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Dynamic facial expressions of emotion are typically recognized more accurately than static expressions, espe-
cially among individuals with immature, vulnerable or impaired facial expression recognition (FER) systems,
such as children, older adults, and individuals with clinical conditions. These findings underscore the need of
assessing both dynamic and static stimulus formats and suggest that the dynamic advantage could serve as a
potential individual-level marker of FER impairment. However, previous research has primarily focused on
group-level effects, often overlooking critical individual differences. Here, we tested whether the QUEST
threshold-seeking algorithm can efficiently estimate the minimal signal required for accurate recognition of static
and dynamic facial expressions at the individual level. We also quantified the minimum number of trials needed
to obtain stable threshold estimates. To evaluate its sensitivity, we compared FER thresholds across neurotypical
young adults, older adults, and a well-documented case of acquired prosopagnosia.

Our findings demonstrate that the QUEST algorithm is a robust and efficient tool for rapidly estimating
meaningful FER thresholds at the individual level. We also provide guidance on the minimum number of trials
required to obtain stable threshold estimates and identify the facial expressions that serve as the most sensitive
markers for probing the dynamic advantage. This psychophysical approach is particularly well-suited for single-
subject analyses, assessment of FER in populations with limited capacities, and inclusion in comprehensive
testing batteries. Collectively, this psychophysical approach enables scalable, time-efficient screening and lon-
gitudinal monitoring of FER, facilitating cross-individual and population comparisons in both research and
clinical settings.

1. Introduction in young children, older adults (Richoz et al., 2018; but see Widen and

Russell, 2015), and individuals with clinical or neuropsychological

Accurate decoding facial expressions of emotion (FEEs) is funda-
mental to effective human communication, enabling individuals to infer
the mental states of others and adjust their behavior accordingly. Given
its central role in social interactions, facial expression recognition (FER)
has been extensively studied. While early research primarily relied on
static images to probe FER, recent work has demonstrated superior
recognition performance for dynamic compared with static facial ex-
pressions (for reviews, see Krumhuber et al., 2023; Alves, 2013). This
benefit for dynamic relative to static FER is referred to as the dynamic
advantage. This dynamic advantage is particularly evident in pop-
ulations with less robust FER systems. It has for example been reported

conditions including prosopagnosia (Richoz et al., 2015) and autism
spectrum disorder (Tardif et al., 2007). Notably, neurotypical young
adults also exhibit a dynamic advantage, but only under visually chal-
lenging conditions (Cunningham and Wallraven, 2009; Dobs et al.,
2018). For instance, Richoz et al. (2024) reported that recognition ac-
curacy in young adults was comparable for static and dynamic stimuli
under optimal viewing conditions, but that dynamic stimuli yielded a
clear benefit when images were degraded by phase decoherence. This
pattern suggests heterogeneity in the mechanisms supporting facial
expression decoding: less robust systems appear to rely more on
motion-based cues than on static information. Accordingly, the
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magnitude of the dynamic advantage (i.e., the extent to which dynamic
stimuli offer benefits compared to static ones) may serve as a functional
marker of fragility in FEE decoding.

To date, however, research on the dynamic advantage has focused
predominately on group-level analyses (e.g., Richoz et al., 2024), with
limited attention to individual differences. Traditionally, individual
differences have been considered a source of noise, which could be
attenuated through group-level averaging to reveal common patterns.
While this is appropriate for many research questions, this approach can
also obscure meaningful information. In fact, the integration of idio-
syncratic signatures in response patterns offers deeper insights into how
the visual system reaches similar outcomes via distinct strategies. For
instance, Stacchi et al. (2019) demonstrated that neural facial identity
discrimination responses are tuned to eye movements, providing the
neural system with observer-specific diagnostic information. By inves-
tigating individual differences, this study highlighted the existence of
idiosyncratic rather than universal face processing mechanisms.

