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ABSTRACT

Background: Boundary extension (BE) is a phenomenon where participants report from memory that they have
experienced more information of a scene than was initially presented. The goal of the current study was to
investigate whether BE is fully based on episodic memory or also involves semantic scheme knowledge.
Methods: The study incorporated the remember/know paradigm into a BE task. Scenes were first learned in-
cidentally, with participants later indicating whether they remembered or knew that they had seen the scene
before. Next, they had to rate 3 views - zoomed in, zoomed out or unchanged - of the original picture on
similarity in closeness in order to measure BE.

Results: The results showed a systematic BE pattern, but no difference in the amount of BE for episodic (‘re-
member’) and semantic (‘know’) memory. Additionally, the remember/know paradigm used in this study
showed good sensitivity for both the remember and know responses.

Discussion: The results suggest that BE might not critically depend on the contextual information provided by
episodic memory, but rather depends on schematic knowledge shared by episodic and semantic memory.
Schematic knowledge might be involved in BE by providing an expectation of what likely lies beyond the

boundaries of the scene based on semantic guidance.
GEL classification: 2343 learning & memory

1. Introduction

Episodic memory is usually thought to encompass information about a
temporal localised change in the world, such as “he was running”, and in-
formation about the external context of the event, such as where and when
it took place (Gardiner & Java, 1991; Knowlton & Squire, 1995; Tulving,
1993). Recollecting the spatiotemporal context is what distinguishes epi-
sodic memory from semantic memory and the act of simply recognising an
object. Notably, the literature on episodic memory has shown that an in-
teresting error can occur when people recall a previously seen scene. Ob-
servers consistently report having seen more of the scene than originally
shown. Particularly areas that fall outside of the physical boundaries of the
viewed scene are sensitive to this error. This error in memory has come to
be known as boundary extension (BE; Intraub & Richardson, 1989). Extra
information that observers typically report may encompass objects or
backgrounds that might have been present beyond the boundaries of the
scene, but were not visible (Park et al., 2007).

Although BE can be regarded as an error in memory, it may serve a
supportive function for scene perception (Intraub, 2012; Intraub &

Dickinson, 2008). BE may lead to a more continuous perceptual ex-
perience of one's surroundings by facilitating the integration of suc-
cessive sensory input. Support for this claim comes from the fact that BE
only arises when the image contains a scene or objects that together
form a scene, as opposed to images with objects that do not form a
scene (Gottesman & Intraub, 2002; Intraub et al., 1998). Castelhano
et al. (2018) describe a scene either as collection of related elements or
as a hierarchical structure providing a scaffold in which elements can
be integrated. A scene involves a continuous spatial layout in which an
object can be incorporated. The spatial layout of a scene refers to the
internal representation of the way in which objects and landmarks are
positioned in space (Evans, 1980; Spencer et al., 1989). An image in
which objects form a scene can, for example, contain palm trees, the
beach, a lounge chair with the sea in the background. On the other
hand, a palm tree, toothbrush, and a television set randomly placed on
a blank background do not make a scene. It is thought that BE occurs
because humans are not limited to the direct sensory input from the
eyes, but also possess an implicitly constructed internal representation
of the scene. Because we automatically extend beyond the physical
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edges of the scene, we incorporate this extended context into our in-
ternal representation of the scene. When the original picture is shown
again, we compare the extended internal representation to the picture,
which is then perceived as being too close (Intraub, 2012). Extra-
polating beyond the available information occurs in all senses (not just
vision) in order for our brain to make predictions about the external
world (Friston, 2010).

