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Abstract

Individuals with social anxiety exhibit biased self-evaluations in social settings, yet
research remains conflicted on whether these individuals exhibit actual social performance
deficits. Conflicting findings may be due to methodological differences across studies, such as
the task being studied or the level of analysis at which performance deficits are measured. In
the current study, we investigated whether social anxiety symptoms were associated with
performance deficits in naturalistic reading aloud, examining performance at multiple levels of
analysis. We recruited 58 young adults to read multi-sentence passages aloud while their
audio was recorded. Audio recordings were then coded in terms of surface-level performance
deficits—misproductions and hesitations in speech—at both the passage and word level.
Passage-level analyses revealed social anxiety symptoms were associated with increased
rates of hesitations, but not of misproductions. At the word level, social anxiety symptoms
were associated with both increased hesitations and increased misproductions, dependent in
the latter case upon word-level features. We also found that misproductions were positively
associated with hesitations at the passage level, and were more likely to precede hesitations
(as opposed to follow them) at the word level. Collectively, the results suggest that social
anxiety symptoms are associated with performance deficits. Moreover, increased hesitation
rates in naturalistic reading aloud may be indicative of a post-error slowing effect due to
heightened self-monitoring of speech errors when reading aloud. Broadly, results
demonstrate the utility of fine-grained measurement in studying social performance deficits
and align with mechanistic accounts of hyperactive self-monitoring in social anxiety.

Introduction

Socially anxious individuals display a negative bias in assessing their social

performance (Inderbitzen-Nolan et al., 2007; Rapee & Heimberg, 1997; Spence et al., 1999).
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However, prior work has been mixed as to whether social anxiety is associated with actual
social performance deficits (Miers et al., 2009), as opposed to self-reported deficits reflecting
biases in self-perception (Lau et al., 2023; Spence et al., 1999). Conflicting findings may in
part arise from methodological differences across studies (Thompson et al., 2019) and the
fact that most prior work relies on relatively broad assessments of performance. In the current
study, we sought to investigate whether social anxiety symptoms were associated with
performance deficits in naturalistic reading aloud, examining performance at multiple levels of
analysis.

Prior research has tended to rely primarily on relatively broad measures of social
performance in a given environment, employing subjective assessments of performance
determined by how observers rate an individual based on several minutes of behavior at a
time or on the entire task (e.g., Inderbitzen-Nolan et al., 2007; Losiak et al., 2015; Miers et al.,
2009; Rapee & Lim, 1992; Spence et al., 1999). The inherent imprecision of a coarse-grained
approach may explain the irregularity in prior work of detecting (e.g., Losiak et al., 2015) or
not detecting (e.g., Rapee & Lim, 1992) performance deficits among socially anxious
individuals. Moreover, the presence of performance deficits in social anxiety may depend on
the task being studied. For example, Voncken and Bogels (2008) reported that performance
deficits associated with social anxiety were only observed for unstructured social interactions
(i.e., during a conversation), not for structured social interactions (during an impromptu
speech). In contrast, other investigations find evidence for performance deficits in both
structured and unstructured social interactions (Inderbitzen-Nolan et al., 2007; Thompson et
al., 2019), and others still have found no differences for either type of social interaction
(Beidel et al., 1985). In the related setting of evaluating verbal performance during a mock
interview, findings are likewise mixed (Silber-Varod et al., 2016; Strahan & Conger, 1998).

Although reading aloud is a common concern for individuals with social anxiety (Beidel
et al., 1999; Blote et al., 2015), little work to date has examined whether social anxiety
symptoms are associated with performance deficits while reading aloud. Nonetheless, the
evaluation of verbal performance more generally is common in prior studies investigating
potential performance deficits in social anxiety. At the coarse-grained level, prior studies
suggest that phonetic cues may be especially sensitive to various group differences in social
anxiety. For example, in a study of 20 Hebrew speakers high or low in social anxiety

symptoms, Silber-Varod et al. (2016) found that during a conversational interview, verbal
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responses of those high in social anxiety were significantly longer in duration than others’,
and such participants additionally displayed increased variability in their vocal pitch—i.e.,
irregularity both in fundamental frequency and in intensity. Phonetic analysis further provides
a rich trove of measurable details (Ladefoged, 1996; Tavakoli et al., 2025) that can afford a
more fine-grained approach to identifying social performance deficits.

Speech data are highly amenable to both eliciting and observing mistakes (Jalongo &
Hirsh, 2010); on account of their salience both to the speaker and the listener, errors in
speech may amplify otherwise subtle social performance effects (facilitating data annotation
and improving statistical power). Moreover, reading aloud is distressing both for socially
anxious individuals (Beidel et al., 1999; Blote et al., 2015) and for the general population
(Chavira & Stein, 2005; Millward, 1977). In summary, naturalistic reading provides not only an
ecologically-valid, real-world scenario for studying potential social performance deficits in
social anxiety, but further enables assessment of performance at a fine-grained level of
analysis. Reading aloud additionally affords a “ground truth” (the provided text) against which
performance can be compared, which may facilitate more objective and reliable quantification
of performance levels.