Beyond its theoretical implications, individual variability is also
particularly relevant in clinical and diagnostic settings, where the focus
is not only on whether a group exhibits a specific effect, but on whether
this can be quantified in single cases and whether deviations from
normative patterns can provide diagnostic insight. For example, in the
context of facial expression recognition, an unusually large dynamic
advantage compared to a control group might indicate specific vulner-
abilities of the patient's FER system.

Nevertheless, comparing FER across populations or conditions using
traditional accuracy-based approaches can be difficult. These methods
typically assess recognition performance at a fixed level of task diffi-
culty. However, selecting an appropriate difficulty level is not a trivial
task. If the task is too easy or too difficult, a ceiling or floor effect might
obscure individual differences or within-individual changes across
conditions. This point is illustrated by recent findings from Richoz et al.
(2024), who assessed static and dynamic FER accuracy in young adults
using a combined uniform and adaptive signal sampling approach that
varied the amount of visual information available. Their results revealed
that although a dynamic advantage is present in young adults, it
emerges most clearly under perceptually challenging conditions. Within
the same participants, this effect becomes significantly less robust or
disappears entirely under optimal viewing conditions, depending on the
FEE considered.

Taken together, studies in both young and older adults (Richoz et al.,
2018, 2024) suggest that reliably observing a dynamic advantage re-
quires modulating task difficulty in a way that ensures all populations
are tested under comparable challenges. This can be achieved using
threshold-based approaches, which estimate the amount of visual in-
formation required to reach a fixed level of performance (i.e., perceptual
threshold). Within this context, differences in FER are indexed by dif-
ferences in perceptual thresholds, with more efficient FER requiring less
information (i.e., lower thresholds) to achieve the same level of
accuracy.

The methodology used by Richoz et al. (2024) allowed the estima-
tion of this perceptual threshold by fitting a Weibull function to recog-
nition performance across signal levels. However, while effective at the
group-level, this approach does not yield reliable estimates at the indi-
vidual level. Moreover, it requires testing numerous signal levels per
condition, resulting in lengthy assessment procedures. This limitation is
problematic in both experimental and clinical settings, where a rapid
evaluation is essential. Efficient testing enables multiple assessments
within a single testing session, facilitating comparisons across condi-
tions, and minimizing participant fatigue. This is especially important
for populations with limited tolerance for lengthy procedures, such as
clinical populations, young children, and older adults. The need for
efficient assessment tools becomes even more pronounced when inves-
tigating the dynamic advantage, which requires testing multiple facial
expressions across both static and dynamic formats.

To address these limitations, the current study evaluates whether the
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QUEST algorithm (Watson and Pelli, 1983), a Bayesian adaptive psy-
chometric method, could provide a suitable solution. The Bayesian
QUEST algorithm uses participants’ responses to iteratively update a
prior probability distribution, with its mean corresponding to the best
estimate of the perceptual threshold. Over the course of testing, if
QUEST converges on a perceptual threshold, its estimate begins to
oscillate around a single value across subsequent trials and the range of
this fluctuation becomes smaller, indicating stabilization. This approach
would allow setting the accuracy level to a low-to-moderate perfor-
mance, ensuring that the FER system of any population is sufficiently
challenged, thereby increasing the likelihood of detecting a dynamic
advantage. Crucially, this approach would enable direct comparisons of
the signal required to achieve equivalent performance across modalities,
expressions and individuals.

This procedure has been widely used due to its efficiency in rapidly
converging on threshold estimates, effectively reducing the duration of
testing. However, its use has largely been confined to low-level visual
processing research (Leek, 2001; Treutwein, 1995), with more limited
application in high-level visual domains (e.g., Blais et al., 2017; Rodger
et al., 2015; Wyssen et al., 2019). In this framework, QUEST has often
been used to adaptively adjust stimulus difficulty to maintain a fixed
level of performance, rather than as a method for precisely estimating
perceptual thresholds. To date, only a handful of studies have used the
QUEST algorithm to estimate FER sensitivity — specifically, the level of
visual phase coherence or expression intensity required to achieve a
given accuracy. These studies have examined FER across different
developmental stages and in clinical populations such as deaf in-
dividuals and women with eating disorders or mixed mental disorders
(Rodger et al., 2015, 2018; Wyssen et al., 2019; Stoll et al., 2019).
Although these studies have provided valuable insights into FER
development and clinical conditions, they have been limited to static
facial expressions with a group-level approach. As such, it remains un-
known whether the QUEST algorithm could also provide information on
dynamic FEE processing and the dynamic advantage at the individual
level.