Even though BE has been demonstrated to occur in several different
populations and circumstances (e.g.: Candel et al., 2004; Seamon et al.,
2002), it is unclear to what extent semantic modes of memory retrieval
are involved, next to episodic memory mechanisms. For instance, se-
mantic scheme knowledge encompasses general knowledge of scenes
which might result in BE, be it to a lesser extent than episodic memory.
This is based on evidence that suggests that episodic memory is a
prerequisite in order for BE to occur (see e.g. Mullally et al., 2012).
Concordantly, though the initial extrapolation of the boundaries of the
scene occurs the first time we see the scene, the actual BE error occurs
when we later recall the scene as more zoomed out than the original
(Bainbridge et al., 2019; Intraub, 2012). However, not much is known
about whether BE is uniquely related to episodic memory retrieval,
whether it also comprises of a component of semantic memory re-
trieval, or whether it is related to a general declarative memory me-
chanism shared by both episodic and semantic memory.

The aim of the present study was to examine whether BE exclusively
occurs in relation to episodic memory or alternatively whether it also
occurs in semantic modes of memory retrieval. We set out to investigate
this by using the remember/know paradigm (Tulving, 1985). In the
original technique, the remember/know task was designed to identify
episodic (remember judgments) and semantic (know judgments)
memories. ‘Remember responses’ referred to the experience of mental
time travel, or self-recollection, which is an important aspect of epi-
sodic memory. Recollection of a previously seen item is part of re-
cognition, and thus a part of remembering (Gardiner & Java, 1993). On
the other hand, ‘knowing’ refers to conceptual knowledge, or the re-
presentations of concepts people have acquired (see e.g.: Yee et al.,
2017). Knowing includes general facts about the world without re-
ference to the circumstances in which they were acquired (Yee et al.,
2013), for instance that grass is green or that a coat keeps you warm in
the winter, as well as schematic representations of events based upon
lifelong experiences (Renoult et al., 2019). Knowing, does not contain
recollections and is defined as familiarity without self-recollection,
which corresponds to a more semantic based type of memory (Gardiner,
2001; Tulving, 1985). Note that familiarity in the current study refers to
the extent in which conceptual processes linked to semantic memory
play a role in familiarity-based recognition (Wang & Yonelinas, 2012a;
Wang & Yonelinas, 2012b). The remember/know paradigm mostly has
been used in recognition tests, though it may also be used in free and
cued recall where a high level of episodic trace information results in
remember responses accompanied by self-recollection (Hamilton &
Rajaram, 2003; Tulving, 1985). In addition, know responses are re-
ported for free recall tests as well, suggesting that free recall is not just
driven by conscious recollection shortly after study (see also
McDermott, 2006; Mickes et al., 2013).

We should mention here that there has been considerable discussion
about whether remembering and knowing are driven by a dual-process
model or rather reflect a single-process model (see for example: Wixted
& Mickes, 2010; Morris & Rugg, 2004; Yonelinas & Parks, 2007). The
dual process model states that there are two more or less distinct
manners of memory retrieval. This claim is supported by observations
of separate neural circuitries and by the finding that know responses
have a similar levels of confidence and accuracy as remember responses
(Mickes et al., 2013). A single process model typically assumes a divi-
sion in terms of strength with remembering comprising stronger
memories. Interestingly, in their recent review of the episodic-semantic
distinction Renoult et al. (2019) point out that the neural overlap be-
tween episodic memory and semantic memory is considerable and that

Acta Psychologica 211 (2020) 103190

the two types of memory are highly related. At the same time these
authors also emphasise that there still remains an extent of distinc-
tiveness. It is beyond the scope of the current research to further ad-
dress whether episodic and semantic memory are fully dissociated or
rather form the opposite ends of a declarative memory continuum, with
recollection being contextualised retrieval and with familiarity to be
more a form of non-contextual memory. We return on this point in the
discussion.

