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Reinstating the context present at encoding during the test phase generally enhances recognition memory
compared with changing the context when specific item—context associations are established during encoding.
However, it remains unclear whether context reinstatement improves the performance in differentiating between
old and similar items in recognition memory tests and what underlying cognitive processes are involved. Using
the context reinstatement paradigm together with event-related potentials (ERP), we examined the context-
dependent effects of background scenes on recognition discrimination among similar objects. Participants
were instructed to associate intentionally specific objects with background scenes during the encoding phase and
subsequently complete an object recognition memory task, during which old and similar new objects were
presented superimposed over the studied old or similar new background scenes. Electroencephalogram was
recorded to measure the electrophysiological manifestations of cognitive processes associated with episodic
retrieval. Behavioral results revealed enhanced performance in differentiating old from similar objects in the old
context, as opposed to the similar context condition. Importantly, ERP results indicated a more pronounced
recollection-related parietal object old/new effect in the old context compared to the similar context condition.
This suggests that the ability to distinguish between old and similar objects in recognition memory is primarily
driven by recollection rather than familiarity, particularly when the encoding context is reinstated during the test
phase. Our findings are in line with the account that the impact of context reinstatement on object recognition
memory is attributable to the enhanced recollection of specific item—context associations during retrieval and
provides evidence for the specificity of episodic associative representations.

1. Introduction

Context plays a crucial role in episodic memory. Reinstating the
encoding context in the test phase may enhance memory retrieval
relative to changing the context (Hockley & Bancroft, 2015; Isarida &
Isarida, 2014; Roediger et al., 2017; Smith, 2014). For example, going
back to an old place such as our university campus often brings back
memories of the past that might never be remembered in other places.
Numerous studies have previously established the positive effects of
context reinstatement on episodic memory, particularly in recall tasks
(Godden & Baddeley, 1975; Smith, 1985; Smith & Vela, 2001; Smith

et al., 1978). According to the encoding specificity principle (Tulving &
Thomson, 1973), context information presented concurrently with the
to-be-remembered information at study can serve as a retrieval cue for
accessing the target information from stored memory traces during the
test phase.

It is noteworthy that context reinstatement effect is less consistent in
recognition memory tasks (Isarida & Isarida, 2014; Roediger et al.,
2017). The contextual dependence of recognition discrimination, which
pertains to the ability to distinguish between old and new test items in
memory, was not supported in early studies (Godden & Baddeley, 1980;
Murnane & Phelps, 1995, 1994, 1993; Smith et al., 1978). Specifically,
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these studies generally revealed higher rates of both hit and false alarm
responses to test items when the test context was old relative to the new
context, which is commonly referred to as the concordant effect. There
were no notable discrepancies in memory discrimination accuracy be-
tween the conditions of the old and new contexts. The global matching
model (e.g., Clark & Gronlund, 1996) explains the concordant effect by
assuming that the context automatically acts as a retrieval cue to match
with the memory traces, thus augmenting the familiarity of both old and
new test items. Fortunately, subsequent research has demonstrated
reliable context reinstatement effects on recognition discrimination ac-
curacy, especially when the context is intentionally encoded together
with the to-be-remembered items (Hanczakowski et al., 2014; Hockley,
2008; Hockley et al., 2012; Isarida et al., 2020; Murnane et al., 1999;
Shahabuddin & Smith, 2016). Therefore, it is possible that reinstated
context in a test is more likely to improve recognition memory when
individuals successfully associate the study items with their contexts
during encoding (Hockley & Bancroft, 2015).

However, the neurocognitive mechanisms underlying context rein-
statement effects in recognition memory are not yet clear. It is well-
accepted that recognition memory can be underpinned by two disso-
ciable cognitive processes, namely familiarity and recollection (Yoneli-
nas, 2002). While familiarity is a rapid process that occurs without the
need for retrieval of specific details of a previously experienced event,
recollection is a conscious process that necessitates the retrieval of
relevant event details. To date, two competing views have attempted to
explain which cognitive processes support the beneficial impacts of
context reinstatement on memory performance.

The item, associated context, and ensemble (ICE) model, an extended
version of the global matching model, proposes that not only the context
itself but also the ensemble information influences the recognition
memory performance (Murnane et al., 1999). Ensemble information, as
a unique memory representation formed by integrating the study item
with context during encoding, would additionally increase the hit rates
to study items when the context is reinstated at test, thus resulting in a
recognition discrimination advantage in the old context owing to the
enhanced familiarity-based recognition judgments during the test.

The dual-process account offers an alternative perspective (Grup-
puso et al., 2007; Macken, 2002). It proposes that the beneficial effects
of context reinstatement on item recognition memory are driven by
facilitated recollection during retrieval. Specifically, individuals are
more likely to recognize the study items when the exact context paired
with the item during encoding is reinstated during the test because they
have bound the study items to their contexts during encoding and sub-
sequently consciously recollect the specific item—context associations.
Several studies support this account by showing that context effects in
recognition tests are accompanied by recollection-based rather than
familiarity-based recognition judgments using the remember/know
procedure (Diana et al., 2013; Hockley, 2008; Gruppuso et al., 2007;
Macken, 2002).

