree-
ment= 90%; Cohen’s κ=0.69, p < 0.001).

This version of the experiment lasted approximately 90–120min
depending on the number of thoughts generated, and the number of
landmarks that were recognized. After the study, participants were
asked about what they thought the study hypotheses were. Most par-
ticipants stated that the experiment was examining visual memory for
scenes, and no participants anticipated that the study was examining
the rates and types of spontaneous thoughts based on the familiarity of
the landmarks.

2.3. Experiment 3

2.3.1. Participants
Thirty-five young adults were recruited through advertisement or

through undergraduate courses for this version of the experiment. Four
participants were excluded due to computer errors, resulting in 31
participants (28 female, 3 male; mean age=20.48 years, SD= 3.51,
range: 18–32). Participants had completed an average of 13.77 years of
formal education (SD=1.99), were native or fluent English speakers,
had normal or corrected-to-normal vision and hearing, and had no
history of psychological or neurological disorders. All participants had
lived in Toronto for at least one year (mean=8.47, SD=8.43). All
participants provided informed consent prior to participating in the
experiment, in accordance with the University of Toronto Office of
Research Ethics.

2.3.2. Procedure
Experiment 3 followed the same procedure as Experiment 2, but

with the omission of the visual memory cover task. In this experiment,

participants were instructed that the focus of the study was on what
types of thoughts come to mind when viewing scenes, thus rendering
retrieval more directed compared to the previous two experiments.
Participants were instructed to view each scene for 10 s and to press the
space bar if any thoughts came to mind. If they pressed the space bar,
they were prompted to provide short descriptions of the thoughts and
categorize them, as in Experiment 2. No visual memory question was
posed following the thought categorization. This version of the ex-
periment lasted approximately 90–120min depending on the number
of thoughts generated and the number of landmarks that were re-
cognized.

2.4. Statistical analyses

Data from the three experiments were analysed using mixed
ANOVAs with between-subjects factors of Experiment (E1, E2, E3) and
within-subjects factors of Familiarity or Recency. ANOVAs were cor-
rected for sphericity violations using the Greenhouse-Geisser correc-
tion, when applicable. In these cases, corrected degrees of freedom are
reported. Effect sizes are reported via generalized eta-squared (η2G).
Least-squared means (predicted marginal means) were calculated based
on the factors in the ANOVA models and used to compute post-hoc tests
of significant effects. Post-hoc tests were conducted using Bonferroni-
corrected t-tests or tests of linear contrasts to model linear effects based
on increasing levels of familiarity. Data from the three separate ex-
periments were modelled together using omnibus ANOVAs in order to
test for effects or interactions relating to the experiment version. Post-
hoc tests were conducted, when applicable, on each experiment sepa-
rately in order to test for the presence and replicability of effects across
the three versions of the experiment. Raw data are available on the
Open Science Framework, DOI: 10.17605/OSF.IO/C7KVB (Robin,
Garzon, & Moscovitch, 2019).

We note that sample size varied across the three versions of the
experiment (E1: n= 30; E2: n=37; E3: n= 31). Our target number of
participants for each experiment was 30, based on sample sizes com-
monly used in previous involuntary memory studies (Barzykowski &
Niedźwieńska, 2016, 2018, Barzykowski & Staugaard, 2016, 2017;
Berntsen et al., 2013; Mace, McQueen, Hayslett, Staley, & Welch, 2019;
Schlagman, Kvavilashvili, & Schulz, 2008). Experiment 2 included more
participants (n= 37), which was motivation, in part, for including a
factor of Experiment in all analyses, to test if there were significant
differences between experiment versions that could be attributable to
sample size differences. Due to the open-ended nature of the tasks in
these experiments, the number of participants contributing to each

Fig. 1. Summary of experimental methods.
(A) In the scene study phase, participants
viewed images of landmarks and were in-
structed to study them, reporting if any
thoughts came to mind. If so, participants
indicated the category of the thoughts
(Semantic memory, Autobiographical
memory, Future thoughts, Mix, Unrelated/
Other). In Experiments 1 and 2, participants
then answered a visual memory question
about the scene, which served as the cover
task. In Experiment 3, there was no cover
task or visual memory question. In
Experiments 2 and 3, participants described
their thoughts out loud prior to categorizing
them, and descriptions were recorded and
coded. (B) In the scene recognition phase,
participants viewed landmark images again
and indicated if they recognized the land-
mark based on experiences before the study.

If so, they indicated how familiar they were with the landmark with a subjective rating and by estimating the number of times they had visited it, and how recently
they had visited the landmark.
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analysis varied based on the number of participants who had usable
data in all bins, particularly for the familiarity analyses. Data analysis
was conducted after subject recruitment was finished, so we could not
control how many subjects were included in these analyses. As a result,
we have noted how many participants were included in each analysis
throughout the results section.