In the present study, participants had to first indicate whether they
had a sense of recollection or familiarity when cued by a small section
of a previously studied scene. Participants were asked whether the
small section of the scene was new, and belonged to a scene they had
not seen before, or whether it was old and they had seen it before.
When they answered old they had to specify whether it was ‘old re-
member’ or ‘old know’, thereby establishing a distinction between
episodic and semantic modes of memory retrieval, respectively.
However, this method has also been criticised in the literature (see e.g.:
Dunn, 2004, 2008; Wixted, 2007). Alternative methods include adding
a confidence measure, to distinguish various levels of confidence during
the task (see e.g. Wixted & Mickes, 2010), or by adding a “guess” option
for participants to choose instead of remember or know (Migo et al.,
2012). By adding a “guess” option, remember and know responses
better reflect representations of recollection and familiarity, instead of
simply levels of confidence. However, the number of decisions parti-
cipants had to make was already quite high, hence we decided to keep
the remember/know task as simple as possible. Importantly, the current
remember/know procedure has proven to be a valid method to distin-
guish a subjective sense of recollection from familiarity, and is therefore
often used in other studies with complex questions to asses memory (see
e.g.: Frithsen et al., 2019; Lutz et al., 2017; Schwedes et al., 2019).

Following the remember/know question, participants next had to
scale the full scene according to how they remembered it. Evidence has
shown that a spatial layout is an important prerequisite for BE
(Gottesman & Intraub, 2002), so one can expect that the spatiotemporal
aspect of episodic memory may lead to a larger BE effect in remember
responses. Mullally et al. (2012) found that patients with impairments
in episodic memory, who suffered from selective bilateral hippocampal
damage and amnesia, showed significantly less BE than healthy controls
on two separate BE tasks. These findings suggest that episodic based
memory might play an important role in order for BE to occur. As such
we might expect that BE would be larger in cases of episodic based
retrieval than in cases of semantic based retrieval. Distinguishing be-
tween BE in episodic and semantic memory provides more insight on
the functional aspect of BE. Finding stronger BE in episodic memory
might suggest that the feeling of recollection depends on the ability to
engage in imaginations of the relevant scenes. In contrast, if more BE
occurs in semantic memory it would indicate that BE is at least partly
driven by schematic spatial knowledge.

2. Method section
2.1. Participants

In this study, 36 participants were tested. All participants were over
the age of 18 (M = 22.3, SD = 2.5), with most of them studying for
their Bachelor's or Master's degree (72.2% and 25.0%, respectively) at
the Utrecht University. One participant attended the Utrecht University
of Applied Sciences (HU: 2.8%). Of the participants, 30 were female and
6 were male. Participants who took medication that influenced their
memory or attention, or who suffered from a condition that affected
these domains, were not able to participate in the study. All participants
had normal eyesight or eyesight corrected to normal (i.e. with glasses/
lenses). Participants were recruited via the university's recruitment
system (SONA), posters, flyers, and the Utrecht University paid studies
Facebook page. Via all recruitment methods, participants were asked to
send an email to the provided researcher's email address. They had to
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Fig. 1. Example of a trial in the experimental phase.

Note. Participants were first shown a small section of the larger picture, encompassing a central object. Then, participants had to rate whether it was an ‘old
remember’, ‘old know’ or ‘new’ picture. Afterwards, they saw 3 views of the full scene and had to indicate on a 5-point Likert scale whether the scene was more close-
up, the same or farther away than they remembered. Each picture was shown for 3 s.

indicate whether they met the inclusion criteria and if they did, they
could schedule an appointment. Before the start of the experiment,
participants signed an informed consent. Participants were compen-
sated with either 1-h study credit or by receiving €6.-. Participants were
naive to the purpose of the study, but were sufficiently debriefed after
the experiment had ended.

2.2. Research design and procedure

In the first part of the study, participants looked at 18 pictures of
natural scenes on a computer screen (width 31 cm x height 25.5 cm
with 1680 x 1050 pixels, respectively). Each picture was shown for
15 s, followed by a 3 s black interval screen. Participants were asked to
rate the attractiveness of each scene on a 10-point Likert scale (1 ‘ex-
tremely unattractive’ to 10 ‘extremely attractive’), to make sure they
focused on the pictures and to create incidental learning. The experi-
ment used incidental learning in order to prevent conscious control
processes that participants might naturally use while learning new in-
formation (Macleod, 2008). After viewing the 18 scenes, a 25-min re-
tention period followed. During this period, the experimenter would
have the participants do the digit span and block design subtests from
the WAIS-IV as filler tasks during this period.