Notably, most of the previous studies investigating context effects in
recognition memory have used recognition tests containing studied and
completely new items (Ensor et al., 2023; Hanczakowski et al., 2015;
Isarida et al., 2020; Shahabuddin & Smith, 2016). It remains unclear
whether context reinstatement effects also occur for recognition
discrimination between old items and physically similar new items. It is
relatively difficult to discriminate among similar items in recognition
memory, which is thought to depend on pattern separation, a neuro-
computational process by which similar items sharing overlapping fea-
tures with old items are transformed into less similar ones (Leal & Yassa,
2018; Yassa & Stark, 2011). To date, three studies have addressed this
question by examining the impacts of background scene pictures on
object recognition memory (Doss et al., 2018; Racsmany et al., 2021;
Szollosi et al., 2023). All these studies found that picture context rein-
statement increased both correct responses to old objects and false alarm
rates for similar objects, while not affecting recognition discrimination
between old and similar objects.
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The lack of beneficial outcomes of context reinstatement on the
ability to distinguish between old and similar objects in these studies
may be attributed to several methodological issues. On the one hand,
participants were engaged in an incidental encoding task during the
study phase and were unaware of the memory test that would be con-
ducted in the future (Doss et al., 2018; Racsmany et al., 2021; Szollosi
et al., 2023). On the other hand, participants were directed to concen-
trate solely on the objects during encoding (Racsmany et al., 2021;
Szollosi et al., 2023). These manipulations may have impeded partici-
pants from establishing unique object-context associations during
encoding, thus potentially diminishing the memory advantage in the old
context condition. Interestingly, despite Doss et al. (2018) instructing
participants to create associations between the objects and their contexts
during the study phase, no context reinstatement effects on the ability to
discriminate between old and similar objects were observed. This may
be due to the contextual manipulation by which a particular context had
to be linked with multiple study items instead of exclusively linking it
with one study item, thus compromising the benefits of context rein-
statement on recognition memory because of the interference caused by
competing associations. In support of this view, it has been shown that it
becomes more difficult for participants to retrieve specific associations
as the number of associations between different study items and the
same context increases (Hockley & Bancroft, 2015; Reder et al., 2013).

The first objective of the present study was to examine the contextual
influence of background scenes on recognition memory in situations that
require differentiation between old and similar objects, using the
context reinstatement paradigm. We used common and familiar objects
as study items and semantically unrelated background pictures of real-
world scenes as contexts (see Fig. 1 for example). Each object was
paired with a unique background scene during encoding. Critically, the
participants were required to associate objects with background scenes
intentionally during encoding. Afterward, they undertook a recognition
memory task that comprised of studied objects and similar objects that
were physically and conceptually similar to the studied objects (e.g., two
different suitcases) regardless of their background contexts. In the old
context condition, the test objects were presented with pictures of the
old background scene from the study phase. Notably, we manipulated
the new context condition by presenting the test objects together with
new background scenes that were physically and categorically similar to
the scenes from the study phase (e.g., two different bookshelves).

It has been suggested that representations of associative information
in episodic memory can be remembered at different levels of specificity
(Greene, et al.,, 2022; Greene & Naveh-Benjamin, 2020; Greene &
Naveh-Benjamin, 2022; Greene & Naveh-Benjamin, 2023). The highly
specific representation of an association refers to a representation that
retains precise information about which specific components had been
associated together during encoding (e.g., remembering that the helmet
had been paired with the particular desert scene). The gist representa-
tion of an association refers to a representation of association at a less
specific or detailed level (e.g., remembering that the helmet had been
paired with a desert scene, but not remembering specifically which
desert scene). In the present study, it is supposed that highly specific
representations of associative information would be retrieved for the old
objects in the old context condition, while less specific or gist repre-
sentations of associative information would be retrieved for the old
objects in the similar context condition. As a result, by taking the similar
context as a control condition, we can examine the effects of the speci-
ficity of object-context associations on recognition memory.

Furthermore, the present study aimed to elucidate the cognitive
mechanisms that underlie the beneficial effects of context reinstatement
on memory performance. To this end, electroencephalogram (EEG) was
captured, and event-related potentials (ERP) were extracted during the
test phase. The ERP technique is widely recognized for its ability to offer
a reliable measure of the subprocesses involved in the retrieval of
episodic memory (Rugg et al., 1998). Two ERP old/new effects have
been identified in previous ERP studies, which can be viewed as
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Fig. 1. Panel A shows examples of the quadruples; each quadruple contains two similar objects and two similar background scene pictures and thus, four
object-scene arrangements. Panel B shows the context reinstatement task. At study, objects were presented superimposed on a unique background scene picture. At
test, the old and similar new objects were presented superimposed on a restated background scene picture (i.e., old context) or a similar new background scene

picture (i.e., similar context), resulting in four different experimental conditions.