3. Results

3.1. Rates of thoughts by landmark familiarity

In these three experiments, participants reported the incidence and
types of thoughts that came to mind while they viewed landmarks
varying in personal familiarity. Thoughts could include memories, se-
mantic information, thoughts about the future, and any other or un-
related content that came to mind. We first compared the proportion of
trials in which any thought was reported, according to whether the
landmark was later recognized or not. A 3× 2 mixed ANOVA with a
between-subjects factor of Experiment (E1, E2, E3) and a within-sub-
jects factor of Landmark Recognition (Recognized, Not recognized)
revealed a strong significant main effect of Landmark Recognition F(1,
95)= 355.24, p < 0.0001, η2G=0.503, and a significant main effect
of Experiment F(2, 95)= 3.61, p= 0.03, η2G=0.052, with no sig-
nificant interaction, F(2, 95)= 0.87, p=0.42. The main effect of
Landmark Recognition reflected significantly higher proportions of
trials with thoughts reported when the landmark was recognized (E1:
75.18% of trials, SD=31.72%; E2: 67.68% of trials, SD= 30.58%; E3:
83.33% of trials, SD= 14.26%) compared to not recognized (E1:
19.72% of trials, SD=20.82%; E2: 20.86% of trials, SD= 22.52%; E3:
32.91% of trials, SD=28.58%; see Fig. 2). Bonferroni-corrected com-
parisons between experiment versions revealed that Experiment 2 had
significantly lower proportions of trials with thoughts than Experiment
3, t(95)= 2.58, p=0.03, but Experiments 1 and 2, t(95)=−0.78,
p > 0.99, and Experiments 1 and 3, t(95)=−1.87, p=0.19, did not
differ.

We next examined the influence of landmark familiarity on the
overall incidence of thoughts. For the landmarks that were recognized,
we compared the proportion of trials in which thoughts were reported,
according to the familiarity of the landmark (Fig. 3). We chose to focus
on landmark familiarity as determined by number of visits to the
landmark, since this was a more objective measure, was more related to
personal experience, and was consistent with how familiarity has been
defined in previous studies (Robin & Moscovitch, 2014, 2017b; Robin
et al., 2016). A 3× 5 mixed ANOVA with a between-subjects factor of
Experiment (E1, E2, E3) and a within-subjects factors of Landmark

Familiarity reflecting the estimated number of visits to the landmark
(1–2 times, 3–5 times, 6–10 times,> 10 times,> 50 times) revealed a
significant effect of Landmark Familiarity on the proportion of trials
with thoughts reported, when considering all thought types, F(2.99,
236.57)= 29.86, p < 0.0001, η2G=0.068. There was a marginal ef-
fect of Experiment, F(2, 79)= 2.50, p= 0.09, η2G=0.049, and no
significant interaction, F(5.98, 236.57)= 1.76, p=0.11. Linear con-
trasts confirmed that the main effect of Landmark Familiarity reflected
an increasing linear trend in all three experiment versions (E1: t
(316)= 3.75, p= 0.0006; E2: t(316)= 6.98, p < 0.0001; E3: t
(316)= 8.43, p < 0.0001). Note that subjects that did not have ob-
servations in every familiarity bin were removed from this analysis
(resulting sample sizes: E1: n=23; E2: n=33; E3: n= 26). For ana-
lyses of thought rates and thought types according to the recency of the
landmark instead of its familiarity, see Supplementary Material – Figs.
S2 and S3.

3.2. Types of thoughts reported

While the analyses above included all types of thoughts, participants
further categorized their thoughts according to the type of content that
each thought included. In order to understand the prevalence of each
type of thought, we next examined the distribution of the types of
thoughts that were reported in each experiment for the trials in which
participants recognized the landmarks (Fig. 4). A 3×5 mixed ANOVA
with a between subjects factor of Experiment (E1, E2, E3) and a within-
subjects factor of Thought Type showed a significant effect of Thought
Type on the proportion of trials with that thought reported, F(1.75,
160.98)= 65.34, p < 0.0001, η2G=0.41, but no significant effect of
Experiment, F(2, 92)= 2.18, p=0.12, or interaction between Experi-
ment and Thought Type, F(3.50, 160.98)= 1.76, p=0.15. Across all
three experiments, the most frequently chosen category was Mix, re-
flecting some combination of semantic information, autobiographical
memories and thoughts of visiting a location in the future (E1: 41.58%
of trials, SD=31.22%; E2: 55.95% of trials, SD=31.91%; E3: 44.57%
of trials, SD= 29.67%). The next most frequent category was Auto-
biographical Memory (E1: 31.34% of trials, SD= 26.59%; E2: 20.85%
of trials, SD=20.64%; E3: 22.58% of trials, SD=18.93%), followed
by Semantic Information (E1: 19.11% of trials, SD=21.75%; E2:
12.85% of trials, SD= 12.85%; E3: 15.02% of trials, SD=16.24%).
Other/Unrelated information (E1: 4.25% of trials, SD=7.05%; E2:
7.08% of trials, SD=9.52%; E3: 7.54% of trials, SD= 7.76%) and
Future Thoughts (E1: 3.71% of trials, SD=7.14%; E2: 3.26% of trials,
SD=4.63%; E3: 3.77% of trials, SD= 6.25%) were reported less fre-
quently. After excluding participants who did not report thoughts on