The current study investigated possible relations between social anxiety symptoms and
performance deficits in naturalistic reading aloud, with performance quantified at multiple
levels of analysis. At the level of individual reading passages, we examined whether “surface-
level” performance deficits (i.e. misproductions or hesitations in speech) were associated with
social anxiety symptoms. At a finer-level of analysis, we additionally examined whether word-
level misproductions or hesitations related to social anxiety symptoms, as well as further
interrelations between these measures. We initially hypothesized that individuals high in
social anxiety symptoms would superficially perform as well as those low in social anxiety,
presumably due to increased attention and effort dedicated to maintaining surface-level
performance in a social setting (Eysenck et al., 2007). Notably, the possibility also remained
that fine-grained analysis at the word level could reveal an unexpected pattern, whereby
individuals higher in social anxiety symptoms exhibit distinct — perhaps more subtle — surface-

level performance deficits as well.
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Methods
Participants

58 young adults (mean age = 22.66 + 4.63 years; 54 female, 4 male) were recruited
from psychology courses at Florida International University and consented to participate in
exchange for course credit. Prior analyses using this dataset were reported in Alexander and
Buzzell (2023). Four participants were excluded from analyses due to low overall
comprehension accuracy (< 50%, chance =25%) and another three were excluded because
of persistent audible distractions in the audio files (e.qg., other individuals present in the room
during recording); this left 51 participants included in analyses for the current study (mean
age = 22.51 + 4.49 years; 48 female, 3 male). Power analyses performed in G*Power 3.1.9.6
(Faul et al., 2009) were used to determine the initial sample size (Alexander & Buzzell, 2023).
Additional demographic information is included in Table 1. The nature of the participant pool
(i.e., university students enrolled in psychology courses) led to a high proportion of female
participants (94%). Given that the study was conducted in Miami-Dade County, in which 75%
of residents speak a language other than English at home (U.S. Census Bureau, 2022),
English monolinguals and bilinguals who self-reported having learned English by age six were
included among study participants. Colorblindness, lack of normal or corrected-to-normal
vision, and history of head trauma or communication disorders were additional exclusion
criteria. Participants were required to have access to an internet connection, webcam,
microphone, and desktop or laptop computer, and were willing to record themselves for this
online study. All procedures were approved by the Florida International University Institutional

Review Board.
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Table 1: Participant demographics

Race/Ethnicity
. Hispanic, .
i Black or Af - Multipl
Participants Asian ac .or rican Latino, or White wiiple Undisclosed
American ) Selected
Spanish
Total 2 (3.4%) 3 (5.2%) 34 (58.6%) 7 (12.1%) 11 (19.0%) 1 (1.7%)
Analyses 2 (3.9%) 1 (2.0%) 30 (58.8%) 7 (13.7%) 10 (19.6%) 1 (2.0%)
Pronouns
she/her he/him they/them other undisclosed
Total 50 (86.2%) 4 (6.9%) 1(1.7%) 1(1.7%) 2 (3.4%)
Analyses 44 (86.3%)  3(5.9%) 1(2.0%) 1(2.0%) 2 (3.9%)
Socioeconomic class affiliation
affluent middle working poor
Total 2 (3.4%) 31 (53.4%) 23 (39.7%) 2 (3.4%)
Analyses 2 (3.9%) 28 (54.9%) 19 (37.3%) 2 (3.9%)

Procedure

Due to the COVID-19 pandemic, data were collected remotely in January-June 2022.
Following consent, participants completed demographic, trait, and state questionnaires online
via REDCap (Harris et al., 2019). Participants were then directed to a “Reading Aloud Task”
in which they read aloud passages presented on-screen in a web browser while recording
themselves via Zoom (Zoom Video Communications, Inc., San José€, California). A
comprehension question followed each passage. Participants additionally completed a
standard lexical decision task, which is beyond the scope of the current report and not
described further. Participants sent the audio recording of the Reading Aloud Task directly to
the researchers for review/analysis. Crucially, this created an inherent social context, with
participants reading naturalistic texts aloud under the premise of being evaluated and with the

knowledge that researchers would review their recording.
Stimuli

Twenty reading passages were created to be realistic—reminiscent of the material a
student might be asked to read aloud in a classroom setting. Passages had an average
length of 170 words (range: 140-223 words) and a Flesch Reading Ease score (Flesch,
1948) of 51.47 (range: 36.5—73.8). Word frequency was not directly manipulated, and thus
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allowed to vary naturally across passages, with an average word frequency of 4.01 (range:
3.86-4.38), where an individual word’s frequency is defined as the base-10 logarithm of one
plus the absolute count of its tokens in the SUBTLEXus corpus (Brysbaert & New, 2009).
Values for words not present in the corpus were imputed using the corpus median. Note that
such variation in word frequency facilitates further analyses to determine whether any effects
of interest interact with word frequency, either at the level of an individual word or as each
passage’s average word frequency.