potential indicators of familiarity and recollection, respectively. The
early mid-frontal old/new effect that occurs approximately 300 ms after
stimulus onset—maximal at frontal recording sites—is associated with
familiarity-based recognition (Mecklinger & Bader, 2020; Rugg &
Curran, 2007). The late parietal old/new effect that emerges around
500 ms post-stimulus is indicative of recollection-based remembering
(Friedman & Johnson, 2000; Rugg & Curran, 2007). The topography of
this effect exhibits a parietal maximum for words but is more wide-
spread for pictures (Gutchess et al., 2007; Holtje & Mecklinger, 2020).
By comparing the ERP old/new effects between reinstated and similar
contexts, we can explore the specific cognitive processes underlying the
advantages of context reinstatement in discrimination among similar
items in recognition memory. Of importance, we can investigate the
electrophysiological correlates of the specificity of object-context asso-
ciations in episodic memory.

Behaviorally, we predicted that reinstatement of the encoding
context relative to the similar context during retrieval would lead to an
enhanced ability to distinguish between old and similar objects. Ac-
cording to the ICE model, context reinstatement effects on object
recognition would be accompanied by an increased mid-frontal old/new
effect related to familiarity during object recognition in the old context
in comparison to the similar context condition. Conversely, according to
the dual-process account and specificity principle of memory, if in-
dividuals successfully recognized the study objects because they recol-
lected highly specific details about object-context associations under the
old context condition, there would be a more pronounced parietal old/
new effect indexing recollection during object recognition in the old
context as opposed to the similar context condition.

2. Methods
2.1. Participants

G*Power (v. 3.1; Faul et al., 2007) was utilized to determine sample
size. The results of a priori power analysis indicated that 27 participants
would be necessary to achieve 80% power in detecting a higher
discrimination accuracy in the old relative to the similar context con-
dition, assuming a medium effect size of 0.5 and a significance level of
0.05. However, a larger sample size was ultimately employed for the
purpose of counterbalancing.

A total of thirty-one university students who were in a state of good
health were recruited for the experiment. All of these individuals were
native speakers of the Chinese language and had normal or corrected-to-
normal vision. Furthermore, they did not exhibit any signs of neuro-
logical or psychiatric disorders. Due to an inadequate number of artifact-
free trials (<15) for the purpose of computing the averaged ERP in at
least one experimental condition, data from one participant were
eliminated, leading to a final cohort of 30 participants (15 females, mean
age = 21.93 years, standard deviation (SD) = 2.97). The Ethics Com-
mittee of the Institute of Psychology, Chinese Academy of Sciences gave
their approval for the experimental procedures. All participants pro-
vided informed consent and were paid for their participation.

2.2. Materials

Stimuli were selected from the Official Rating of Complex Arrange-
ments (ORCA) picture database developed for cross-cultural cognitive
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research (Weigl et al., 2023). Specifically, in this database, there were
180 common and familiar object pairs (e.g., two pictures of a suitcase)
and 180 indoor and outdoor scene pairs (e.g., two pictures of a field)
with high physical and conceptual similarities. The pictures of an object
pair were separately placed in the center of the pictures of one scene
pair, resulting in 180 quadruples, each containing four object-scene
combinations. Examples of quadruples are presented in Fig. 1A. In Weigl
et al. (2023), 24 young Chinese participants (12 females, mean age
21.83 years, SD = 2.40) were enlisted to rate the familiarity of objects
and semantic fit of object-scene associations using a 6-point self-report
scale. Familiarity refers to the extent to which one experiences an object
in one’s personal life. Semantic fit refers to the extent to which one can
associate the depicted object with the scene depicted in the background.
The ratings of familiarity of objects ranged from 1 (not familiar at all) to
6 (completely familiar), and the ratings of semantic fit of object-scene
associations ranged from 1 (not associated at all) to 6 (completely
associated). The mean familiarity for the two pictures in each object pair
and the mean semantic fit for the four object-scene associations in each
quadruple were calculated. We selected 120 quadruples from the data-
base based on the criteria of mean familiarity > 3.5 and mean semantic
fit < 3.5. The results showed that the object pictures had a high famil-
iarity (5.11 + 0.41) and the object-scene associations had a low se-
mantic fit (1.59 + 0.49).

In the present experiment, an object picture selected at random from
an object pair was presented during the study phase and later utilized as
an old item. Another picture in this object pair served as a new item
during the test phase. Similarly, one picture randomly selected from a
scene pair was presented during the study phase and later employed as
an old background context. Another picture in this scene pair served as a
new background context during the test phase. Object-scene combina-
tions during recognition were always from predetermined quadruples.
To ensure equal presentation of each object picture and scene picture in
a quadruple, the recognition status and context condition assignments
were counterbalanced. This ensured that every picture was presented
with equal frequency as an old or similar item and as an old or similar
context.

