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Social anxiety is characterized by persistent fear of social situations and has been associated with information
processing biases, including aberrant memory for social information. Although social situations are rich in
contextual cues, little is known about context-dependent memory processes in social anxiety. Here, context-
dependent memory was studied in participants with high vs. low social anxiety. We tested whether contextual
congruency between encoding and retrieval influences memory for social (faces) versus non-social (houses)
stimuli. Participants (N = 231; high social anxiety n = 118, low social anxiety n = 113) completed a recognition
memory task of either faces or houses presented against colored backgrounds. During a recognition test, old
stimuli were presented with either encoding-congruent or incongruent background colors, along with new
stimuli. Participants were asked to make old/new judgments. Memory performance was measured using sensi-
tivity (d’) scores. A significant three-way interaction between group, task, and congruency indicated that in-
dividuals with high social anxiety showed enhanced context-dependent memory specifically for faces, but not for
houses. No such effect was observed in individuals with low social anxiety. These findings indicate that in-
dividuals with high social anxiety demonstrate an enhanced and specific context-dependent memory effect for
social stimuli. This domain-specific memory enhancement suggests that memory biases in social anxiety mani-
fest, at least in part, through differential processing of contextual information.

1. Introduction

Social anxiety is defined by a persistent fear of social or performance
situations that trigger intense anxiety (American Psychiatric Associa-
tion, 2013). Cognitive models suggest that social anxiety is shaped by
various information processing biases, including biased memory of so-
cial information (Clark & Wells, 1995; Rapee & Heimberg, 1997), and in
particular biased memory for faces (Coles & Heimberg, 2005; Staugaard,
2010). However, the nature of memory bias in social anxiety is debated.
Some researchers hypothesize that individuals with high levels of social
anxiety should have superior memory for faces due to interpersonal
sensitivity (e.g., Foa et al., 2000; Winton et al., 1995), while others
hypothesize the opposite (i.e., that they should do worse than
non-anxious controls) because they avoid looking at faces (e.g., Mansell
et al., 1999).

Echoing these diverging conceptualizations, empirical research on
memory biases in social anxiety reveals mixed results. Foa et al. (2000)
found that participants with social anxiety disorder had better memory

for faces relative to non-anxious controls. Several other studies found no
differences between participants with high vs. low levels of social anx-
iety in memory and recognition of faces (D’Argembeau et al., 2003;
Mansell et al,, 1999; Chen et al, 2002). Finally, one study by
Pérez-Lopez and Woody (2001) found that participants with high social
anxiety had worse memory for faces than control participants while
anticipating a public speech. When the effect of state anxiety was
controlled, the difference between individuals with high levels of social
anxiety and non-anxious controls disappeared, suggesting that the
memory impairment seen in individuals with high social anxiety in this
study may have been a result of state anxiety rather than trait social
anxiety.

Social situations are inherently rich in contextual information. It is
therefore possible that individuals with high levels of social anxiety
diverge in how they utilize contextual information when encoding social
stimuli, affecting their memory of social content. To the best of our
knowledge, context-dependent memory, referring to a stronger recall in
the same environment in which the original memory was formed
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(Godden & Baddeley, 1975; Smith & Vela, 2001; Tulving & Thomson,
1973), has yet to be directly studied in relation to social anxiety. Thus,
the potential association between the social nature of stimuli and
context-dependent memory in social anxiety is still unknown (but see a
precursor of such thinking in Mansell & Clark, 1999). On the one hand,
relative to participants with low levels of social anxiety, participants
with high levels of social anxiety tend to allocate greater attention to
face stimuli (Bar-Haim et al., 2007; Cisler & Koster, 2010; Lazarov et al.,
2016). This elevated attentional focus on faces might limit the atten-
tional resources allocated to contextual cues (e.g., background details)
during encoding and thus might diminish the impact of context con-
gruency during memory retrieval. Such a mechanism could ultimately
weaken the context-dependent memory effect in participants with
higher relative to lower levels of social anxiety. On the other hand,
studies have also shown that emotionally arousing stimuli tend to
enhance memory for contextual details (MacKay et al., 2004). In-
dividuals with high levels of social anxiety often experience heightened
emotional arousal when processing faces (Wangelin et al., 2012) and
thus may demonstrate improved memory for contextual details when
processing faces relative to individuals with low levels of social anxiety.
Enhanced contextual memory typically manifests in better memory
performance when the context during retrieval is congruent with the
context during encoding. Here we examine the validity of these two
diverging predictions.