In the experimental test phase that followed after the retention
period, participants were again seated behind the computer screen
again. Instructions were available on screen before onset of the ex-
periment phase. Participants could request further verbal explanations
from the researcher if there were unclarities regarding the instructions.
The instructions regarding the task and the distinction between “re-
member” and “know” can be found in the supplementary materials
(Appendix A). They would look at a snapshot (a “snap”) of a scene, with
18 snaps taken from ‘old’ pictures and 18 from distractors which were
not-before-used scene images. A snap is a small section of a larger
scene, which in most scenes contains the central object of that scene. In
scenes in which there was no apparent central object, a different no-
table focal point within the scene would be used as a snap. Based on this

snap, participants had to indicate whether it belonged to an ‘old re-
member’, ‘old know’, or to a ‘new’ picture. Here, old referred to a
previously seen picture and new refers to a picture that participants had
not seen before. In short, a “remember” judgment had to be made when
anything about the picture itself was recalled. In contrast, a “know”
judgment had to be made when the memory of seeing the picture was
not accompanied by any contextual or personal details. After the old/
new judgment, participants would see 3 versions of the full scene (see
Fig. 1). For each set of scenes, one would be 8% more close-up than the
original (WC), one would be the same (OR), and one would be 8% more
wide-angle than the original (CW). Participants rated the proximity of
each picture on a five-point Likert scale (—2 to +2).

2.2.1. Materials

In a pilot phase we first determined the number of stimuli and
presentation/delay times. The pilot participants noted that the experi-
mental phase involved complex instructions, which made focussing on
the snaps and scenes difficult as time went by. Based on the pilot trials
and the performance of the pilot participants, we decided to include a
total of 36 scene stimuli, 18 target stimuli and 18 distractors for the
experiment. These pictures included natural scenes,’ such as cities and
beaches, with a central focus point (see Fig. 2). Pictures were selected if
they presented a natural world scene and comprised of a central object
or other apparent focal point. The content of the target stimuli scenes
was matched with the content of distractor scenes as much as possible.
For example, a stimulus showing a beach would have a distractor of
another, comparable beach. All the original target pictures were of the
same view-point and came from the experimenter's (LvdB) private ar-
chive. All target and distractor stimuli had 3 versions in the test phase

! Typically, BE research uses single-item scenes. However, in the current
study multi-item natural world scenes were chosen as it was easier to create the
snapshot task from these pictures. It should be noted that natural world scenes
and single-item scenes do not differ in the amount of BE (Munger & Multhaup,
2016)
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Fig. 2. Example of world set scenes used in the experiment.
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Note. From left to right: 8% close-up of original — original picture in learning phase — 8% wide-angle of original.

(one WG, one OR, one CW), resulting in 108 pictures that were rated on
BE. All versions were manipulated so that they had the same resolution
and same size. All pictures were in landscape orientation and were
accompanied by a black background. The entire experiment was pro-
grammed in OpenSesame (https://osdoc.cogsci.nl/), which allowed the
participant to use the mouse to rate the accompanying question (at-
tractiveness, old/new, BE) on screen after each stimulus was shown.

2.2.2. Data-analysis

A within-person design was used to analyse the data. To investigate
the efficacy of the remember/know paradigm, using signal detection
theory (SDT), A’ was calculated to indicate discriminative ability, with
B’ representing the response bias.

To investigate whether the boundary extension (BE) effect occurred,
there had to be two specific patterns of errors (Intraub & Dickinson,
2008).

1. Identical original pictures: When the learned and test picture were
identical (OR), the test picture should be rated as more close-up.

2. Asymmetry in different views: When the learned and test picture are
different (WC or CW), a rating asymmetry should occur. A pair of
the learned picture and close-up/wide-angle version should be as-
sessed as more similar on CW trials than on WC trials, because the
wide-angle view with extended boundaries should approximate the
internal representation. Here, CW trials can also show a positive
instead of a negative rating.