To address separate analyses (pertaining to experimental questions not relevant to the
current report, see Alexander & Buzzell, 2023), emotional valence was manipulated such that
half the passages started with semantically positive content and ended with semantically
negative content; the order was reversed in the remaining ten passages. The order of
passages shown was pseudo-random; for further details, see Alexander and Buzzell (2023).
Due to experimenter error, one passage (“broccoli”) was presented to participants with a word
missing; another (“sun”) was presented accurately but the error coding file contained a
mistake causing extraneous, false positive errors in the coded data. These two passages are

accordingly excluded from all analyses.
Reading Task

The Reading Aloud task was implemented as a PsychoPy task converted to JavaScript
for running on the Pavlovia.org web server (Bridges et al., 2020). Participants were provided
with instructions that they should read the passages aloud, each presented on-screen in its
entirety and roughly taking between one and two minutes to complete. Each passage was
shown centered on a light gray background with black text in Arial font, proportional in vertical
size to the dimensions of a participant’'s computer screen. Participants advanced the task by
pressing the spacebar on their keyboard. While there was no fixed time limit for each
passage, participants were instructed to start immediately, and not to ‘pre-read’ the text.
Following each passage, participants were asked to answer a multiple-choice comprehension
guestion about the text, selecting one of four possible answers using the “a”, “b”, “c”, and “d”
keys on their keyboard. See Supplemental Materials for a complete list of passages and
guestions. Such questions provided a measure of task attention/engagement (facilitating later

removal of outliers with exceptionally low comprehension performance). Participants were
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given an optional 60-second break between each comprehension question and the following

passage.

Zoom walkthrough

Instructions

Passage

Comprehension question

Break (optional)

Figure 1: Task Procedure
Social Anxiety Assessment

Each participant completed a battery of self-report surveys, including a standard
demographic questionnaire. Analyses for the current study focus on the Screen for Adult
Anxiety-Related Disorders (SCAARED, Angulo et al., 2017), which assesses various anxiety
disorders in adult populations. Analyses focused on the social phobia subscale of the

SCAARED (SCAARED-Social) as the indicator of social anxiety symptom severity.

Error Coding

Two trained coders separately annotated errors for each participant’s audio file,
classifying each syllable as being either correct (not marked) or as involving one or more
categories described below. Errors, broadly construed, were conceptualized as deviations
from the text written and/or from fluent reading thereof. For each such deviation, the actual

speech produced was transcribed, along with any subsequent verbal self-corrections made.
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The pair of coders reconciled these annotations, syllable by syllable. Regions where one
coder marked an error and the other did not were left as-is (i.e. to include the error). For areas
in conflict — wherein the same audio was interpreted by the two coders as being either
different kinds of errors or the same error category but marked on different syllables — the two
coders re-listened to the audio together and decided by consensus how to finalize error
coding for that section. In cases where two annotations were independent and therefore not in
conflict (e.g., a misproduction and a hesitation on the same syllable), both were included in

the final reconciled form.

Based on pilot data, the protocol was designed to achieve accurate coding of two
categories of interest: misproductions and hesitations. Misproductions, the first chief category
of interest, were defined as any instance of a single syllable being replaced with another (e.g.,
producing “including” or “bercluding” when the text was “concluding”) or an addition or
deletion of one or more phonemes that did not alter syllabification (e.g., “tide” for “stride” or
vice versa). To reduce ambiguity in coding, a word substituted for a completely different word
(e.g., “happy” for “delighted” or vice versa) was considered a misproduction. Hesitations, the
second chief category of interest, were defined as pauses of unnatural duration (i.e., not
merely syntactically-governed prosodic breaks). Because pause naturalness depends on
speaking style, register, and speed, rather than being an absolute duration, this category’s
cutoff was based on whether a given pause was perceived to be natural in context. Bearing in
mind the particular speaker, sentence structure, and punctuation, a hesitation was when such
a pause seemed disfluent. The coding protocol included four additional error categories —
insertion/duplications, omissions, word-stress errors, and elongations — which served to
capture edge cases that might otherwise be inappropriately coded as a misproduction or
hesitation. The presence of these additional categories was designed to improve the accuracy

and homogeneity of these two chief categories of interest.