The formal experiment involved four study-test blocks. Each study
list comprised 30 object—scene associations. Each test list consisted of 30
studied object pictures and 30 non-studied similar object pictures that
were similar in physical and categorical attributes to the old objects,
superimposed over an old or new background scene picture. Of the 30
studied objects, 15 were displayed on the original background scene
picture as paired at study, and 15 were displayed on a new background
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scene picture physically and categorically similar to the background
pictures as paired at study. Of the 30 non-studied similar objects, 15
were tested with an old background scene picture presented at study and
15 were tested with a similar background scene picture not presented at
study (see Fig. 1B). The arrangement of the study-test blocks was
counterbalanced among the participants. Across the four test lists, 240
trials were executed, including 60 associations for each of the following:
old object-old context, old object-similar context, similar object—old
context, and similar object-similar context.

2.3. Procedures

The E-Prime 2.0 software (Psychology Software Tools, Inc.) was
utilized to design the experiment, while the participants employed a
keyboard to provide their responses. All pictures (object: 256 x 256
pixels; scene: 640 x 480 pixels) were presented in a central position on a
white background. The viewing distance was approximately 100 cm,
and all images were digitally calibrated to maintain uniformity in terms
of brightness and contrast.

The experimental procedures for the study and test phases are
depicted in Fig. 2. In the study phases, a trial was initiated with the
presentation of a fixation cross (+) in the middle of the screen for a
duration of 500 ms. An object picture superimposed over a background
scene picture was then presented in a randomized sequence for 5,000
ms. To motivate the participants to engage in active encoding of each
object-context association, a rating interface was provided to prompt
them to rate whether the object spatially fits with the background scene
picture. The scale ranged from 1 (lowest fit) to 6 (highest fit), and the
participants were allowed to rate at their own pace. Subsequently, the
next trial was initiated.

A distraction task was implemented between the study and test
phases, wherein participants were required to undertake a novelty
oddball task for a duration of 150 s. The participants were instructed to
press the space key in response to a target stimulus (i.e., “X”’) and not to
respond to a standard (i.e., “O”) or a novel (e.g., “y”) stimulus.

During the test phases, every trial was initiated with a fixation cross
displayed for 500 ms, succeeded by the presentation of an object picture
superimposed over a background scene picture presented in random
order with a maximum duration of 2,000 ms. An “old/new” prompt
under the picture background was used to instruct the participants to
indicate whether the object had been previously presented during the
study phase, regardless of the background scene picture. They were
instructed to respond as accurately as possible. The prompt was

Study phase
Spatial fit?
+ - & Not at all absolutely
123456
500 ms 5000 ms self-paced
Test phase
?
+ How sure were you?
object object Not so sure  Very sure
old new old new
500 ms ~2000 ms self-paced self-paced 1000~1500 ms

(if applicable)

Fig. 2. Schematic representing a trial at the study and test phases during the context reinstatement task.
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displayed until a response was obtained. Thereafter, a confidence rating
screen was presented to direct the participants to assess their level of
certainty in their recognition decision by means of a two-alternative,
forced-choice examination (i.e., not so sure or very sure). Once the
participants had provided their response, a blank screen was exhibited
for a period of 1,000 ~ 1,500 ms, after which the next trial was initiated.

Preceding the initiation of the formal experiment, each participant
was subjected to a brief practice session aimed at familiarizing them
with the procedures. To reduce EEG artifacts, the participants were
advised to sustain gaze fixation, remain calm, and abstain from making
any head or eye movements aside from blinking.

2.4. EEG recording and processing

An elastic cap containing 62 Ag/AgCl electrodes was utilized to re-
cord the EEG in a continuous manner, following the extension of the
international 10-20 system. Electrodes were positioned above and
below the left eye, as well as on the outer canthi of both eyes, in order to
obtain vertical and horizontal electrooculograms. The electrode im-
pedances were maintained below 5 kQ. Amplification of the EEG was
carried out through a Neuroscan Synamps amplifier (https://www.neur
oscan.com) operating within a frequency range of 0.05 to 100 Hz, with a
sampling rate of 500 Hz. The electrodes were initially referenced to the
left mastoid during online recording, and subsequently re-referenced to
the average of the left and right mastoids during offline analysis.

The EEG data obtained from the test phase was subjected to an offline
analysis using the Neuroscan v. 4.3 software package. The ocular artifact
reduction algorithm, which employs a regression-based approach, was
utilized to automatically rectify eye blink artifacts (Semlitsch et al.,
1986). The data was filtered through a low-pass zero-phase shift FIR
filter with a cutoff frequency of 30 Hz (12 dB/octave). Segments were
extracted from —200 to 2000 ms relative to the stimulus onset. Baseline
correction of the segments was carried out based on activity during the
200 ms preceding to the stimulus onset. Any segments with amplitudes
exceeding + 100 uV were removed to eliminate any artifacts that may
have been caused by eye movements, muscle activity, electrode drift, or
other sources of interference.