In the present study we utilize the context-dependent memory effect
(Godden & Baddeley, 1975; Smith & Vela, 2001; Tulving & Thomson,
1973), to examine the effects of social vs. non-social *to-be remembered’
stimuli on memory in participants with high vs. low levels of social
anxiety. The context-dependent memory effect was measured by
comparing recognition performance under two conditions: a) when the
background context during retrieval (a certain color) was congruent
with the background context presented during encoding; and b) when
the background context during retrieval was incongruent with the
background context presented during encoding. The context-dependent
memory effect occurs when memory in congruent trials is superior to
memory in incongruent trials. According to extant views of memory
biases in social anxiety, two outcomes are possible in relation to social
stimuli: (a) Based on evidence that individuals with high levels of social
anxiety allocate greater attention to social stimuli (Bar-Haim et al.,
2007; Cisler & Koster, 2010; Lazarov et al., 2016), one may expect a
weaker context-dependent memory effect in participants with high
relative to low social anxiety; in contrast, (b) drawing on findings that
emotionally arousing stimuli enhance memory for contextual details
(MacKay et al., 2004), one may expect a stronger context-dependent
memory effect in participants with high vs. low social anxiety. No dif-
ferences were expected in the memory of non-social stimuli between
participants with high vs. low levels of social anxiety.

2. Method
2.1. Participants

Participants were 241 undergraduate students, recruited from Psy-
chology courses and through advertisement on university online mailing
lists. Interested students first completed the Liebowitz Social Anxiety
Scale (LSAS; Liebowitz, 1987; see below), as part of a larger screening
battery. Overall, 664 individuals completed the screening questionnaire.
Of these, 352 scored within the low social anxiety range (<28) and 160
scored within the high social anxiety range (>50). Those scoring in the
extremes of the LSAS severity range were invited to participate in the
memory study. Extreme groups of social anxiety rather than a contin-
uous sample were selected for two reasons: a) The group of participants
reporting high levels of social anxiety can hopefully serve as a good
analog to clinical social anxiety disorder; and b) the group reporting low
levels of social anxiety reflect most of the general population, who score
low on social anxiety scales and report minimal symptoms. Participants
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were unaware of the association between their social anxiety scores and
their recruitment to the memory study.

Exclusion criteria comprised the presence of current self-reported
psychiatric disorders or a diagnosed neurological condition known to
affect cognitive functioning. Memory data of 10 participants deviated by
more than two standard deviations from the sample’s mean (4 from the
high social anxiety group, 6 from the low social anxiety group) and were
removed from all the reported analyses. Therefore, the sample size used
in all data analyses included 231 participants.

The high social anxiety group consisted of participants with LSAS
score >50 (n = 118, 103 females, mean age = 23.45 years, SD = 3.75,
range = 19-51, Mean LSAS = 74.19, SD = 15.33). This LSAS cutoff score
reflects an optimal balance between sensitivity and specificity for
accurately identifying social anxiety disorder (Mennin et al., 2002;
Taylor et al., 2010). The low social anxiety group consisted of partici-
pants with LSAS score <28 (n = 113, 87 females, mean age = 25.61
years, SD = 7.6, range = 19-59, Mean LSAS = 16, SD = 7.6), capturing
those who scored at the bottom of the sampling pool, reflecting minimal
social anxiety (Mennin et al., 2002).