In addition, previous implementation of the QUEST algorithm in FER
research have typically stopped testing once participants provided three
consecutive correct or incorrect responses and the standard deviation of
the signal presented over these last trials fell below .025. While such
reduced variability in stimulus intensity may suggest algorithm stabili-
zation, it reflects changes in the input rather than in the estimate itself. A
more reliable index of stabilization is the stabilization of the estimated
threshold itself — specifically when the algorithm's threshold estimate
remains stable within a narrow range — no more than 2 % variation —
over multiple consecutive trials. Finally, a further limitation in previous
research is the lack of documentation regarding the minimum number of
trials needed to achieve stabilization. This factor is crucial for an effi-
cient application of the QUEST algorithm, as requiring a large number of
trials to ensure a stable estimate would undermine its effectiveness.

Given these limitations, the present study aimed to assess the suit-
ability of the QUEST algorithm for determining, at the individual level,
the quantity of signal required to reach a predefined recognition accu-
racy (i.e., perceptual threshold) for both static and dynamic FEEs. We
tested three distinct populations: young healthy adults, older healthy
adults and a single case of pure acquired prosopagnosia. Establishing the
applicability of the QUEST method across a wide range of individuals is
fundamental to enable future comparative studies, in both theoretical
and clinical research contexts. Our study addressed three core meth-
odological questions.

(1) Can the QUEST algorithm produce stable perceptual thresholds
for static and dynamic FER at the individual level?

(2) What is the minimum number of trials required to reach
stabilization?

(3) Are these thresholds sensitive to well-established effects on FER
such as age-related differences and the dynamic advantage?
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First, we determined whether it was possible to obtain a stable
perceptual threshold for each emotion in each modality at the individual
level. A perceptual threshold was considered stable when its estimate -
defined as the mean of the probability distribution - fluctuated within a
small range for four consecutive trials. This first step was necessary,
because, unlike in low-level visual tasks where the QUEST is commonly
applied, FER can be influenced by many factors, increasing the risk of
noisy measurements. For instance, participants must recognize the same
expression across different identities. While this allows for results
generalization, it requires the visual system to flexibly adapt and filter
out identity-specific variations to access the underlying expression. If
FEE extraction is not efficient and robust, the same participant might
provide inconsistent responses for the same expression, even at high
signal levels, potentially preventing the QUEST algorithm from
converging. Therefore, before conducting any further data analysis, we
first examined whether the procedure could reliably produce perceptual
threshold estimates across conditions and participants. A failure to do so
would compromise the relevance on any interpretation of the results.

Second, we assessed the minimum number of trials required by the
algorithm to reach stabilization. This step aimed to provide critical
guidelines for future studies optimizing the efficiency of the QUEST
method in obtaining a stable perceptual threshold, while avoiding un-
necessarily long testing sessions.

Third, we tested whether the derived thresholds were sensitive to
known FER effects. Specifically, we assessed the presence of a dynamic
advantage and investigated whether young adults would outperform
older adults, with superior performance indexed by lower perceptual
thresholds (i.e., less signal required). Additionally, we explored whether
the thresholds estimated for the prosopagnosic patient PS (Rossion,
2022a, 2022b) differed from those of age-matched controls. Previous
studies have shown that this patient exhibits poorer recognition per-
formance of static FEE compared to her peers (Rossion et al., 2003;
Richoz et al., 2015; Fiset et al., 2017). However, FER is known to decline
with age, even in the absence of acquired cerebral lesions (Richoz et al.,
2018; Calder et al., 2003). As the patient continues to age (i.e., she was
born in 1950), the gap between her performance and that of her
age-matched peers may be narrowing because performance also de-
teriorates with aging in healthy seniors. Therefore, our analysis aimed to
determine whether degraded visual stimuli could not only elicit a dy-
namic advantage across populations but also reveal subtle differences
between the patient and her peers, which might not be apparent under
optimal viewing conditions.