To obtain sufficient segments for averaging the ERP, the ERP re-
cordings for accurately recognized old objects and properly rejected
similar objects in both old and similar context conditions were combined
across the two confidence levels. Each participant had to produce at
least 15 artifact-free segments in each experimental condition to guar-
antee an acceptable signal-to-noise ratio. One participant was elimi-
nated because of limited valid segments. Henceforth, the dataset
comprises 30 participants who were included for further statistical an-
alyses. The mean number of segments (mean + SD and range) contrib-
uting to the grand average ERP in each condition was as follows: old
context: old object (47 + 8; 18-58) and similar object (47 + 8; 29-58);
similar context: old object (44 + 8; 19-58) and similar object (47 + 7;
29-59). According to the results of a one-way repeated-measures anal-
ysis of variance (ANOVA), there were no significant disparities in the
number of trials among the four conditions (F(3,87) = 1.84, p =.169,
partial 12 = 0.06).

2.5. Statistical analyses

2.5.1. Behavioral data

To examine context reinstatement effects on object recognition
memory, we analyzed the recognition performance collapsed across two
confidence levels.

The mean proportions of old responses were subjected to a repeated-
measures ANOVA with the within-subjects factors of Context (old,
similar) and Object (old, similar). In addition, we calculated the
discrimination accuracy (d’ = z(hit rates to old objects) — z(false alarm
rates to similar objects)) and response bias [C = - [z(hit rates to old
objects) + z(false alarm rates to similar objects)]/2] according to signal
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detection theory to obtain a bias-free measure of recognition perfor-
mance for each context condition. Paired-samples t-tests were then
employed to examine the differences in d’ and C between the old and
similar context conditions. Given our hypothesis that discrimination
accuracy would exhibit an increase in the old context conditions as
opposed to the similar context conditions, we employed a one-tailed test
of significance to investigate this effect.

The mean response times data of correct responses were subjected to
a repeated-measures ANOVA with the within-subjects factors of Context
(old, similar) and Object (old, similar).

2.5.2. ERP data

The mean amplitude data relative to the pre-stimulus baseline period
was subjected to repeated-measures ANOVAs. The ERP old/new effect
was quantified by computing the mean amplitudes during the time in-
tervals of 300-600 ms and 800-1,200 ms, which were determined based
on visual examination of the grand average waveforms and previous
research (Diana et al. 2011; Mecklinger & Bader, 2020; Rugg & Curran,
2007). These specific time windows were selected to characterize the
early mid-frontal and late parietal old/new effects, respectively. A
relatively late onset time window for the parietal old/new effect was
chosen predominantly based on visual examination of the grand average
waveforms, which is in line with a prior investigation that focused on the
retrieval of source memory (Diana et al. 2011). The data from three
electrode sites in each of the four scalp regions were averaged and
subjected to ANOVAs. These regions include the left frontal region (F1,
F3, and F5), the right frontal region (F2, F4, and F6), the left parietal
region (P1, P3, and P5), and the right parietal region (P2, P4, and P6).

The initial analysis involved conducting repeated-measures ANOVAs
with the within-subjects factors of Context (old, similar), Object (old,
similar), Region (frontal, parietal), and Hemisphere (left, right) on the
average amplitudes of each time window. In cases where there were
significant interactions involving the Object and Context factors, further
investigation was carried out through secondary ANOVA. These ana-
lyses were conducted separately for the old and similar Context condi-
tions, with the aim of assessing the old/new differences in different
context conditions. Pairwise comparisons were employed to evaluate
the old/new differences at the frontal and parietal locations for signifi-
cant interactions that involved the Object factor in each context condi-
tion. For statistically reliable old/new effects, between-context
condition comparisons were directly carried out through planned t-tests
on the old/new difference waveforms (old minus similar objects), where
appropriate. Topographical maps illustrating the old/new effects for
each context condition were generated through the subtraction of the
ERP of similar objects from the ERP of old objects.

The statistical analysis was carried out utilizing SPSS 21.0 (IBM
Corporation, Somers, NY), with the application of the Greenhouse-
Geisser correction in cases of non-spherical data. Uncorrected degrees
of freedom, corrected p-values, and effect size (Cohen’s d and partial 1)
are reported. A significance level of 0.05 was established for all analyses.

3. Results
3.1. Behavioral results

The mean proportions of old responses (i.e., hit rates to old objects
Table 1

Mean hit rates, false alarm rates, discrimination accuracy (d’), and response
biases (C) as a function of context conditions (standard error of the mean).

Hit rates False alarm rates d C
old 0.842 0.167 2.192 —0.007
context (0.020) (0.022) (0.154) (0.049)
Similar 0.790 0.155 2.045 0.126
context (0.026) (0.020) (0.135) (0.069)
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and false alarm rates to similar objects), d’, and C for each context
condition are presented in Table 1.

The repeated-measures ANOVA with the within-subjects factors of
Context and Object on the proportion of old responses revealed a sig-
nificant main effect of Context (F(1,29) = 4.64, p =.04, partial 1]2 =
0.14), suggesting higher hit and false alarm rates in the old context
compared to the similar context condition. There was a significant main
effect of Object (F(1,29) = 388.08, p <.001, partial 2 = 0.93), revealing
higher hit than false alarm rates in both the old and similar context
conditions. The interaction between Context and Object did not reach
significance (F(1,29) = 3.19, p =.08, partial r]z =0.10).