2.2. Measure of social anxiety

Social anxiety was measured using the self-report version of the LSAS
(Liebowitz, 1987). The LSAS lists 24 socially relevant situations, each
rated on two scales ranging 0-3, representing levels of fear and avoid-
ance provoked by the described situation. Items are rated in relation to
the passing week. The LSAS was found to have high internal consistency,
strong convergent and discriminative validity, and high test-retest reli-
ability (e.g., Baker et al., 2002; Fresco et al., 2001; Heimberg et al.,
1999). Cronbach’s alpha in the current sample was 0.97.

2.3. Memory task

Encoding. In the faces condition, color photographs of 28 male and
28 female models were taken from four databases: Karolinska Directed
Emotional Faces database (KDEF; Lundqgvist et al., 1998), Radboud
Faces Database (RaFD; Langner et al., 2010), the NimStim set of facial
expressions (Tottenham et al., 2009) and FACES database of facial ex-
pressions (Ebner et al., 2010). Images were edited to reduce visual dif-
ferences between stimuli from different face sets. The photographs
contained 28 disgusted and 28 neutral faces, with equal representation
for males and females within each facial expression. The inclusion of two
distinct expressions allowed for an exploratory investigation of whether
the context-dependent memory effect varies as a function of emotional
expression. In the houses condition, the procedure was identical, with
images of houses used as the target stimuli instead of faces. The houses
images were taken from the internet and edited to reduce visual dif-
ferences between them. To maintain consistency with the design of the
faces condition, which included two types of expressions, two types of
houses were used: half of the images were of flat-roof houses, and half
were of angled-roof houses. In both conditions each image extended
295x360 pixels and was presented over one of seven possible back-
ground colors (red, green, blue, yellow, pink, grey, and orange). Use of
multiple background colors is consistent with previous research indi-
cating that it enhances the context-dependent memory effect (Isarida &
Isarida, 2007). Following the practices in previous context-dependent
memory studies (e.g., [sarida & Isarida, 2007), each trial began with
the presentation of one image in the middle of the screen (2500ms),
followed by a blank screen (500ms). Trials were presented with a new
random order for each participant. Participants were instructed to pay
close attention to the face/house images and were explicitly informed
that their memory for these images will be tested later.

Distractor task. To reduce the risk of recency effects (Broadbent &
Broadbent, 1981), participants were administered a 3-min distractor
task consisting of simple arithmetic (e.g., 25 + 33), immediately
following the encoding phase and prior to the recognition test.



L. Sommerfeld et al.

Recognition test. All 56 images displayed in the encoding task were
again displayed in the recognition test, along with 56 new images. In the
faces condition, the new images consisted of 28 new male and 28 new
female models added from the same databases (foil trials), equally
divided between the neutral and the disgusted expressions. In the houses
condition, the new images consisted of 28 new angled-roof houses and
28 flat-roof houses. Each of the recognition tasks consisted of 112 trials.
Of the 56 old images shown in the encoding phase, half appeared with a
background color congruent with the background color with which it
appeared in the encoding phase, and half appeared with a different
background color. The 56 new images appeared with a random back-
ground color, from the same set of colors as in the encoding phase. Each
trial began with one image in the middle of the screen (2500ms). Par-
ticipants were requested to report "Old" or "New", based on their mem-
ory. After recognizing an image as old, participants were asked to
provide a remember/know judgment. This old/new-remember/know
distinction reflects dual-process models of recognition memory, sepa-
rating conscious recollection of contextual details ("remember") from a
vague sense of familiarity without specific details ("know") (Tulving,
1985; Yonelinas, 2002). Taken together, these memory measures
enabled an examination of whether social anxiety is associated not only
with differences in the overall memory performance but also of the
cognitive processes involved in memory retrieval. Each trial ended with
a blank screen (500ms). Trials were presented in a new random order
per participant. Responses were recorded via dedicated keyboard but-
tons (Fig. 1).

2.4. Apparatus

The task was presented on a 24-inch BenQ XL2430 monitor with a
screen resolution of 1920x1080 pixels using E-Prime v2.0 (Psychology
Software Tools, Pittsburgh, PA).
2.5. General procedure

Participants within each social anxiety group were randomly
assigned to either the social or non-social memory task and completed

the task only once. Participants were informed that the study was

Test (Congruent / Neutral)

Learning
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investigating cognitive mechanisms. No additional information
regarding the study’s purpose was provided.