To the best of our knowledge, this is the first study that assesses the
precision of individual perceptual threshold estimates obtained using
the QUEST algorithm in the context of both static and dynamic FER.
Additionally, it establishes methodological guidelines for its most effi-
cient use. By rigorously assessing the effectiveness of this approach, our
study not only validates the use of the QUEST for FER research but also
lays the groundwork for its broader implementation in single-subject
studies and clinical applications, where precise and time-efficient
assessment tools are critically needed.

2. Material and methods
2.1. Participants

2.1.1. Young and older adults

We conducted a priori power analysis using G*Power software (Faul
et al., 2007; latest ver. 3.1.9.7; Heinrich-Heine-Universitat Diisseldorf,
Diisseldorf, Germany), to determine the samples size necessary to
compare a large group of young adults and a smaller group (one fifth) of
older participants, with a Mann-Whitney-Wilcoxon test. With this
method, aiming to be a relevant tool for revealing differences in sensi-
tivity to FER in various populations — including clinical ones — we set the
expected effect size, the smallest effect we were interested in, atd = .8
(see Anderson et al., 2017) (a = .05; 1- p = .8), leading to estimate that a
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minimum sample size of 63 young-adult and 13 older participants was
needed. Because the study required multiple testing sessions and
participant completion rates were unknown at enrolment, we recruited
beyond these minimum estimates using a conservative oversampling
strategy to ensure that the final analyzable sample met a priori power
requirements. Accordingly, we recruited 104 young adults and 21 older
adults. Our final sample data was 100 young adults (YA; M = 21.4 years;
SD = 2.3; 82 females), which were tested between 2023 and 2024 in
Fribourg: they were volunteers of the experimenters' entourage or stu-
dents. Four additional young adults’ participants were removed due to
extreme values (participants 101 to 104, see in the detailed data file
available on Open Science Framework https://osf.io/t2csb/?
view_only=8cbfl65a4df746daaacee2baflalOcd72). Twenty-one healthy
older individuals (EC; M = 69.1 years; SD = 3.8; years, 14 females),
considered as age-matched controls for the prosopagnosic patient PS
were recruited and tested in 2023 in the region of Fribourg and Malta.
They all volunteered and were tested either in senior housing or at their
own home. All healthy participants had normal or corrected-to-normal
visual acuity, no problematic drug consumption, and did not suffer
from neurological, developmental, or psychiatric disorders. All partici-
pants provided written consent, and the study was approved by the local
ethical committee.

2.1.2. Patient PS's case report

Patient PS, born in 1950, is a well-documented case of pure acquired
prosopagnosia. In 1992, she suffered a closed head injury, resulting in
major lesions to the left middle fusiform gyrus (left Fusiform Face Area)
and right inferior occipital gyrus (right Occipital Face Area) - both
critical for face processing (for a review, see Rossion et al., 2003). Minor
damage also occurred in the right middle temporal gyrus and left pos-
terior cerebellum (see Sorger et al., 2007). Importantly, brain regions
known to be involved in facial expression recognition, such as the
amygdala, insula, and posterior superior temporal sulcus (pSTS), are
structurally spared in patient PS.

Following her injury, PS initially experienced broad cognitive defi-
cits but recovered well with medical and neuropsychological support.
However, as a consequence of her lesions she developed profound pro-
sopagnosia, being severely impaired to recognize familiar faces, even
close relatives or herself (Rossion et al., 2003; Rossion, 2022a, 2022b).
Despite this, she could still distinguish faces from other objects and
performed normally on object recognition tests (BORB; Riddoch and
Humphreys, 1993). Her reading, visual acuity, and visual fields were
largely intact, except for a small left paracentral scotoma.