The third pattern of errors, larger BE in close-up views vs. wide-
angle views, was not tested in the experiment since all learned pictures
had the same viewpoint in the learning phase.

To investigate whether BE occurred, independent from memory
type, a paired t-test was used as well as a one-sample t-test. The paired
t-test indicated whether there was asymmetry between CW and WC,
whereas the one-sample t-test indicated whether OR differed sig-
nificantly from 0. The significance of the paired t-tests was checked
using Bonferroni corrected p-values. A possible difference between
episodic and semantic memory, a 2 X 3 repeated measures ANOVA was
used.

The filler tasks resulted in extra collected data, which was not part
of the main hypothesis. Additional analyses using this data, can be
found in the supplementary materials.

3. Results
3.1. Data inspection

The data for all participants was screened for missing values. It was
noted that all data from the experimental phase was missing for 2
participants due to technical difficulties, which lead to the exclusion of
their data from the analysis. Additionally, the data showed that 2 cases
did not have “know” judgments resulting in missing data. Further in-
spection revealed that the missing data was due to a problem with re-
gistering know responses. In order to obtain a value for the missing
know responses, the ranks for remember and know responses were
calculated for all participants. By matching a known remember rank
with that of a participant who also had a value for the know response,
the missing know value could be deducted. Afterwards, the data was
checked for outliers by calculating z-scores for all data points. Cases
exhibiting z-scores above 2.58, accounting for less than 0.005% of the
population, were also checked using a boxplot. When the analysis in-
dicated that the score was an outlier, the case was removed from the
analysis (Field, 2013). The entire case was removed when it contained
more than one outlier, because of the within-person design. This led to
the exclusion of 1 participant who had misinterpreted the instructions,
apparent during the debriefing at the end of the experiment, resulting in
33 cases that were used in the analyses. Since n = 33, a normal dis-
tribution of data was assumed based on the Central Limit Theorem
(DasGupta, 2010; Field, 2013). As there was an unplanned disparity in
terms of sex distribution, we first analysed Sex effects on BE. No sig-
nificant differences were present between groups (Appendix B) and
therefore further analyses were run without taking into account the sex
factor.

3.2. Remember/know paradigm

To determine whether the remember/know paradigm was suc-
cessful in the current experiment, signal detection theory (SDT) was
used, since SDT provides a framework for determining whether the
remember/know paradigm distinguishes between two separate memory
processes (Dunn, 2004; Hirshman et al., 2002). In addition, SDT in-
terpretation of the remember/know paradigm is consistent with ex-
isting data from the remember/know paradigm and has been shown to
facilitate theoretical development. The mean and standard error (SE)
for both the hits and false alarms can be found in Table 1. The
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Table 1
Mean, standard error and sensitivity of remember and know responses.
Hits False alarms Sensitivity
M SE M SE A B”
Remember 0.67 0.04 0.05 0.08 0.98 0.84
Know 0.32 0.04 0.16 0.02 0.92 0.12

Note. The table shows the mean proportion of responses for episodic (re-
member) and semantic (know) memory separately.

sensitivity (A") was calculated as well as the response criterion (B”: see
Table 1). Here A’ > 0.5 indicates good discrimination, with B” > 0
indicating a conservative response bias and B” < 0 indicating a liberal
bias (Snodgrass & Corwin, 1988). Since the rate of hits was higher than
the false alarms, the non-parametric A' was applied instead of d’. An-
other reason for using A’ is that some participants scored 0 on hits or
false alarms and A'is better suited to deal with these scores (Stanislaw &
Todorov, 1999). The sensitivity for remember responses (A’ = 0,975,
B” = 0,842) was higher than that of know responses (A' = 0,915,
B” = 0,116), though both showed good discrimination. Therefore, it
was concluded that the remember/know paradigm showed good sen-
sitivity in the current BE task.