Participants were tested in a quiet room at the university. After the
study procedures were explained, willing participants provided written
informed consent and were seated in front of the computer monitor.
Participants then completed one of the memory task conditions (faces or
houses), with a 4-min retention interval (1 min break followed by 3 min
of the distractor task) between the encoding and recognition stages.
Participants received either course credit or monetary compensation
($14) according to their preference. The study was approved by the local
institutional review board.

2.6. Data analysis

Main analysis. The dependent variable derived from the recognition
tasks was sensitivity (d’), calculated by subtracting false alarm rate from
hit rate. This measure ensures that differences in memory ability be-
tween conditions and groups are due to a better ability to distinguish
between old and new items rather than a tendency to identify more
items as old in certain conditions. Due to higher proportion of females in
the low relative to the high social anxiety group, (1) = 4.19, p = .041,
a mixed-model analysis of covariance (ANCOVA) was applied with d’
scores as the dependent variable, group (high social anxiety, low social
anxiety) and task condition (faces, houses) as between-subjects factors,
and context congruency (congruent, incongruent) as a within-subject
factor. Because a between-groups difference in gender distribution was
noted, X2(1) =4.19, p = .041, gender was included as a covariate in all
subsequent analyses. The Benjamini-Hochberg False Discovery Rate
method (Benjamini & Hochberg, 1995) was used to correct for multiple
pairwise comparisons.

Exploratory analysis. Although the current study was not designed
to test effects of facial expressions on context-dependent memory, an
exploratory mixed-model ANCOVA on d’ scores from participants who
completed the faces memory task was conducted and is reported and
discussed in Supplemental Materials.

A separate sensitivity index (d") for remember/know judgments was
also computed. A detailed account of these exploratory analyses is also
provided in Supplementary Materials.

Learning

Test (Congruent / Angled-roof)

Learning

Test (Congruent / Flat-roof)

Learning Test (Incongruent / Angled-roof)

Test (Incongruent / Flat-roof)

“

Fig. 1. (a) Faces task: Examples of stimuli varying by background congruency and facial expression; (b) Houses task: Examples of stimuli varying by background

congruency and house type.
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2.7. Power analysis

Power analysis was conducted using G*Power, version 3.1.9.7 (22).
We estimated the necessary sample size for a repeated-measures, within-
between interaction F test, with two between groups measures and one
repeated measure to allow detection of a significant small effect size
(Cohen’s f = 0.14) (Smith & Vela, 2001) at 0.95 power and an alpha of
0.05. The expected correlation among repeated measures was set at 0.5.
This analysis indicated that ~224 participants would be required (241
enrolled).

3. Results

Mean performance across the entire sample significantly exceeded
chance level, M = 0.67, SD = 0.07, t(230) = 33.82, p < .001. Assump-
tions of normality and homogeneity of variance were assessed for all
analyses. Shapiro-Wilk and Levene’s tests indicated no significant vio-
lations (all ps > 0.05).