Patient PS's lesions also significantly impair her performance on
facial expression recognition tasks with static faces (Richoz et al., 2015).
Interestingly, her ability to recognize dynamic facial expressions remains
preserved (Richoz et al., 2015).

Patient PS was tested at her home in 2023 and provided written
consent for her participation.

2.2, Stimuli and task

A total of 48 stimuli were taken from Gold et al. (2013), with 4 fe-
male and 4 male identities expressing the six basic FEE (i.e., anger,
disgust, fear, happiness, sadness, and surprise). Stimuli included dy-
namic and static versions of each expression. Dynamic stimuli portrayed
each identity evolving from a neutral into a fully developed expression
over 30 frames, lasting exactly 1 s. Static stimuli consisted of 30 repe-
titions of the final frame of the corresponding dynamic stimulus, also
lasting 1 s, corresponding to the apex of each expression. All stimuli
were used as originally created by Gold et al. (2013), without modifi-
cation to sampling rate or duration. The faces were grayscale and
cropped at the hairline. All stimuli were normalized for their low-level
properties (i.e., spatial frequency, luminance, and contrast) using the
SHINE toolbox (Willenbockel et al., 2010). Faces subtended a vertical
visual angle of 12° on the screen at a viewing distance of 65 cm and were
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displayed on a color liquid-crystal display with a resolution of 1440 x
900 pixels and a 60 Hz refresh rate. The experiment was programmed in
The MathWorks Inc, 2022 R2022b (MathWorks, Natick, MA) using the
Psychophysics Toolbox (PTB-3; Brainard, 1997; Kleiner et al., 2007).

Participants took part in a FER task including a total of 1920 trials for
the young adults and 960 trials for PS and the older adults. The young
adults were tested across two recognition accuracy levels, 44% and 58%.
Testing the 44% recognition level means evaluating the level of visual
noise at which participants reach a fixed threshold of 44% correct FER
performance. Similarly, testing the 58% recognition threshold assesses
participants' ability to achieve 58% correct FER performance. These two
accuracy levels were selected based on the work of Richoz et al. (2024).
In their study, they examined neurotypical adults for static and dynamic
FER at various signal levels and applied curve-fitting to their results.
When estimating the performance values (95% confidence intervals) for
100% signal, the lower bound of the confidence interval was above 58%
for every FEE in both conditions, except for fear, for which the lower
bound was just under 44% in the dynamic presentation. Based on these
results we reasoned that these two performance levels would be both
challenging, enhancing the dynamic advantage, but still within the
participants’ capabilities, leading to meaningful results.

The older adults and PS were assessed in the current study only for
the 44% threshold. This choice was driven by the need to reduce testing
time and the expectation that attaining 58% of accuracy even with 100%
of signal might not be possible for this population. In such case the
QUEST algorithm would likely estimate that more than 100% of signal is
required to reach the predefined performance level. In each trial, a

0% 20% 40%
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fixation cross was presented at the center of the screen for 500ms, fol-
lowed by a 1-s face stimulus whose frames were displayed at 30Hz.
Participants then pressed the keyboard button corresponding to the
perceived expression. If they were unable to make this decision, they
were allowed to answer: “I don't know”. In this case the program
randomly chose one expression for them. This was done to prevent
participants from systematically responding one specific expression.
When testing PS and the older adults, participants verbally communi-
cated their response to the experimenter who pressed the corresponding
key.

The percentage of signal presented in each trial was determined
using the QUEST toolbox, which, through a Bayesian adaptive proced-
ure, estimates an observer's sensitivity threshold based on the amount of
signal presented in previous trials and the corresponding performance
(see Fig. 1). Based on the data reported in Richoz et al. (2024), the prior
threshold guess was set to 20% of signal (i.e., phase coherence) for the
44% accuracy condition, and to 24% of signal for the 58% accuracy
condition.