Analytic Strategy

Data cleaning and preliminary analyses

Audible anomalies in the recordings (e.g., others entering the room) were noted by
annotators during error coding. Any individual passage having such a note was removed from
further analyses (31 passages, 3.4%). Participants with five or more anomalous passages, or

with persistently faint audio, were considered outliers and completely removed from further
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analyses (3 participants). Participants performing near or below chance on comprehension
guestions across all twenty passages were removed due to presumed task inattention (cutoff:
< 50% correct responses, chance = 25%; 4 participants).

For statistical modeling, the primary measures of interest were hesitation rate and
misproduction rate as indices of surface-level performance. These measures were both
assessed at the passage level (although additional corresponding analyses at the word level,
described below, were also performed). For each participant, hesitation rate was separately
quantified for each passage by dividing the number of words associated with hesitations
within a given passage by the total number of words within that passage. The same approach
was used to compute misproduction rate, again at the passage level. We additionally
computed descriptive statistics (means and standard deviations) for all passage-level

variables of interest; see Table 2.

Statistical analyses

We focused our analyses on a broad measure of social anxiety symptoms: the social
phobias subscale of the SCAARED (SCAARED-Social). To assess whether social anxiety
symptoms were associated with performance deficits at the passage level, we tested the
predictive power of SCAARED-Social with respect to hesitation rate and misproduction rate,
independently. We fit two mixed effects models with hesitation rate or misproduction rate as
the outcome measure; social anxiety symptoms, operationalized as the SCAARED-Social
score, served as a fixed effect, with a random intercept for participant and passage. All fixed
effect predictors were z-scored prior to modeling. Models were constructed in R (R Core
Team, 2025) using Ime4 (Bates et al., 2015) and the ImerTest wrapper (Kuznetsova et al.,
2017) following data processing with purrr (Wickham & Henry, 2023) and dplyr (Wickham,
Francois, et al., 2023), then plotted using the effects (Fox, 2003; Fox & Weisberg, 2019) and
interactions (Long, 2024) packages. Significant models were rerun controlling for age and for
gender (see Supplemental Materials), and all results were qualitatively similar. Effect sizes
are reported as standardized 3 coefficients, alongside 95% bootstrapped confidence intervals

computed via the confint() function.

To foreshadow the results, we found that higher SCAARED-Social scores were

associated with increased passage-level hesitation rates. We therefore carried out a series of
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additional analyses in an effort to understand and contextualize the nature of this result. As
described in further detail within the Results section, we examined whether hesitation rate
was predictive of misproduction rate at the passage level, in order to test for the possibility of
a “speed-accuracy tradeoff’. We additionally performed a set of item-level analyses to
investigate whether the relation between social anxiety symptoms and hesitations differed as
a function of stimulus features, namely the relative lexical frequency of an error-marked word

or its position relative to other words.

Results
Descriptive statistics are included in Table 2. All statistical tables were produced using
the htmlTable (Gordon, 2014) and/or sjPlot (Lidecke, 2024) packages and edited with the
xml2 package (Wickham, Hester, et al., 2023).

Table 2: Descriptive statistics

Hesitation rate Misproduction rate Comprehension accuracy SCAARED Social
Mean 2.85% 2.62% 80.81% 5.84
SD 2.07% 1.82% 10.61% 445

Social anxiety symptoms predict passage-level hesitation rates

The model testing associations between social anxiety symptoms and hesitation rate
identified a main effect of social anxiety symptoms (SCAARED-Social) on hesitation rate (p =
0.024, 3 = 0.242, SE = 0.104). In contrast, the model testing associations between social

anxiety symptoms and misproduction rate identified no significant effects (p = 0.787).



11

PERFORMANCE DEFICITS IN NATURALISTIC READING

Social Anxiety Severity and Rate of Hesitation

o
o

(z-scored)

Rate of hesitations per word

-0.5-

-1.0 -0.5 0.0 0.5
SCAARED-Social Score
(z-scored)

Figure 2. Hesitation rate across social anxiety symptom severity. Hesitation rate represents the z-
scored fraction of words in a passage that were coded with a hesitation. SCAARED-Social Score is
the z-scored social phobias subscore of the Screen for Adult Anxiety Related Disorders. Fitted values
are connected as straight lines and shading denotes 95% confidence intervals.