Fig. 2. Proportion of trials with spontaneous thoughts reported (all categories),
based on whether the landmark was subsequently recognized or not recognized.
Note that proportion of trials with thoughts is calculated separately for re-
cognized and unrecognized landmarks, and thus, these do not sum to 1.

Fig. 3. Proportion of trials with spontaneous thoughts reported (all categories)
based on the familiarity of the landmark. This analysis includes only trials in
which the landmark was later recognized. Familiarity was defined as the esti-
mated number of previous visits to the landmark.
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any trials in which they recognized landmarks, resulting sample sizes
for this analysis were: E1: n=29; E2: n=35; E3: n= 31. For the
distribution of thought types for unrecognized landmarks, see Supple-
mentary Material – Fig. S1.

3.3. Rates of self-reported thought types by landmark familiarity

Our target question for the study was whether different types of
thoughts would have the same relationship with the familiarity of the
landmark. The analyses in Section 3.1 and Fig. 3 show that, overall, the
incidences of thoughts increase with familiarity, but we hypothesized
that this might not be the case for all types of thoughts, with a specific
focus on episodic memories. To understand the influence of landmark
familiarity on each category of thought, we tested the relationship be-
tween landmark familiarity and each thought type. For each partici-
pant, we determined the number of trials with thoughts reported for
each familiarity bin. Then, for each thought type, we calculated the
proportion of trials in which that thought type was reported (Fig. 5).
For each thought type, we conducted a 3× 5 mixed ANOVA with a
between-subjects factor of Experiment (E1, E2, E3) and a within-sub-
jects factors of Landmark Familiarity, followed by follow-up linear
contrasts (Bonferroni-corrected for multiple comparisons) if the effects
of familiarity were significant, to test the effects of familiarity in each
version of the experiment. Note that not all subjects had trials with
thoughts for landmarks in every familiarity bin, so these analyses in-
cluded fewer participants (E1: n= 20; E2: n=26; E3: n=25).

For Semantic Information, an ANOVA revealed a significant main
effect of Landmark Familiarity, F(3.38, 230.42)= 3.02, p= 0.03,
η2G=0.022, with no effect of Experiment, F(2, 68)= 0.56, p= 0.57,
or interaction, F(6.78, 230.42)= 1.62, p=0.13. Follow-up linear
contrasts demonstrated a negative relationship between increasing fa-
miliarity and the incidence of semantic thoughts in E1, t
(272)=−2.48, p= 0.042, and in E2, t(272)=−3.41, p=0.002, but
not in E3, t(272)= 0.64, p > 0.99.

For Autobiographical Memory, an ANOVA revealed a significant
main effect of Landmark Familiarity, F(3.21, 218.5)= 7.13,
p < 0.0001, η2G=0.038, with a marginal effect of Experiment, F(2,
68)= 2.61, p= 0.08, and no significant interaction, F(6.42,
218.5)= 1.19, p=0.31. Follow-up linear contrasts demonstrated a
negative relationship between increasing familiarity and the incidence

of autobiographical memories in E1, t(272)=−4.15, p < 0.0001, and
in E3, t(272)=−3.82, p= 0.0006, but not in E2, t(272)=−0.89,
p > 0.99.

For Future Thoughts, an ANOVA revealed no effects of Landmark
Familiarity, F(3.14, 213.69)= 1.61, p= 0.19, Experiment, F(2,
68)= 0.53, p=0.59, and no significant interaction, F(6.28,
213.69)= 1.08, p=0.37.

For the Mix category, an ANOVA revealed a significant main effect
of Landmark Familiarity, F(3.15, 214.77)= 25.99, p < 0.0001,
η2G=0.092, with no effect of Experiment, F(2, 68)= 1.23, p=0.29,
or interaction, F(6.31, 214.77)= 1.43, p= 0.20. Follow-up linear
contrasts demonstrated a strong positive relationship between in-
creasing familiarity and the incidence of mixed thoughts, including
semantic information, autobiographical memories and/or future
thoughts, in all three experiment versions, E1: t(272)= 7.69,
p < 0.0001, E2: t(272)= 5.58, p < 0.0001, E3: t(272)= 4.16,
p < 0.0001.