All participants were tested using the same order, beginning with the
44% accuracy condition, followed by the 58% condition. Within each
accuracy level, the static modality was presented first, followed by the
dynamic modality. We chose not to randomize the order for two main
reasons. First, using the same sequence allowed direct comparison be-
tween patient PS and all older adult participants. Second, because the
44% accuracy condition requires lower target performance, the stimuli
contain less visual information than in the 58% condition. Therefore,
starting with the lower-signal condition reduces potential learning

60% 80%

100%

Signal percentage

Fixation cross
500ms

Response?

Facial expression
1000ms

Response
(no time constraint)

Fixation cross
500ms

Facial expression
1000ms

Response

Ongoing presentation Following presentation

Correct
answer

Wrong
answer

Response?

(no time constraint)

Fig. 1. Schematic representation of the procedure

Note. From top to bottom and left to right. On top: example of one identity expressing happiness at different levels of phase signal (0%, 20%, 40%, 60%, 80%, and
100%). On the bottom: schematic representations of the testing procedure (left), and of the QUEST threshold-seeking algorithm functioning (right). We adapted the

stimuli with permission from Gold et al. (2013).
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effects. Similarly, presenting the static modality before the dynamic
modality prevented participants from associating a static frame with its
dynamic version, which could otherwise allow them to rely on the
memory of the more informative dynamic stimulus to correctly interpret
the static frame. To further minimize learning effects and reduce fatigue
due to long testing sessions, each accuracy-modality combination was
run on a separate day, resulting in four testing sessions for young adults
and two testing sessions for older adults and patient PS.

Each session included one QUEST procedure per expression with 80
trials each. These were presented in a semi-randomized fashion through
the session, which however ensured that every 60 trials, expressions
were presented equally.

2.3. Data analysis

2.3.1. Optimal accuracy level determination

Before conducting the formal analysis, we performed a preliminary
assessment to determine which accuracy level - 44% or 58% - was more
appropriate for studying FER sensitivity in young adults. Therefore, our
preliminary analysis aimed to evaluate which target accuracy level
would be more likely to be associated with realistic signal thresholds.
We defined a signal threshold as realistic if it required less than 100% of
signal to reach the target accuracy. If an observer required more than
100% of signal to achieve a specific accuracy level, that level was
considered unattainable for that individual.

For each emotion and modality, we compared the 44% and 58%
performance levels in terms of the number of participants whose esti-
mated threshold exceeded 100% of signal. Perceptual threshold esti-
mates were derived from the mean of the posterior probability
distribution computed by the QUEST algorithm after 80 trials.

A McNemar exact test revealed that, in half of the conditions,
significantly more participants had unrealistic threshold estimates at the
58% performance level compared to the 44% (p < .05).

The scope of this work is to explore stability and efficiency of the
QUEST algorithm in measuring individuals’ sensitivity in the context of
FER. Therefore, we decided to retain and further analyze only the results
for the 44% target performance, which was more likely attainable.

Within this condition, we also performed data filtering to ensure that
participants with extreme estimates would not be included in the formal
analysis. Specifically, we averaged the perceptual thresholds estimated
across all emotions for the static and dynamic modalities separately. We
also computed the difference between these two modalities (static minus
dynamic) to index the dynamic advantage. Participants whose scores — on
any of these three measures — fell more than 2.5 standard deviations
above or below the group mean were excluded from the formal analysis.

2.3.2. Evaluation of stabilization behavior and efficiency of the QUEST
procedure

Our first and second research questions examine whether the QUEST
algorithm could reach a stabilization point during its estimation of the
perceptual threshold for FER and how many trials it required to do so.
We identified a stabilization point by examining the threshold estimates
after each trial using two criteria: (1) the presence of a specific oscilla-
tory pattern across four consecutive trials and (2) the magnitude of the
fluctuation within that pattern.