1.0 15

Table 3: Model results predicting rate of hesitations with SCAARED-Social score

Predictors B SE df CI t p
Intercept 0.01 0.11 881.00 -0.20-0.23 0.12 0.904
SCAARED social 0.24 0.10 881.00 0.04-0.45 2.33 0.020 *

*p<0.05 **p<0.01 ***p<0.001
Passage-level hesitation rates are positively associated with misproduction rates

Given that social anxiety symptoms predicted hesitation rate (at the passage level), we
sought to further understand and contextualize this result via additional, exploratory analyses.
One possibility is that increased hesitations could be indicative of a speed-accuracy tradeoff
that serves to reduce the rate of misproductions (Postma et al., 1990; Postma & Kolk, 1993).
Alternatively, misproductions might lead to increased hesitations as a response to making a
mistake (Danielmeier & Ullsperger, 2011). To test these ideas, and to evaluate whether any
such relationship would be moderated (or reversed) by social anxiety symptoms, we fit a
mixed effects model with misproduction rate as the outcome measure and hesitation rate and
social anxiety symptoms, as well as their interaction, as fixed effects (with random intercepts

for participant and passage). Although we did find that there was a main effect of hesitation
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rate on misproduction rate, this association was positive (p < 0.001, = 0.146, SE = 0.035).
That is, in direct contrast with the notion that hesitations might indicate that readers are
slowing down to avoid mis-speaking, individuals who committed misproductions at higher
rates also hesitated more often. Moreover, the interaction term in this model was not
significant (p = 0.834), suggesting that the positive relation between hesitation rate and

misproduction rate did not significantly differ as a function of social anxiety symptoms.

Rate of Hesitation and Rate of Misproduction

1.0-

(z-scored)
=]

0.0-

Rate of misproductions per word

1 0 1 2 3 4 5
Rate of hesitations per word
(z-scored)

Figure 3. Relationship between misproduction rate and hesitation rate. Hesitation and misproduction
rates represent the z-scored fractions of words in a passage that were coded with a hesitation or
misproduction respectively. Fitted values are connected as straight lines and shading denotes 95%
confidence intervals.

Table 4: Model results predicting rate of misproductions with rate of hesitations, SCAARED-

Social score, and their interaction

Predictors B SE df CI t p
Intercept 0.01 0.11 879.00 -0.21-0.22 0.07 0.947
Hesitation rate 0.15 0.04 879.00 0.08 - 0.22 4.17 <0.001 ok
SCAARED social -0.06 0.09 879.00 -0.25-0.12 -0.66 0.511
Hesitation rate x SCAARED social -0.01 0.03 879.00 -0.07-0.06 -0.21 0.834

*p<0.05 **p<0.01 ***p<0.001
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Word-level analysis reveals a positive association between social anxiety symptoms
and misproductions

We next sought to explore whether features of the text itself modified the association
between hesitation rate and social anxiety symptoms. First, given that the frequency with
which a word occurs in speech or writing relative to other words may impact the likelihood of
hesitations more generally (Balota & Chumbley, 1984), we investigated whether the link
between social anxiety symptoms and hesitation was modified by word frequency. That is, we
were interested in determining whether increased hesitations in individuals high in social
anxiety symptoms arise primarily from low-frequency words, similar to the general population,
or if those high in social anxiety symptoms display a fundamentally different pattern of reading
fluency. Second, we sought to determine whether a fine-grained frequency-informed analysis
might reveal an association between social anxiety and misproductions that had not been
visible at the passage level. These analyses were performed at the word level; thus, we fit two
logistic, mixed effects models with the binary presence/absence of item-level hesitation or
misproduction as the respective outcomes. Social anxiety symptoms, item-level word
frequency (as defined above), and their interaction were entered as fixed effects, along with a

random intercept for each of participant, passage, and word.

First, we note that these item-level analyses replicated the main effect of social anxiety
symptoms on hesitations (p = 0.005, 3 = 0.218, SE = 0.078) while controlling for word
frequency. We also observed a significant main effect of word frequency on hesitations (p <
0.001, B =-0.444, SE = 0.042) such that hesitations were more likely to occur with lower-
frequency words. No significant interaction between social anxiety symptoms and word
frequency was present (p = 0.484). The second model, which analyzed misproductions at the
word level, revealed a similar, significant main effect of word frequency on the likelihood of a
misproduction (p < 0.001, B =-0.682, SE = 0.051) such that the likelihood of a misproduction
increased as word frequency decreased. As with the original, passage-level model, we found
no significant main effect of social anxiety symptoms on misproductions (p = 0.926); however,
this word-level analysis revealed a significant interaction between social anxiety symptoms
and word frequency (p = 0.045, 3 =-0.032, SE = 0.016). Namely, while all individuals
performed similarly in producing common, high-frequency words, the trend diverged as
frequency decreased, such that individuals high in social anxiety symptoms were more likely

than others to misproduce words that are unfamiliar or rare.
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Item-Level Word Frequency, Social Anxiety Severity, and ltem-Level Misproductions

0.06

0.04

0.02

Probability of misproduction
(word-level)

0.00

logyo word frequency
(lower = more rare)

14

SCAARED-Social score
(z-scored)

+1SD
=== Mean

-1sD

Figure 4. ltem-level misproductions across word frequency for three levels of social anxiety symptom
severity. At the item level, words are coded for misproductions as 0 (absence of a misproduction) or 1
(presence of a misproduction). A word’s frequency reflects the z-scored, base-10 logarithm of one plus
the number of times it occurs in the SUBTLEXus corpus. SCAARED-Social Score is the z-scored
social phobias subscore of the Screen for Adult Anxiety Related Disorders, presented at the mean
value and at one standard deviation above or below. Fitted values are connected as straight lines and
shading denotes 95% confidence intervals.