For thoughts that were classified as Other or Unrelated, an ANOVA
revealed a significant main effect of Landmark Familiarity, F(2.49,
169.43)= 6.32, p=0.001, η2G=0.049, with no effect of Experiment,
F(2, 68)= 0.68, p= 0.51, or interaction, F(4.98, 169.43)= 0.83,
p=0.53. Follow-up linear contrasts demonstrated a negative re-
lationship between increasing familiarity and the incidence of un-
related or other thoughts, in all three experiments, E1: t(272)=−2.41,
p=0.050, E2: t(272)=−3.52, p= 0.0015, E3: t(272)=−2.58,
p=0.030.

3.4. Rates of coded thought types by landmark familiarity

In order to more objectively categorize participants’ thought types
and better understand the contents of the ‘Mix’ thought types, we re-
corded short descriptions of the participants’ thoughts in Experiments 2
and 3 and coded these according to what types of information were
included (for a breakdown of the thought types in the ‘Mix’ trials see
Supplementary Material – Fig. S4). Coding categories included: iden-
tification of the landmark; providing descriptions/knowledge per-
taining to the landmark location; personal semantic memories, re-
flecting autobiographical memory not specific to a single episode;
specific episodic memories referring to single events; unrelated mem-
ories not occurring at that landmark; future thoughts; picture

Fig. 4. Distribution of thought types reported for trials in which thoughts were reported and landmarks were recognized in Experiments 1, 2, and 3. Mix refers to a
combination of semantic information, personal memories and future thoughts.
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descriptions; and other/unrelated thoughts. With the trials coded ac-
cording to these more precise categories, we could again examine the
effect of familiarity on each type of thought content (Fig. 6). For each
participant, we determined the number of trials in each familiarity bin
that had any type of thought reported, and then calculated the pro-
portion of thoughts of each coding category for those trials. We then
compared the effects of experiment version and of landmark familiarity
on each thought type using 2 (Experiment)× 5 (Familiarity) mixed
ANOVAs, with subsequent linear contrasts (Bonferroni-corrected for
multiple comparisons) to test increasing and decreasing relationships
with familiarity. We did not include Future Thoughts and Unrelated
Memories in these analyses due to the very low instances of these types
of thoughts. As with the analyses in the previous section, we included
only subjects who reported trials with thoughts for landmarks in every
familiarity bin (E2: n= 26; E3: n= 25).

For landmark identification, an ANOVA revealed a significant main
effect of Landmark Familiarity, F(3.35, 164.13)= 14.61, p < 0.0001,
η2G=0.13. There was no significant effect of Experiment, F(1,
49)= 1.26, p=0.26, or interaction, F(3.35, 164.13)= 1.19, p= 0.32.
Linear contrasts revealed a significant positive relationship between
Landmark Familiarity and verbal landmark identification, in both ex-
periments, E2: t(196)= 4.80, p < 0.0001, E3: t(196)= 5.63,
p < 0.0001.

For description and knowledge about the landmark, there was a
significant main effect of Landmark Familiarity, F(3.48,
170.65)= 4.89, p=0.0016, η2G=0.037. There was no significant
effect of Experiment, F(1, 49)= 1.05, p=0.31, or interaction, F(3.48,
170.65)= 0.44, p= 0.75. Linear contrasts found no relationship

between Landmark Familiarity and descriptions and knowledge about
the landmark in either experiment, E2: t(196)= 1.48, p=0.42, E3: t
(196)= 1.47, p=0.43. Visual inspection of the data suggested that an
inverted quadratic model may better describe the data (modelled with
the coefficients: −2, 1, 0, 1, −2), which was found to be the case in
both experiments, E2: t(212)=−5.15, p < 0.0001, E3: t
(196)= 3.42, p=0.0016.

For personal semantic memories relating to the landmark, there was
a significant main effect of Landmark Familiarity, F(3.60,
176.64)= 8.87, p < 0.0001, η2G=0.094. There was no significant
effect of Experiment, F(1, 49)= 1.39, p=0.24, or interaction, F(3.60,
176.64)= 0.07, p=0.98. Linear contrasts revealed a significant posi-
tive relationship between Landmark Familiarity and rate of reporting
personal semantic memories in both experiments, E2: t(196)= 4.25,
p < 0.0001, E3: t(196)= 3.89, p=0.0002.

For specific episodic memories relating to the landmark, there was a
significant main effect of Landmark Familiarity, F(2.99,
146.77)= 3.58, p=0.015, η2G=0.04. There was no significant effect
of Experiment, F(1, 49)= 0.05, p=0.82, or interaction, F(2.99,
146.77)= 0.88, p=0.45. Linear contrasts revealed a significant ne-
gative relationship between Landmark Familiarity and the incidence of
specific episodic memories in Experiment 3, E3: t(196)=−2.82,
p=0.01, and a negative relationship in Experiment 2 that did not
reach significance after correcting for multiple comparisons, E2: t
(196)=−1.97, p= 0.10.