3.3. Boundary extension

First, the data was analysed to see whether boundary extension (BE)
had occurred independent from whether a remember or know judgment
was made. Means and SE of the average scores for the close-up (WC),
original (OR), and wide-angle (CW) stimuli can be found in Fig. 3. In
order to investigate whether BE occurred, the mean scores on OR need
to be below 0 to indicate that the same picture at test is rated as closer
instead of the same. In addition, WC scores should generate larger
ratings (i.e. more negative) than on CW. Finally CW stimuli should yield
a mean score closest to 0, independent of its direction.

3.3.1. Assessing the presence of boundary extension

A one-sample t-test revealed that the mean score on the OR condition
(M = —0.219, SD = 0.242) was significantly lower than the ‘same’ score
of 0. This indicates that the OR target was rated as closer up instead of the
same. In addition, paired t-tests revealed that the WC and CW conditions
differed significantly [((32) = —12.436, p < .001]. Here, the BE score
for WC is significantly larger than for CW, indicating that this pattern for
BE has been found. The mean CW score is also closest to 0.

*k 5 3k %k

O
(SR - NS
—
—

Boundary extension rating
(=}

-0.2
04 B Target
06 Distractor
08 L

wC OR CW

View of stimuli and distractors

Fig. 3. Mean and standard error of remember and know responses for the target
stimuli and distractors for episodic and semantic memory separately.
*Difference is significant atp < .001 level.

**Difference is significant at p < .001 level.

Note. WC = zoomed in view at test (close-up), OR = original view at test,
CW = zoomed out view at test (wide-angle).
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Fig. 4. Means and standard error for each target stimulus view for episodic and
semantic memory separately.

*Differences are significant at p < .001 level.

**Differences are significant at p < .001 level.

Note. Episodic memory is represented by remember judgments, whereas se-
mantic memory is represented by know judgments. WC = zoomed in view at
test (close-up), OR = original view at test, CW = zoomed out view at test
(wide-angle).

3.3.2. Difference between old and new picture

The scores of the new pictures were also compared with the scores
of the old pictures using paired t-tests to investigate whether the stimuli
produced BE where the distractors should be significantly different
from their stimuli counterparts. The paired t-tests revealed that this was

indeed the case. Here, t(31) = —6.037, p < .001 for the WC condi-
tions, t(31) = —6.211, p < .001 for the OR conditions, and t
(31) = —5.734, p < .001 for the CW conditions. Interestingly, all

scores for the distractors were positive ratings (see Fig. 3). The positive
ratings for the distractors might indicate that participants might have a
natural tendency to detect a scene as more zoomed out in cases where
the original information, the snap, is too ambiguous to form a whole
internal representation of the scene.

3.3.3. Boundary extension and the remember/know paradigm

In order to investigate BE in episodic and semantic memory sepa-
rately, an average score for each proximity per memory type was ob-
tained. This resulted in 6 different categories, which can be found with
their accompanying mean and SE in Fig. 4.

3.3.3.1. Assessing boundary extension in episodic and semantic
memory. Post-hoc paired t-tests showed that BE occurred for each
memory type. Two one-sample t-tests were performed in order to
investigate whether the OR condition differed from 0. The hypotheses
were tested using Bonferroni adjusted alpha levels of 0.025 per test
(0.05/2). Both the mean OR score for the remember (M = —0.176,
SD = 0.318, p = .003) and know condition (M = —0.189, SD = 0.348,
p = .004) were significantly lower than the ‘same’ score of 0. In
addition, the difference between the WC and CW condition from the
remember condition was significant [t(32) = —12.688,p < .001], as
was the difference between WC and CW for the know condition [t
(32) = —7.474,p < .001]. These results indicate that BE has occurred
for each memory type with the largest rating on WC, a clear distinction
between the WC and CW conditions (where the mean of CW is closest to
0) and OR scores that are significantly below 0 (see Fig. 4).