Paired-samples t-tests revealed a marginally significant higher d’ in
the old context compared to the similar context condition (£(29) = 1.70,
p =.05, Cohen’s d = 0.31). In addition, there was a higher C in the
similar context than that in the old context condition (£(29) = 2.09, p
=.045, Cohen’s d = 0.38), suggesting a more conservative response bias
in the similar context condition.

An analysis of the response times (see Table 2) using a repeated-
measures ANOVA with the within-subjects factors of Context and Ob-
ject revealed a significant main effect of Object (F(1,29) = 5.04, p =.03,
partial 12 = 0.15), indicating that response times were faster for old
objects than similar objects in both the old and similar context condi-
tions. The interaction between Context and Object did not reach sig-
nificance (F(1,29) = 3.78, p =.06, partial 1]2 =0.12).

In summary, the results revealed that the hit and false-alarm rates for
test objects in the old context were higher than the rates for those in the
similar context condition. There was a trend towards a discrimination
advantage in the old context condition compared to the similar context
condition, suggesting that context reinstatement may be beneficial in
distinguishing between old and similar objects during recognition.

3.2. ERP results

The grand average ERP evoked by correct responses to old and
similar objects in the old and similar context conditions are presented in
Figs. 3 and 4, respectively. ERP data from the time windows of 300-600
ms and 800-1,200 ms at the bilateral frontal and parietal regions of
interest were used to quantify the early mid-frontal and late parietal old/
new effects, respectively. As shown in Fig. 5, even though the ERP
waveforms were slightly more positive for old objects in the similar
context condition at frontal recording sites in the early time interval, no
noticeable old/new differences were observed in both the old and
similar context conditions in this time window. At approximately 800
ms after stimulus onset, a noticeable divergence between the ERP
waveforms for “old” and “new” objects occurs. Specifically, the wave-
forms for old objects exhibit a more positive trend compared to those for
similar objects. This positivity is observed across both anterior and
posterior sites, regardless of whether the context is old or new. However,
the parietal positivity is more pronounced in the old context condition
than in the similar context condition.

3.3. 300-600 ms

In the initial ANOVA analysis, which incorporated the within-
subjects factors of Context, Object, Region, and Hemisphere, a signifi-
cant three-way interaction was observed between Context, Object, and
Region (F(1,29) = 5.12, p =.031, partial n? = 0.15). Subsidiary ANOVA

Table 2

Mean response times (in milliseconds) for correctly recognized old objects and
correctly rejected similar objects as a function of context conditions (standard
error of the mean).

Old object Similar object
Old context 1516 (60) 1649 (64)
Similar context 1596 (69) 1645 (71)
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conducted for the old context demonstrated no significant main effect or
interactions that involved the Object factor. This finding indicates that
object recognition evoked no apparent old/new differences at any scalp
region in the old context condition (see Fig. 5). A subsidiary ANOVA for
the similar context indicated a marginally significant interaction be-
tween Object and Region (F(1,29) = 4.19, p =.05, partial n? = 0.13).
Pairwise comparisons revealed no significant old/new effects at either
the frontal (£(29) = 1.73, p =.094, Cohen’s d = 0.32) or parietal regions
(t(29) = 0.44, p =.661, Cohen’s d = 0.08), despite the numerically
greater old/new differences at the frontal region (0.71 pV) compared
with those at the parietal region (0.13 pV; see Fig. 5).

To summarize, there was a lack of reliable mid-frontal old/new ef-
fects detected in the 300-600 ms time window in both the old and
similar context conditions.

3.4. 800-1200 ms

In the initial ANOVA analysis, which incorporated the within-
subjects factors of Context, Object, Region, and Hemisphere, a main
effect of Context (F(1,29) = 17.70, p <.001, partial nz = 0.38), a main
effect of Object (F(1,29) = 32.89, p <.001, partial n2 = 0.53), and a
Context x Object x Region interaction (F(1,29) = 7.44, p =.011, partial
nz = 0.20) were observed.

A Subsidiary ANOVA for the old context revealed a main effect of the
Object (F(1,29) = 37.69, p <.001, partial n2 = 0.57). Meanwhile, no
significant interactions with regards to the Object factor were identified
(Fs < 1), indicating widespread old/new effects at the frontal and pa-
rietal scalp regions for correctly recognized old objects during this time
interval (see Fig. 5). A subsidiary ANOVA for the similar context
revealed a main effect of Object (F(1,29) = 8.48, p =.007, partial 2 =
0.23) as well as a marginally significant interaction between Object and
Region (F(1,29) = 4.19, p =.05, partial n2 = 0.13). Pairwise comparisons
revealed a trend for more prominent old/new differences at the frontal
scalp region (t(29) = 3.07, p =.005, Cohen’s d = 0.56) than at the pa-
rietal scalp region (£(29) = 2.20, p =.036, Cohen’s d = 0.40), as shown in
Fig. 5. The topographical maps of the old minus the similar difference
waveforms for each context condition during this time window are
illustrated in Fig. 6A.