Table 5: Model results predicting likelihood of word-level hesitation with word frequency,

SCAARED-Social score, and their interaction

Predictors B SE df CI z p
Intercept 0.02 0.00 Inf 0.01-0.02 -46.09 <0.001 ok
Word frequency 0.64 0.03 Inf 0.59-0.70 -10.69 <0.001 e
SCAARED social 1.24 0.10 Inf 1.07-1.45 2.81 0.005 o
Word frequency x SCAARED social 1.01 0.01 Inf 0.98-1.04 0.70 0.484
*p<0.05 **p<0.01 ***p<0.001

Table 6: Model results predicting likelihood of word-level misproduction with word frequency,

SCAARED-Social score, and their interaction

Predictors B SE df CI z p
Intercept 0.01 0.00 Inf 0.01-0.01 -44.24 <0.001 ok
Word frequency 0.51 0.03 Inf 0.46 - 0.56 -13.35 <0.001 ek
SCAARED social 1.01 0.08 Inf 0.86-1.18 0.09 0.926
Word frequency x SCAARED social 0.97 0.02 Inf 0.94-1.00 -2.01 0.045 *

*p<0.05

#p<0.01 *** p<0.001
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Word level analysis reveals that hesitations are more likely to immediately follow, not
precede, misproductions

Given that hesitation and misproduction rates were positively associated at the
passage level, we next sought to analyze the potential corresponding relations at the word
level, including whether hesitations might more often occur either immediately before or
immediately after a given misproduction. In other words, we sought to test whether hesitations
may potentially predict subsequent misproductions, or alternatively, to test whether
hesitations might possibly result from a given misproduction (i.e., post-error slowing;
Danielmeier & Ullsperger, 2011; Jentzsch & Dudschig, 2009). We further examined whether
any of these relations differed as a function of social anxiety symptoms. Thus, again at the
item level, we fit a logistic mixed effects model predicting the presence or absence of a
misproduction on a given word. In addition to social anxiety symptoms and the word
frequency of the word in question, a new predictor was entered as a fixed effect expressing
the relative position of the window searched for an adjacent hesitation (i.e., either within five
words before or five words after the word in question). Each word in the text thus
corresponded to two observations in this model, once for each direction (before or after, as
defined by this variable) in which to search for a possible hesitation. The binary
presence/absence of a hesitation in the window searched, as well as all possible interactions
between the four predictors, were entered as fixed effects; subject and passage were entered
as random intercepts. Consistent with previous models, results revealed a significant main
effect of word frequency (p < 0.001, 3 =-0.687, SE = 0.057) on likelihood of word-level
misproduction, and we observed a similar interaction with social anxiety symptoms in this
model (p = 0.025, B =-0.029, SE = 0.013). No significant direct relationship was detected for
the overall presence/absence of an adjacent hesitation (i.e., without considering its relative
position; p = 0.159). Yet, as hypothesized, we identified a significant interaction between the
presence/absence of an adjacent hesitation in the window searched and the relative position
of this window (p = 0.031, 3 = 0.082, SE = 0.038). Follow-up analyses using the emmeans
package (Lenth, 2025) demonstrated that the nature of this interaction was such that a
misproduction was specifically more likely in the case that a nearby hesitation was present
and came after the word in question (FDR-corrected p = 0.039), whereas the likelihood of an
interaction did not differ based on the presence/absence of a hesitation before a

misproduction (FDR-corrected p = 0.317). This result is compatible with an effect of post-error
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slowing (Danielmeier & Ullsperger, 2011), which appears to be present in all individuals, given
no further interactions with social anxiety symptoms. This analysis additionally uncovered a
new word frequency effect: there was another significant interaction, such that misproductions
were more likely than chance to be adjacent to a hesitation (without respect to its relative
position), yet this was only the case for low-frequency words (p = 0.045; 3 = 0.082, SE =
0.038).