3.3.3.2. Boundary extension in episodic and semantic memory. To test
whether there was a difference between memory type and proximity, a
2 x 3 repeated-measures ANOVA was used with the within-subject
factors memory (remember, know) and proximity (WC, OR, CW). The
factor proximity violated Mauchly's sphericity, x* = 14.454, p = .001,
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so the Greenhouse-Geisser estimate for correcting degrees of freedom
was used, ¢ = 0.729. The results showed a main effect for proximity
was found wusing the Greenhouse-Geisser correction, F(1.457,
46.625) = 93.076, p < .001, k> = 1.000. There was, however, no
significant difference between the remember and know judgments [F
(1,32) = 0.139, p = .712], neither was the interaction between
memory type and proximity [F(2, 64) = 0.719, p = .491] significant.
These results indicates that there is no difference in BE between
episodic and semantic memory as measured with the remember/
know paradigm.

4. Discussion

The aim of the current study was to determine whether boundary
extension (BE) is fully based on episodic memory retrieval or whether it
is also controlled by more semantic scheme knowledge. BE is generally
thought to occur as a result of an error in the internal representation of
a scene (Intraub, 2012). Since this internal layout contains spatio-
temporal information, it seemed likely that BE mostly occurs as a result
of episodic memory. So far, no study has investigated whether BE also
occurs as a result of semantic based retrieval. Therefore, the current
study incorporated the remember/know paradigm (Tulving, 1985) into
an adaptation of a BE task. Interestingly, this adapted BE task demon-
strated that BE occurred in both episodic and semantic memory based
responses to the same extent. Two patterns, that are indicative of the
presence of BE, were present in both types of memory: the phenomenon
that views of scenes identical to the learning phase (OR) were rated
negatively, indicating that they were experienced as ‘closer’ instead of
‘the same’. This suggests that the internal representation extrapolated
beyond the boundaries of the original picture. The second pattern refers
to an asymmetry in the rating for close-up views of learned scenes (WC)
and the wide-angle views of learned scenes (CW). The asymmetry in-
dicates that WC would be experienced as much closer, while CW would
be closer to 0 indicating that the wide-angle view comes closest to the
internal representation.

As expected, the episodic memory condition elicited a BE effect in
line with previous studies (Gottesman & Intraub, 2002; Mullally et al.,
2012). However, the finding that the semantic memory condition eli-
cited the same strength of BE was quite unexpected. The current find-
ings suggest that the BE effect is not just based on episodic memory
retrieval, but possibly also on “semantic guidance”, or guidance by the
structure and meaning of scenes. Semantic guidance grants access to
information from a rich knowledge base, or sets of scene priors, which
is accessible from even short views of a scene (Castelhano & Henderson,
2007; Vo & Henderson, 2010). Semantic guidance makes use of diag-
nostic objects that imply a certain scene category (e.g. a refrigerator
implies a kitchen). Most evidence for semantic guidance comes from
studies investigating visual search, where participants are required to
quickly search for items in a (naturalistic) scene (e.g. Vo & Wolfe,
2012). It is possible that in BE, a process similar to semantic guidance
results in an expectation of what lies beyond the boundary of a scene.
This expectation, based on semantic knowledge, might suggest that a
component of semantic memory retrieval is also able to cause a BE
effect similar to the BE effect based on episodic memory retrieval.

As mentioned in the introduction, it is thought that BE also depends
on top-down schematic knowledge elicited by a scene (Bainbridge &
Baker, 2020; Intraub, 2012). Moreover, there is a general agreement
that memory for scenes is at least in part schematic in nature (Intraub,
1997; Irwin, 1991). Schematic knowledge can be activated relatively
fast (19 ms: Greene & Olivia, 2009) and provides related global prop-
erties related to the scene. In turn, activation of schematic information
results in a discrepancy between the actual scene and the internal re-
presentation that contains additional global properties (Intraub, 2010).
This mechanism might be the underlying cause for the BE effect in cases
where the mental representation contains more information than the
actual scene (Bainbridge et al., 2019; Intraub, 2012). In light of the
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current results, it is possible that a more general mechanism, such as
schematic knowledge, contains properties that both episodic and se-
mantic modes of memory retrieval utilise when recalling a scene. Se-
mantic guidance as such could help to complete and extend the spa-
tiotemporal context in episodic recollection while it also is used to fill in
blanks in the semantic analysis of scenes. A shared general mechanism
would be in line with the view proposed by Renoult et al. (2019) that
episodic and semantic memory are highly inter-dependent rather than
fully dissociable systems. Recollection and familiarity would reflect the
contextual and non-contextual extremes of a memory continuum linked
together by a shared semantic guidance dimension.