The mixed-model ANCOVA revealed a significant main effect of
congruency, F(1,226) = 5.57, p = .019, n% = 0.024, indicating that
participants had better memory for images with encoding congruent
background (M = 0.35, SD = 0.17) than images with encoding incon-
gruent background (M = 0.32, SD = 0.15). A significant main effect of
task condition was found, F(1,226) = 29.17, p < .001, 1]1% = 0.114,
indicating that participants had better memory for faces (M = 0.39, SD
= 0.14) than for houses (M = 0.29, SD = 0.14). The main effect of group
was not significant, F(1,226) = 0.22, p = .635, Th% =0.001, indicating no
general differences in memory performance between individuals with
high social anxiety (M = 0.34, SD = 0.15) and low social anxiety (M =
0.33, SD = 0.15). Importantly, a significant three-way interaction was
found: 2 (group: high social anxiety vs. low social anxiety) x 2 (task:
faces vs. houses) x 2 (congruency: congruent vs. incongruent), F(1,226)
= 4.13, p = .043, n;z, = 0.018 (Fig. 2). Follow-up analyses per group
revealed a significant two-way interaction in the high social anxiety
group: 2 (task: faces vs. houses) x 2 (congruency: congruent vs. incon-
gruent), F(1,115) = 4.51, p =.032, ng = 0.038, but not in the low social
anxiety group, F(1,110) = 0.69, p = .406, ng = 0.006. To further clarify
the significant task-by-congruency interaction within the high social
anxiety group, simple effects of congruency at each level of task were
tested. For the faces task, performance was significantly better under the
congruent (M = 0.43, SD = 0.15) than the incongruent condition (M =
0.37,SD = 0.14), t(60) = 3.46, p < .001, d = 0.444. For the houses task,
there was no significant difference between the congruent (M = 0.28,
SD = 0.15) and incongruent (M = 0.27, SD = 0.17) conditions, t(56) =
0.35, p = .363, d = 0.047. Together these analyses indicate that par-
ticipants with high levels of social anxiety display stronger context-

0.5

d’ (Hit - False Alarm)

Houses

Low SA
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dependent memory specifically for social stimuli. All reported differ-
ences survived correction for the multiple pairwise comparisons per-
formed using the Benjamini-Hochberg False Discovery Rate method
(Benjamini & Hochberg, 1995).

4. Discussion

The present study is the first to explore how social anxiety may be
associated with context-dependent memory by examining recognition
performance when the background context during retrieval is either
congruent or incongruent with that presented during encoding, and
whether this association is specific to social stimuli. The results replicate
the established context-dependent memory effect (Smith & Vela, 2001),
showing better recognition when the retrieval context matches the
encoding context. The better memory performance for social informa-
tion (faces) than for non-social information (houses), also aligns with
prior findings suggesting that socially relevant stimuli are better
remembered than non-social ones (Curby & Gauthier, 2007; Mesoudi
et al., 2006). More importantly, the current results suggest that in-
dividuals with high levels of social anxiety exhibit an enhanced
context-dependent memory effect specifically for social stimuli (faces),
an enhancement not evident among participants with low levels of social
anxiety.

The findings of the current study contribute to a more nuanced un-
derstanding of cognitive biases in social anxiety, particularly around
memory for socially relevant information. The enhancement of context-
dependent memory for faces in individuals with high social anxiety
suggests that these individuals may encode social information with
heightened attention to contextual features, possibly due to elevated
emotional arousal and vigilance during social processing (Bar-Haim
et al., 2007; MacKay et al., 2004; Wangelin et al., 2012). Some eye
tracking studies report that individuals with high social anxiety tend to
look less at the eyes (and sometimes the mouth) of faces (Horley et al.,
2004; Moukheiber et al., 2010). Avoiding looking at the central features
of a face might make the color that surrounds the faces more obvious to
individuals with high vs. low social anxiety. Future studies could modify
the memory task to force processing of the center of a face and test
whether the enhanced context-dependent memory effect disappears or
diminishes.

While clarification of the exact underlying mechanisms supporting
the stronger context-dependent memory effect in individuals with high
social anxiety awaits additional research, it may be speculated at this
time that this effect reflects a cognitive mechanism aimed at navigating
threatening perceived social environments in individuals with high so-
cial anxiety. Such enhanced context-dependent memory to social stimuli
might contribute to maladaptive memory patterns that reinforce anxiety

[ Congruent
I Incongruent

Houses

Faces

High SA

Fig. 2. d’ scores as a function of group, task, and background congruency. *** denotes a p-value smaller than 0.001.
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through over emphasis on contextual cues. For example, certain nega-
tive social events may be more strongly associated with otherwise
benign environmental contexts leading to avoidance symptoms. The
absence of a similar enhancement of context-dependent memory for
non-social stimuli supports the specificity of this memory bias to socially
relevant contexts. These findings are consistent with models of social
anxiety emphasizing salience of social information processing biases
(Clark & Wells, 1995; Rapee & Heimberg, 1997).