In an additional analysis, we directly contrasted the old/new dif-
ference waveforms in the old and similar context conditions. This
analysis revealed comparable old/new differences at the bilateral fron-
tal region (collapsed over six frontal electrodes F1/3/5/2/4/6) for both
context conditions (£(29) = 0.32, p =.749, Cohen’s d = 0.06). At the
bilateral parietal region (collapsed over six parietal electrodes P1/3/5/
2/4/6), there was a more pronounced old/new effect for the old than for
the similar context condition (t(29) = 2.50, p =.018, Cohen’s d = 0.46).
The mean amplitudes of the old/new effect (old minus similar objects)
observed at the bilateral frontal and parietal regions for each context
condition are shown in Fig. 6B.

To summarize, during the time window of 800-1,200 ms, object
recognition evoked widespread old/new effects in the old context con-
dition. In the similar context condition, object recognition also evoked
significant old/new differences that were broadly distributed across the
scalp, with the most prominent effect appearing to be over the frontal
scalp region. The between-context condition contrasts revealed a greater
parietal old/new effect associated with recollection in the old context
condition than in the similar context condition (see Fig. 6C).

4. Discussion

Context dependency is a key characteristic of episodic memory.
Reinstating the exact context paired with the study items during
encoding in a recognition test may boost recognition performance when
the study items are intentionally encoded in association with their
contexts. However, it remains unclear whether there are context rein-
statement effects on the ability to differentiate between old and similar
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items in recognition. In addition, the exact cognitive mechanisms un-
derlying the favorable effects of context reinstatement on recognition
memory have not been elucidated. The present study endeavors to
provide direct answers to these questions by investigating whether

reinstated background scenes affect the discrimination between studied
objects and physically and conceptually similar objects. To examine the
relative contribution of familiarity and recollection to episodic retrieval,
EEG data was collected during the object recognition memory test and
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ERP old/new effects were computed. As far as we are aware, this is the
first investigation to explore how reinstated contexts influence ERP in-
dicators of the retrieval process underlying object differentiation be-
tween old and similar objects during recognition.

Behaviorally, we anticipated that the reinstated context condition
would demonstrate a discrimination advantage over the similar context
condition. Overall, the present results lend support to our hypothesis,
revealing that participants exhibited a trend towards superior discrim-
ination accuracy in the old context as compared to the similar context
conditions. As noted, prior research addressing similar question have
not shown any evidence of context reinstatement effects on recognition
discrimination between old and similar objects (Doss et al., 2018;
Racsmany et al., 2021; Szoll6si et al., 2023). This may be because that, in
the present study, the participants were instructed to focus intentionally
on the relationship between objects and their background scenes during
encoding for a subsequent recognition test, which might have encour-
aged them to integrate the objects with their context to a greater extent.
In addition, rather than pairing multiple study items with one picture
context (e.g., Doss et al., 2018), we paired each object with a unique
background scene picture during encoding. These manipulations might
have made it more likely for participants to form and retrieve unique
item—context associations. Taken together, our behavioral results extend
previous studies (Doss et al., 2018; Ensor et al., 2023; Hanczakowski
et al., 2015; Isarida et al., 2020; Racsmany et al., 2021; Sz6ll6si et al.,
2023; Shahabuddin & Smith, 2016) by showing that a reinstated context
relative to a similar context may enhance the participants’ ability to
distinguish old objects from similar lures during recognition.

In addition, theoretical explanations regarding the neurocognitive
mechanisms underlying context reinstatement effects of recognition
memory remain controversial. Regarding the cognitive process that
supports the differentiation between old and similar objects in the

reinstated context, global matching models suggest that the reinstated
context would leads to a rise in both the hit and false alarm rates while
leaving memory discrimination accuracy unaffected because old con-
texts augment the familiarity of both the old and new items during the
test phase (Murnane & Phelps, 1993, 1994, 1995). The ICE model ex-
tends traditional global matching models by proposing that when study
items and their contexts are integrated as unique mnemonic traces, the
ensemble information enhances memory discrimination by additionally
increasing the familiarity of old items when the context is reinstated at
test (Murnane et al., 1999). In the present study, during the early time
window of 300-600 ms, our ERP results did not reveal significant early
mid-frontal ERP old/new effects related to familiarity in either the old or
similar context conditions. These results indicate that familiarity does
not play a role when discrimination between studied objects and similar
objects is required. Moreover, the present ERP results fail to corroborate
the ICE model, since our findings suggest that familiarity does not
contribute to discriminating among similar items in both the old and
similar context conditions.