An important control measure was used to establish whether the
remember/know paradigm was suitable for use in the present BE task.
For the paradigm to be successful, both response types (“remember”
and “know”) had to show a good sensitivity. The results suggest that
sensitivity for both remember and know responses was adequate. This
indicates that the paradigm was successful in discriminating between
remember and know. Moreover, sensitivity is generally lower for
“know” responses, because familiarity-based recognition involves lower
memory-strength (Anderson & Bower, 1972). Memory-strength refers
to the amount of source memory that is being retrieved for a test item.
Source memory is the spatiotemporal aspect of recollection (important
for episodic memory), which can be triggered by contextual informa-
tion (Pandey, 2011). In other words, when more source information is
available, there will be more recollection (remember) responses
(Slotnick & Dodson, 2005). This pattern was also present in the current
study. Moreover, participants also had a conservative response bias for
both remember and know responses. These response biases indicate
that participants applied a high response criterion, meaning that they
had high levels of certainty before choosing remember or know.

The current study had its share of strengths and limitations. For
instance, for future research it would be advisable to correct the pro-
portion of know responses, since evidence suggests that analysing the
uncorrected know responses leads to an underestimation of familiarity
(Yonelinas, 2002). Furthermore, to investigate whether BE occurred in
individual trials, it was not possible to create a receiver operating
characteristic (ROC) curve (see e.g.: Migo et al., 2012). Here, an esti-
mation of overall performance across the BE task would not have been
indicative either, since the effect would cancel out. However, evidence
does suggest that certain ROC patterns are indicative of either a dual-
process model or remember/know responses or of a single-process
model (Morris & Rugg, 2004). It would also be advisable to add an
independent memory task as it would allow to investigate whether
participants with stronger episodic memory would experience more BE,
especially considering the fact that participants in the current study
were all university students where good episodic memory could be
expected. On the other hand, the current design made it possible to
study the difference between episodic and semantic memory by only
presenting a scene once before participants made their remember/know
response. The way in which the snaps were designed made it possible to
create a situation of cued recall without providing explicit cues/in-
formation about the boundaries of the scene. Moreover, we observed
that showing all versions of the complete scene (WC, OR, CW) in suc-
cession, separated by the rating scale, did not change the strength of the
BE effect.

5. Conclusion

The aim of the current study was to investigate whether boundary
extension (BE) is an exclusive product of episodic memory or whether
semantic scene knowledge is also involved. No other study, to our
knowledge, has directly investigated this distinction with regard to the
BE effect. Based on the findings from the current study, it appears that
BE is not necessarily fully based on episodic memory retrieval. BE also
involves a form of semantic based memory retrieval, where semantic
scheme knowledge appears to be involved. This might suggest that BE is
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part of more general declarative memory, instead of solely a con-
sequence of or prerequisite for recollection. In other words, BE might
not be a phenomenon uniquely connected to episodic memory, but it
may also arise from other forms of declarative memory. Additionally,
the fact that BE was not larger in episodic memory suggests that the
feeling of recollection does not fully depend on the ability to imagine
the spatial frames of scenes. It seems that an automatic semantic pro-
cess, driven by schematic spatial knowledge, is also implicated in the
occurrence of BE. Future research should closer investigate this se-
mantic mechanism amongst other by comparing BE across remember
and know responses in highly familiar scenes to completely novel
scenes (where semantic guidance might be lower). Gaining more insight
in the BE phenomenon could provide more knowledge about processes
implicated in episodic and semantic based memory retrieval, but also in
the way in which our brain makes predictions about the external world.
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