0.012

0.011

0.010

Hesitation presencelabsence

Hesitation present

(word-level)

0.009 Hesitation absent

Probability of misproduction

0.008

0.007

Before After
Position of possible hesitation

Figure 5. Item-level likelihood of misproductions as a function of hesitation presence before/after.
Probability of a target word being a misproduction was predicted as a function of whether a hesitation
occurred within 5 words of the target word, and whether any such hesitation occurred before the target
word (during the preceding 5 words) vs. after the target word (during the following 5 words). Note that
it was significantly more likely for the target word to contain a misproduction when it was followed by a
hesitation, but did not differ based on whether it was preceded by a hesitation.
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Table 7: Model results predicting likelihood of word-level misproduction with
presence/absence of adjacent hesitation in relevant window, direction looked for hesitation
presence/absence, word frequency, SCAARED-Social score, and their interactions

Predictors B SE df CI z p
Intercept 0.01 0.00 Inf 0.01-0.01 -47.19 <0.001 ***
Adjacent hesitation present 1.03 0.04 Inf 095-111 0.67 0.502
Position of possible hesitation = after 099 0.01 Inf 0.96-1.02 -0.81 0.419
Word frequency 0.50 0.03 Inf 0.45-056 -12.07 <0.001 ***
SCAARED social 1.02 0.08 Inf 0.87-1.20 0.27 0.787
Adjacent hesitation present x Position of possible hesitation = after 1.08 0.04 Inf 1.01-117 216 0.031 *
Adjacent hesitation present x Word frequency 0.94 0.03 Inf 0.88-1.00 -2.00 0.045 *
Position of possible hesitation = after x Word frequency 099 0.01 Inf 097-1.02 -0.73 0.467
Adjacent hesitation present x SCAARED social 0.98 0.04 Inf 091-1.05 -0.56 0.572
Position of possible hesitation = after x SCAARED social 1.00 0.01 Inf 0.97-1.03 0.05 0.958
Word frequency x SCAARED social 0.97 0.01 Inf 0.95-1.00 -2.24 0.025 *
Adjacent hesitation present x Position of possible hesitation = after x Word frequency 1.07 0.04 Inf 1.00-1.14 1.94 0.052
Adjacent hesitation present x Position of possible hesitation = after x SCAARED social 1.00 0.04 Inf 093-1.07 -0.08 0.938
Adjacent hesitation present x Word frequency x SCAARED social 1.00 0.03 Inf 0.94-1.06 -0.03 0.979
Position of possible hesitation = after x Word frequency x SCAARED social 1.00 0.01 Inf 0.97-1.02 -0.18 0.861

Adjacent hesitation present x Position of possible hesitation = after x Word frequency x SCAARED social 1.01 0.03 Inf 0.95-1.08 046 0.648

*p<0.05 **p<0.01 ***p<0.001

Discussion

The present study finds evidence that symptoms of social anxiety are associated with
performance deficits during naturalistic reading aloud. At the passage level, we found that
social anxiety symptoms were associated with increased hesitation rates, but not
misproduction rates. At the word level, social anxiety symptoms were associated with
increased hesitations and increased misproductions, but selectively among low-frequency
words in the latter case. Moreover, among all participants, we found that misproduction rates
were positively associated with hesitation rates at the passage level, and further analysis at
the word level clarified that misproductions were more likely to have a hesitation after them
than before. Hesitations in naturalistic reading aloud thus may reflect the result of
misproductions, akin to a “post-error slowing” effect associated with performance monitoring
to detect one’s mistakes while reading aloud (Danielmeier & Ullsperger, 2011). Therefore, for
individuals high in social anxiety symptoms, increased hesitation rates may be indicative of a

maladaptive form of increased performance monitoring (Jentzsch & Dudschig, 2009;
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Notebaert et al., 2009; Wessel, 2018) that does not lead to subsequent improvements in

performance.

We began with the idea that perhaps performance deficits in association with social
anxiety were not consistently identified in prior work (Miers et al., 2009; Schneider & Turk,
2014; Spence et al., 1999) because, contrary to models of choking under pressure
(Baumeister, 1984), heightened attention to performance might sustain or even improve
surface performance. By contrast, in our initial models at the whole-passage level we find the
opposite to be true: social anxiety symptoms were positively correlated with rates of
disfluency (although no correlation was found with rates of misproductions). We sought to
clarify whether these disfluencies were an indication of extra time spent internalizing the
material or rather a deliberate attempt to buy time and prevent 'worse' errors in the upcoming
text—a speed-accuracy tradeoff, as has been widely observed in speech fluency and other
domains (MacKay, 1982). In order to determine whether such a strategy might explain the
increase in hesitations seen in association with social anxiety symptoms, we probed the
relationship between hesitations and misproductions. In direct contrast to those ideas, we
found a positive main effect of hesitation rate on misproduction rate—and without significant
interaction with social anxiety. Thus, hesitations appear not to be a helpful preventive
measure against misproductions. This finding on its own was consistent with either an
account of hesitations as reflecting distraction caused by an error (misproduction; Buzzell et
al., 2017; Jentzsch & Dudschig, 2009; Notebaert et al., 2009) or with an account of
hesitations as an attempt to stifle misproductions (Postma et al., 1990; Postma & Kolk, 1993)
—merely an unhelpful or even maladaptive one. Additionally, the question of why hesitations

were associated with higher social anxiety symptoms still remained unanswered.