For instances of picture description, there was a significant main
effect of Landmark Familiarity, F(2.94, 144.05)= 3.70, p=0.014,
η2G=0.04. There was no significant effect of Experiment, F(1,

Fig. 5. Proportion of trials with each thought type reported, based on the familiarity of the landmark. While the Mix category demonstrated a positive linear
relationship with familiarity, there was evidence for negative relationships between familiarity of the landmark and the incidences of semantic, autobiographical and
unrelated thoughts.
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49)= 0.05, p=0.83, or interaction, F(2.94, 144.05)= 1.30, p= 0.27.
Linear contrasts revealed a significant negative relationship between
Landmark Familiarity and incidence of picture description in E3: t
(196)=−3.76, p=0.0004, but not in E2: t(196)=−1.11, p= 0.54.

For thoughts that did not fall into any of the other categories, which
included off-topic or meta-cognitive statements, there was no effect of
Landmark Familiarity, F(3.54, 173.4)= 1.84, p=0.13, no significant
effect of Experiment, F(1, 49)= 1.84, p=0.18, and no interaction, F
(3.54, 173.4)= 0.92, p=0.44.

4. Discussion

We found that spatial contexts reliably cued spontaneous memory
retrieval, primarily cueing forms of semantic and episodic memory,
with lower rates of future thoughts or unrelated information. Across all
three experiments, we observed a higher incidence of thoughts reported
in response to recognized landmarks than unrecognized landmarks, as
expected. Within the recognized landmarks, the overall rate of thoughts
increased with increasing familiarity of the landmark across all three
experiments. In contrast, when subcategories of thoughts were ex-
amined based on participants’ reports, we found that the rates of purely
semantic thoughts and autobiographical memories decreased with in-
creasing familiarity in two of the three experiments. In contrast, there
was a robust increase in “mixed” thoughts with increasing familiarity,
indicating that more familiar landmarks were eliciting combinations of
semantic information, autobiographical memories and thoughts of the
future. Thus, it was possible that semantic thoughts and auto-
biographical memories were not in fact decreasing with increased

landmark familiarity, but instead were occurring more often in con-
junction with one another for the more familiar landmarks, resulting in
a combination of episodic and semantic material and in choosing the
“mixed” thought category.

In order to investigate the nature of thoughts reported in more de-
tail, in Experiments 2 and 3, we collected verbal descriptions of the
thoughts triggered by the landmarks and coded these based on their
content. These analyses revealed that when participants chose the
“mixed” thought category, they frequently described a combination of
identification of the landmark, semantic information about the land-
mark and personal semantic memories, which likely reflected general-
ized representations based on multiple autobiographical memories
(Renoult, Davidson, Palombo, Moscovitch, & Levine, 2012; see Fig. S4).
When thought types coded from the verbal descriptions were analyzed
based on the familiarity of the landmarks, we found that landmark
identification and personal semantic memories increased with in-
creasing familiarity. In contrast, specific episodic memories again
showed decreasing linear trends with increasing familiarity, suggesting
that more familiar landmarks are less likely to trigger the retrieval of a
specific episode. In both Experiment 2 and 3, the highest rate of specific
episodic memories occurred for the least familiar landmarks, those that
had been visited only once or twice. This finding is consistent with the
cue overload effect (Berntsen et al., 2013; Watkins & Watkins, 1975),
which predicts that more associations to a cue result in lower rates of
memory retrieval, either as a result of interference among the items or
of loss of distinctiveness between the cue its associated targets
(Moscovitch & Craik, 1976). This pattern of results is specific to epi-
sodic memory, however, while the incidence of more generalized forms

Fig. 6. Proportion of trials with each coding category identified in verbal descriptions, based on the familiarity of the landmark for Experiments 2 and 3. There was
evidence for positive linear relationships between landmark familiarity and landmark identification and personal semantic memories. In contrast, there was a
negative linear relationship between specific memories and landmark familiarity.
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of memories, including semantic information and personal semantics,
increased with increasing familiarity of a spatial context.

The results from the present study provide novel insights into the
retrieval dynamics of real-world memories in response to spatial cues
varying in familiarity. Overall, increased familiarity of a spatial context
results in increased retrieval of information related to the landmark,
consistent with previous studies reporting that more familiar contexts
enhance memory and imagination (Arnold et al., 2011; D’Argembeau &
Van der Linden, 2012; de Vito et al., 2012; McLelland et al., 2015;
Robin & Moscovitch, 2014, 2017b; Robin et al., 2016; Szpunar &
McDermott, 2008). When, however, the types of thoughts are parsed in
more detail, more generalized forms of memory, including semantic
information and personal semantics, are found to increase with the
familiarity of the landmark, while specific episodic memories occur
most frequently for landmarks only visited once or twice. These results
expand upon previous autobiographical memory studies that limit
participants to only reporting episodic memories, to show how different
types of memories are spontaneously elicited by different cue types.
This pattern of results may depend, however, on whether retrieval is
involuntary and may differ if search is targeted toward recovering an
episodic memory. We consider these alternatives later in the discussion.