If replicated and substantiated, the current results may suggest that
interventions targeting memory biases in social anxiety could benefit
from a specific focus on contextual cues during the encoding of social
stimuli rather than on broader memory processes. The current results
are also relevant to the broader literature on context-dependent mem-
ory, suggesting that individual differences in emotional and social
functioning might modulate the strength of this phenomenon, especially
for person-relevant information. The social nature of stimuli, particu-
larly in individuals with high levels of social anxiety, appears to play a
role not just in the encoding of primary stimuli, but also in the inte-
gration of background contextual features.

The results of this study should be considered in light of several
limitations. First, the social stimuli used in this study were limited to
neutral and disgusted facial expressions. Future research could consider
a broader range of emotional expressions to determine whether such
effects emerge for other negative, positive, or ambiguous social signals
(see Supplemental Material for a preliminary discussion). Second, in the
same vein, the concept of ‘context’ is theoretically flexible and can be
operationalized in various ways (Godden & Baddeley, 1975). In the
current study, context was operationalized as the background color of
the ‘to be remembered’ targets. This approach ensures standardization
and control over congruency conditions but may not be ecologically
valid. To enhance generalizability, future research could explore more
ecologically valid context operationalizations, such as whether the
encoding and retrieval phases occur in the same or in a different physical
environment (e.g., Koens et al., 2003). Third, although the self-reported
social anxiety scores were very high in the high social anxiety group,
levels of social anxiety were not clinically diagnosed. Self-report mea-
sures of social anxiety might not capture the full complexity of clinical
social anxiety disorder obtained with structured clinical interviews.
Fourth, the undergraduate sample made of predominantly young adult
females, limits the generalizability of the findings. Fifth, information
regarding the racial and ethnic composition of the sample was not
collected, which limits the ability to fully characterize participants along
this demographic dimension. Sixth, participants’ emotional arousal was
not measured during task performance. Future research incorporating
such measures could clarify whether heightened arousal in individuals
with high social anxiety contributes to their observed higher
context-dependent memory effect. Seventh, participants’ state anxiety
was not measured during task performance. Pérez-Lopez and Woody
(2001) found that memory differences between individuals with high
and low social anxiety disappeared when controlling for state anxiety.
The controlled laboratory environment applied in the current study
likely minimized acute anxiety compared to the public speaking con-
dition used by Pérez-Lépez and Woody, but it remains to be seen
whether the enhanced context-dependent memory effects reported here
would be modulated by higher situational anxiety. Eighth, although the
current study focused on faces as social cues, it did not distinguish be-
tween faces of different emotional valence. Prior research suggests that
cognitive biases associated with social anxiety may vary depending on
whether faces are perceived as positive, negative, or ambiguous (e.g.,
Hunter et al., 2009; Staugaard, 2010). Future research could therefore
examine whether context-dependent memory effects vary as a function
of face valence, as this may provide a more nuanced understanding of
how social anxiety influences memory for socially relevant information.
Finally, while the memory task was well-controlled, the laboratory
setting may not replicate the complex, dynamic nature of real-world
social interactions. Ecologically more valid encoding contexts, such as
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presenting faces during simulated social interactions, could provide a
richer understanding of how social anxiety affects context-dependent
memory in daily life.

In conclusion, the present study provides preliminary evidence that
individuals with higher levels of social anxiety may exhibit enhanced
context-dependent memory for social information, potentially reflecting
heightened vigilance or emotional arousal during encoding. This effect
appears to be specific to social stimuli and does not generalize to non-
social information. These findings add to a growing body of literature
suggesting that social anxiety shapes not only attentional and interpre-
tative biases but also memory processes. Future research could aim to
replicate these findings, explore underlying neural mechanisms (Heald
et al.,, 2023; Smith & Bulkin, 2014), and consider how such memory
biases might sustain or exacerbate social anxiety symptoms over time.
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