To further investigate the link between hesitations and misproductions, we conducted
additional positional analyses at the level of individual words. We found that misproductions
were more likely to be followed by a hesitation, as opposed to preceded by one. This pattern
is consistent with a “post-error slowing” effect, indicative of performance monitoring processes
to self-detect one’s mistakes while reading aloud (Danielmeier & Ullsperger, 2011).
Performance monitoring can lead to both adaptive and maladaptive outcomes (Danielmeier &
Ullsperger, 2011; Wessel, 2018). However, in the current study, several findings point to our

hesitation measure reflecting a maladaptive outcome of performance monitoring. First, at the
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passage level, a higher hesitation rate was predictive of a higher misproduction rate. Second,
at the word level, we found that a given word was more likely to contain a misproduction if it
was followed by a hesitation (i.e., a post-error slowing effect). Finally, we did not identify any
evidence at the word level to suggest that hesitations prior to a given word decreased
misproduction likelihood for that word. Extending these interpretations to the finding that
social anxiety symptoms were associated with higher hesitations rates (at both the passage
and word level), our results converge on the interpretation that individuals high in social
anxiety symptoms exhibit heightened self-monitoring (Barker et al., 2015; Hosseini et al.,
2024; Lahat et al., 2014; Meyer et al., 2021). Crucially, this increase in performance
monitoring appears to be maladaptive (Buzzell et al., 2017; Jentzsch & Dudschig, 2009;
Notebaert et al., 2009), as it comes at the cost of reading fluency, with no observed benefit in

terms of misproduction rate.

Finally, it should be noted that effects of social anxiety symptom severity in the
incidence of misproductions were dependent on word-level features. At the passage level,
when not considering word-level features, we did not identify any evidence for an association
between social anxiety and misproduction rate. Only for our word-level analysis, when taking
into consideration the familiarity of a given word (word frequency; Brysbaert & New, 2009),
did any relationship between misproductions and social anxiety emerge. Specifically, we
found that all individuals misproduced rare words more often than common ones, but the
likelihood of misproducing rare words was even greater among individuals high in social
anxiety symptoms. Thus, individuals high in social anxiety did in fact misproduce words more
often than others—but they only did so significantly more than others when those words were
low-frequency. Interpreting this effect is somewhat speculative. For example, it may be that
individuals high in social anxiety symptoms are particularly sensitive to material that is
unfamiliar (Boelen & Reijntjes, 2009). If this effect is primarily driven by those words that are
completely unknown to the reader, one possibility is that perhaps those high in social anxiety
have a more limited vocabulary, or are otherwise less successful than others in making a
convincing educated guess about how a new word is pronounced. Alternatively, perhaps
words that are unfamiliar but not altogether unknown drive this effect—such that doubts of
their memory of a word’s pronunciation taxes cognitive resources and leads to an error.
Regardless if either of these accounts are correct, this result supports the presence of

performance deficits in social anxiety, in line with prior work utilizing phonetic data (Rapee &
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Lim, 1992; Silber-Varod et al., 2016). Moreover, it suggests that, consistent with more fine-
grained analyses in prior work, such deficits are tied to the nature of the stimuli of the task
(Schneider & Turk, 2014; Thompson et al., 2019), even within time windows as short as a few

hundred milliseconds.

Broadly, this finding also reinforces the argument that fine-grained analyses are critical
in detecting potential performance deficits within social settings in social anxiety. The
observed interaction suggests that clear, albeit subtle performance deficits exist among
individuals high in social anxiety in their verbal performance in the naturalistic setting of
reading aloud. Future investigations should ideally employ measures that are quantitative,
that are highly detailed, and that minimize or eliminate any elements of subjective observation

of performance.
Summary

In this investigation, we found that individuals high in social anxiety symptoms
displayed performance deficits in the naturalistic setting of reading aloud. Analyses at the
passage level indicated that social anxiety symptoms were associated with increased rates of
hesitations, but not of misproductions. However, when performing more fine-grained analyses
at the word level, we found evidence that social anxiety symptoms were associated with
increases in both hesitations and misproductions. Of note, the association between social
anxiety symptoms and misproductions was fully dependent on taking into consideration word
frequency (familiarity). That is, individuals higher in social anxiety were more likely than
others to misproduce words, but only rare words. Finally, we observed that misproductions
were more likely to precede hesitations, compatible with a post-error slowing phenomenon
that is indicative of performance monitoring processes (Danielmeier & Ullsperger, 2011;
Jentzsch & Dudschig, 2009). Future work should explore these questions in greater detail, to
include investigations into additional stimulus features that may condition these relationships
as well as neural measures. Broadly, the results demonstrate the utility of fine-grained
measurement in studying social performance deficits and align with mechanistic accounts of

hyperactive self-monitoring in social anxiety.
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