This study adds to existing involuntary memory literature showing
how factors such as priming, attention, cue types and retrieval in-
structions can affect the frequency and quality of spontaneous memory
retrieval (Barzykowski & Niedźwieńska, 2016, 2018; Berntsen et al.,
2013; Mace, 2005; Mace, 2004; Mace et al., 2019; Schlagman &
Kvavilashvili, 2008; Vannucci, Batool, Pelagatti, & Mazzoni, 2014) by
highlighting cue familiarity as another important contributing factor.
Future work is needed to determine how these different factors may
interact in the generation of spontaneous memories. Our novel para-
digm, while sharing some similarities to other laboratory-based spon-
taneous memory paradigms (Barzykowski & Niedźwieńska, 2018; Mace
et al., 2019; Schlagman & Kvavilashvili, 2008), offers a new method for
eliciting spontaneous memories in the lab that does not rely on verbal
stimuli. By using images of real-world scenes, this paradigm capitalizes
on previous findings showing that external cues, such as features of
one’s spatial environment, are reliable triggers for spontaneous mem-
ories (Berntsen, 1998, 2007), and may more closely mirror every day
experiences of spontaneous memory retrieval. It must be noted, how-
ever, that the cover task in this experiment was more directly related to
the spontaneous memory task since they both involved the same scene
cues, unlike other laboratory tasks that use unrelated vigilance tasks
with intermittent word cues to prompt memory retrieval (Schlagman &
Kvavilashvili, 2008). Therefore, the viewing of scenes may have primed
participants to think of familiar locations and their related thoughts and
memories, and made memories more accessible. It is also difficult to
know what aspect of the scenes prompted spontaneous thoughts (i.e.
particular visual details, semantic knowledge, etc.). Nonetheless, we
think that this paradigm contributes to the involuntary memory lit-
erature by offering a novel, imagery-based way of eliciting spontaneous
thoughts and memories.

The patterns of memory retrieval we observed in this study may
indicate how memories are transformed as we accumulate related re-
presentations that are linked to a common context. For landmarks that
had been visited only once or twice, the episodic memories based on
these visits were maintained as specific, isolated episodes, distinct from
one another. When viewing the spatial context associated with these
memories, an episode was more frequently retrieved, consistent with
predictions based on cue overload or fan effect theories, since there is
little to interfere with these memories or diminish their distinctiveness
(Anderson & Reder, 1999; Berntsen et al., 2013; Radvansky, O’Rear, &
Fisher, 2017; Watkins & Watkins, 1975). The spatial imagery of the
context serves as a strong cue, initiating recall for the other elements of
the episode. Interestingly, less familiar scenes were also more likely to
elicit picture descriptions and unrelated thoughts, demonstrating that
episodic memories are not retrieved on all trials, and that less familiar

cues are also most likely to elicit thoughts unrelated to memory.
For more familiar landmarks that had been visited more frequently,

we observed lower incidences of retrieving a specific episodic memory,
but higher rates of reporting more generalized memories, including
personal semantics and other semantic information. These findings are
consistent with predictions that increased familiarity of a cue results in
the retrieval of generalized memories (Berntsen & Hall, 2004). The
finding of fewer specific memories for more familiar cues seems to also
be consistent with previous findings that repeated cues were very un-
likely to generate the retrieval of unique associated scenes in a previous
involuntary memory study (Berntsen et al., 2013). That study also
found that repeated cues were likely to generate retrieval of multiple
repeated scenes, but only in a voluntary retrieval condition, reflecting
generalized memories that are more available to voluntary retrieval
processes. As multiple memories associated with a given context ac-
cumulate, we hypothesize that more general representations are formed
based on commonalities across the memories (Renoult et al., 2012;
Richards et al., 2014), accompanied by a loss of distinctiveness.

One exception to the pattern of increased generalized memories
with increasing landmark familiarity was found for descriptions or
knowledge relating to the landmark. In both Experiment 2 and 3, this
category was found to show an inverted U-shaped trend, with the
highest rate occurring for landmarks that had been visited 6–10 times.
This result was unexpected, and it is not clear why this type of memory
would increase and then decrease as familiarity increased. One possi-
bility could be that as landmarks become very familiar, personal se-
mantics overtake general semantic information, resulting in the de-
crease for the highest levels of familiarity, but further research is
needed to replicate and explore this pattern.