An alternative account is that the memorial benefits of context
reinstatement in distinguishing old and new objects are due to the
recollection of the unique object-scene associations established during
encoding in the old context in recognition (Diana et al., 2013; Gruppuso
et al.,, 2007; Macken, 2002). In the present study, during a later time
window of 800-1,200 ms, we found broadly distributed old/new effects
for correctly identified old objects versus correctly rejected similar ob-
jects in both the old and similar contexts. The broad topographic dis-
tribution of the old/new differences in the current study aligns with
previous recognition memory research that investigate the recollection-
based remembering process using pictures as experimental stimuli
(Gutchess et al., 2007; Holtje & Mecklinger, 2020). The present findings
suggest that the recollection process greatly supports discrimination
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Fig. 6. Panel A displays the topographical maps of the old/new effects
(800-1,200 ms) for old and similar context conditions, which were created by
subtracting the ERP for correctly rejected similar objects from the ERP for
correctly recognized old objects. The amplitude range is indicated by the scale
bar. In Panel B, the mean amplitudes of the old/new effects are presented for
both the old and similar context conditions. These effects were measured at
bilateral frontal and parietal scalp regions, which were determined by aver-
aging data from six electrodes each. Specifically, the electrodes used were F1/
3/5/2/4/6 for the frontal region and P1/3/5/2/4/6 for the parietal region. The
error bars denote the standard error of the mean. *p <.05. Panel C exhibits the
topographical map of the difference in old/new effects between the old and
similar context conditions.

among similar items in recognition memory, which is consistent with a
previous behavioral study examining cognitive processes involved in the
object pattern separation task (Kim & Yassa, 2013). Critically, our re-
sults indicated greater old/new differences at the parietal regions in the
old context than in the similar context conditions, suggesting a greater
contribution of recollection rather than the familiarity process to object
recognition memory in the old relative to the similar context condition.
Consequently, we provide direct evidence for the dual-process account
that the favorable impacts of context reinstatement on the differentia-
tion between old objects and similar objects in memory are attributed to
recollecting particular item—context associations during retrieval.

The present findings also provide evidence for the levels of specificity
in episodic memory (Craik, 2002), which suggests that episodic mem-
ories can be accessed at a highly specific level of representation (e.g.,
remembering the exact object one has previously experienced) or at a
less specific level of representation (e.g., remembering a similar object
to those one has previously experienced). Recent studies demonstrate
that levels of specificity of item memory can be extended to the asso-
ciations between items and contexts in episodic memory, meaning that
representations of associative information in episodic memory can be
retrieved at different levels of specificity (Greene, et al., 2022; Greene &
Naveh-Benjamin, 2020; Greene & Naveh-Benjamin, 2022; Greene &
Naveh-Benjamin, 2023). Evidence supporting this account indicates that
older adults experience a greater decrease in retrieving highly specific
representations of associations compared to remembering gist repre-
sentations of associations (Greene, et al., 2022; Greene & Naveh-
Benjamin, 2020). In the present study, highly specific representations
of object-context associations would be retrieved during recognition of
old objects in the old context condition, while gist representations of
associations would be retrieved during recognition of old objects in the
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similar context condition. As a result, the present findings suggest that
the creation of specific representation of object-context associations is
beneficial to discriminate between old and similar objects when making
recognition memory judgements. Of importance, our ERP results point
to the fact that recollection plays a greater role when remembering
highly specific associative representations in the old context condition
than when remembering gist representations in the similar context
condition.

Overall, the ERP results in the current study extend previous
behavioral studies (Diana et al., 2013; Gruppuso et al., 2007; Hockley,
2008; Macken, 2002) that employ a remember-know paradigm to
examine the roles of familiarity and recollection in context effects on
recognition memory based on individuals’ subjective feelings. In addi-
tion, the present study also extends previous ERP studies investigating
the cognitive processing that underlie context reinstatement effects on
recognition memory (Bramao & Johansson, 2017; Bramao et al., 2017).
These studies report significant ERP old/new effects related to recol-
lection by contrasting the ERP responses linked to memory retrieval in
the old context with those observed in the no-context condition. Our
study is unique in that it reveals recollection-related electrophysiolog-
ical evidence for the memorial benefits of context reinstatement in
discriminating among similar items in recognition tests when the orig-
inal contexts are reinstated, with similar contexts as a control condition.
Finally, the present study has important implications for research on the
neural basis of context reinstatement effects on recognition memory.
Previous studies have identified that the parahippocampal/hippocam-
pal cortex is associated with the memory recollection process for context
information and item-context associations (Diana et al., 2007) and may
have a crucial role in reinstating the studied context to mediate suc-
cessful episodic memory retrieval in recognition memory (Diana et al.,
2013; Hayes et al., 2007; Hayes et al., 2010). It is plausible to assume
that these brain regions and related brain networks are especially
involved in the memorial benefits of context reinstatement on recogni-
tion memory for discriminating among similar items.

5. Conclusion

In summary, we observed that the old contexts, relative to similar
contexts, tentatively boost the ability to distinguish between old and
similar objects in recognition memory. ERP results demonstrated a more
pronounced parietal old/new effect in relation to recollection process
during object recognition in the old contexts, as opposed to the similar
contexts. These findings suggest that recollection supports context
reinstatement effects on recognition memory for discriminating among
similar items, which may further our understanding of the context de-
pendency of episodic memory. In addition, the present study provides
evidence for the specificity of episodic associative representations.
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