We hypothesize that spontaneous retrieval of episodic memories
would rely on the hippocampus, known to be involved in automatic
retrieval of episodic memories, as well as the perception and memory of
complex scenes (Hodgetts, Shine, Lawrence, Downing, & Graham,
2016; Lee et al., 2005a, 2005b; Moscovitch, 2008; Moscovitch, Cabeza,
Winocur, & Nadel, 2016; Scoville & Milner, 1957; Zeidman & Maguire,
2016; Zeidman, Mullally, & Maguire, 2015). More semantic/schematic
forms of memory are not thought to rely on the hippocampus, being
mediated instead by the neocortex, including lateral temporal and
medial frontal regions (Gilboa & Marlatte, 2017; Moscovitch et al.,
2016; Renoult et al., 2012; Robin & Moscovitch, 2017a; Sekeres,
Winocur, & Moscovitch, 2018; Sekeres et al., 2018). Similarly, very
familiar spatial environments have also been shown to no longer de-
pend on the hippocampus, compared to less familiar spatial environ-
ments which activate the hippocampus during learning and memory
(Hirshhorn, Grady, Rosenbaum, Winocur, & Moscovitch, 2012;
Maguire, Nannery, & Spiers, 2006; Rosenbaum et al., 2000;
Rosenbaum, Winocur, Grady, Ziegler, & Moscovitch, 2007; Teng &
Squire, 1999). Thus, it may be the case that less familiar landmarks
trigger hippocampally-dependent memory representations, which are
more directly linked to specific episodic memories involving those lo-
cations. In contrast, a more familiar location would activate neocortical
spatial memories and trigger more generalized forms of schematic or
semantic memory relating to the landmark. These predictions require
further investigation using neuroimaging methods. Spontaneous
memory can be difficult to study in neuroimaging contexts, owing to its
unpredictable and variable occurrence, but previous studies suggest
that involuntary autobiographical memory involves many of the same
neural structures as voluntarily-retrieved episodic memory and spatial
imagery, including the medial temporal lobes and hippocampus, pos-
terior cingulate cortex and precuneus (Hall, Gjedde, & Kupers, 2008;
Hall et al., 2014; Kompus, Eichele, Hugdahl, & Nyberg, 2011).

Another question we sought to answer in these studies was whether
the retrieval patterns associated with spatial context familiarity were
dependent on directedness of memory retrieval associated with the
adoption of a retrieval mode. Experiments 1 and 2 were designed to test
the spontaneous retrieval of thoughts, with participants studying the
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scenes and answering a question about visual aspects of the scene as a
cover task. Participants were questioned during debriefing about the
goals of the experiment and none reported guessing that the hypotheses
related to the relationship between landmark familiarity and memory
retrieval, suggesting that memory retrieval was not directed or effortful.
In contrast, in Experiment 3, participants were directly instructed to
study the scenes and report any thoughts that came to mind, although
there were no specific instructions about the types of thoughts or
memories to retrieve. This change in instructions resulted in a higher
rate of thoughts reported in Experiment 3, which was statistically dif-
ferent from Experiment 2, but not Experiment 1. The increase in
thoughts suggests that participants may have been more explicitly at-
tempting to retrieve thoughts in this version of the experiment, or may
have been less distracted by the absence of a cover task, resulting in
more spontaneous thoughts.

While this instruction change resulted in a modest increase in the
overall thoughts reported, the rates of each category of thought did not
differ across the different experiments. In analyses of the familiarity
effects, experiment version never interacted with the effects of famil-
iarity. We interpret these findings to indicate that the effects of context
familiarity were robust to differences in retrieval modes. This inter-
pretation is consistent with theoretical views that voluntary and in-
voluntary memories are based on the same underlying episodic memory
system (Berntsen, 2010), but inconsistent with predictions that spon-
taneous memories tend to be more episodic, while voluntary retrieval
results in more general memories (Berntsen, 1998, 2010). We ac-
knowledge that the differences in our spontaneous and directed re-
trieval versions of the experiment were subtle. It may have been that in
Experiment 3, retrieval was still somewhat spontaneous, since partici-
pants were prompted to report any types of thoughts that came to mind,
and not to search specifically for memories related to the landmarks.
Despite the different retrieval instructions in Experiment 3, our findings
regarding the types of memories and their relationship with cue fa-
miliarity were mostly consistent across all three experiments, sug-
gesting that the relationship between context familiarity and memory
retrieval does not depend on retrieval mode.

This pattern of results, however, is not entirely consistent with that
obtained in previous studies that also used landmarks as cues, but in
which retrieval was targeted to recover episodic autobiographical
memories associated with those landmarks (Robin & Moscovitch, 2014,
2017b). Under those conditions, the speed with which memories were
recovered and the number of episodic details were positively related to
the familiarity of the landmarks. We turn to trace transformation theory
to reconcile these seemingly inconsistent findings (Sekeres et al., 2018;
Sekeres et al., 2018; Winocur & Moscovitch, 2011). According to trace
transformation theory, many detailed episodic memories which are
dependent on the hippocampus are transformed with time and experi-
ence to more generalized memories, such as gist, semantics and
schemas, which are more dependent on the neocortex. Detailed epi-
sodic memories and generalized memories can therefore co-exist with
one another, but rely on different neural structures (Moscovitch et al.,
2016; Winocur & Moscovitch, 2011). Which type of memory is re-
covered depends, in part, on the nature of the cue and on task demands.
When retrieval is not under tight control, in cases of involuntary re-
trieval, or voluntary, but not very specific, retrieval (Moscovitch, 1992;
Moscovitch et al., 2016), then the congruency of the memory with the
cue dictates the type of memory that will be retrieved. A highly familiar
location cue is likely to have a more generalized representation and is
therefore likely to elicit semantic or schematic memories more than
episodic ones, whereas the reverse holds for the more “episodic” un-
familiar cues. The more distinct representations associated with less
familiar cues are more likely to elicit specific episodes in memory since
no generalized representations have been formed. Detailed episodic
memories, however, are still available such that when retrieval is vo-
luntary and targeted to recover episodic memories, control processes
can overcome these congruency effects and enable the recovery of

episodic memories that were previously masked. Now, highly familiar
cues can be used to recover, and possibly reconstruct, episodic mem-
ories more rapidly and with greater detail and vividness, than can less
familiar cues, effectively reversing the fan effect seen when memory
retrieval is not directed.

Future work combining voluntary and involuntary retrieval in the
same experiment is needed to directly test the speculative mechanisms
described above. In Experiment 3, retrieval was more overtly directed,
but was still open-ended, prompting the retrieval of any type of thought
relating to the scenes displayed in the study, in order to remain com-
parable to the methods in Experiments 1 and 2. In future work, a
modified design targeting only personal memories may be better able to
compare the mechanisms of voluntary and involuntary episodic
memory retrieval. This design would also avoid the reliance on parti-
cipants to accurately classify their thoughts throughout the experiment,
or on experimenter coding of reported thoughts, which were necessary
in this study to define the various thought types. It is important to note,
however, that previous studies have found that modification of the
instructions in involuntary memory studies to direct participants to
focus only on personal memories changes the number of memories re-
ported (Barzykowski & Niedźwieńska, 2016; Vannucci et al., 2014), so
it may be difficult to compare the results from such a study to those in
the present report. For example, in our previous studies of directed
episodic memory retrieval, we found that more familiar spatial con-
textual cues led to faster retrieval of memories, and the retrieval of
more detailed and vivid episodes (Robin & Moscovitch, 2014, 2017b).

4.1. Conclusions

In summary, in this paper we present the results from three ex-
periments using a novel paradigm for examining spontaneous real-
world memory retrieval in response to naturalistic spatial contextual
cues. This study is unique in that it examines the spontaneous retrieval
of autobiographical memory in response to real-world cues in the la-
boratory, in contrast to naturalistic diary studies (Berntsen, 2010;
Rasmussen & Berntsen, 2011; Rasmussen, Johannessen, & Berntsen,
2014; Rasmussen, Ramsgaard, & Berntsen, 2015; Schlagman, Kliegel,
Schulz, & Kvavilashvili, 2009; Schlagman et al., 2006) or laboratory
tasks using simplified stimuli (Barzykowski & Niedźwieńska, 2018;
Mace et al., 2019; Mazzoni, Vannucci, & Batool, 2014; Schlagman &
Kvavilashvili, 2008). By virtue of their rich imagery and close ties to
episodic memory, familiar spatial contexts may serve as an important
trigger for spontaneous autobiographical memories. Our study is the
first to examine this relationship in a systematically controlled way. We
found that spatial contextual cues reliably elicit semantic and episodic
forms of memory retrieval. Overall, there was an increase in thoughts in
response to more familiar landmarks. Parsing the types of memories in
more detail revealed an intriguing pattern of results, demonstrating
increasing rates of semantic memory and personal semantics for more
familiar cues, but decreasing rates of specific episodic memories, con-
sistent with predictions based on the cue overload principle. Our
findings suggest that multiple memories associated with a familiar
context may be transformed into more generalized representations that
are more readily retrieved than the individual episodes on which they
are based. In contrast, specific episodes that have fewer associations in
memory are more likely to be preserved as singular events. Which type
of memory is recovered also depends on the control processes exerted at
retrieval. These results provide novel insights into the retrieval dy-
namics of different types of memory and potential connections to the
differing neural bases of episodic and semantic memories.
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