Our operationalization of the oscillatory pattern was based on the
typical behavior of QUEST as it homes in on a threshold. In this phase,
the estimate tends to oscillate around a stable value. We defined an
oscillation as a directional reversal in the estimate (up-down or down-
up). A repetitive oscillation therefore requires at least two such re-
versals (i.e., up-down-up or down-up-down), which corresponds to four
consecutive trials. We chose this pattern length, rather than a single
oscillation, to increase the likelihood of observing a genuine homing-in
rather than a random fluctuation. At the same time, we reasoned that an
even longer pattern could be disrupted by momentary attentional lapses.
Indeed, although each facial expression had its own QUEST procedure,
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trial order was randomized within the same session, making it unlikely
that the same expression would be tested on consecutive trials.

The second criterion concerned the amplitude of the oscillation.
Because we had no a priori knowledge of how narrowly the threshold
estimates might vary, we implemented an iterative procedure to identify
the smallest amplitude attainable by most of our participants. We first
identified the proportion of participants exhibiting a repetitive oscilla-
tion with an amplitude below 1.5%, and then we gradually increased
this limit by .1%. The iterative process ended when a stabilization point
could be found in at least 90% of the YA and OA participants in all FEE-
modality combinations.

2.3.3. Handling of Missing stabilized threshold estimates

In the current work, we adopted a conditional inclusion strategy to
maximize useable data. Specifically, participants who did not reach a
stabilized threshold for a given expression in a given modality were
excluded only from analyses involving that specific FEE-modality com-
bination, while being retained for all other analyses.

For analyses involving the global score, a stricter criterion was
applied: the global score was computed only when a participant
exhibited a stabilized threshold for all six FEEs within a given modality.
Additionally, participants exhibiting unrealistic threshold estimates
suggesting they required less or close to 0% of visual signal were
removed according to the same procedure. To ensure interpretability of
the results, the number of participants retained in each FEE-modality is
reported in Tables 1 and 3 as well as in Supplementary Table S1 and S3.

2.3.4. Statistical comparison of the number of trials necessary to reach
stabilization

For each participant in each modality and for each emotion, we
determined if a stabilization point could be found and the number of
trials that were necessary to reach it. Additionally, within each modal-
ity, we computed a global score represented as the average across
emotions.

We used a Mann-Whiney-Wilcoxon test to compare the number of
trials required to reach stabilized threshold estimates between modal-
ities (static vs. dynamic) for all emotions and the global score within the
YA and the OA groups separately. The same statistical test was also used
to compare YA and OA across all emotions, the global score and both
modalities.

Finally, patient PS was compared to the OA group across all emo-
tions, the global score, and both modalities using the Crawford t-test
(Crawford and Garthwaite, 2002; Crawford and Howell, 1998).

Importantly, if a participant did not reach stabilization in any given
emotion, they were not included in the modality comparison for that
emotion nor for the global score. As we did not have any hypothesis on
the direction of the effect, we performed all tests as two-tailed. Bon-
ferroni correction was applied to control for multiple comparisons
across emotions.

2.3.5. Statistical comparison of perceptual thresholds across groups and
modalities

Perceptual thresholds were estimated using the mean of the posterior
probability distribution from the QUEST algorithm after the final trial of
the stabilization pattern (i.e., stabilized threshold).

Because this approach produces thresholds based on a variable
number of trials across participants and conditions, we also estimated
perceptual thresholds using all 80 trials (i.e., 80-trials threshold). Ana-
lyses on these data will serve as a control condition to ensure that the
observed pattern of results are not dependent on the number of trials
performed.

In addition to analyzing the perceptual thresholds for the six basic
facial expressions of emotion separately, we also computed a global
threshold within each modality by averaging the estimates across emo-
tions. Furthermore, we calculated the dynamic advantage by subtracting
the threshold estimate in the dynamic modality from the threshold
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estimate in the static modality. Statistical comparisons were conducted
between modalities within each group, and between YA and OA for each
emotion (including the global threshold), each modality, and the dy-
namic advantage. These analyses were performed using the Wilcoxon
signed-rank test for paired observation and the Wilcoxon rank-sum test
for independent observations, as appropriate.

Importantly, when comparing perceptual thresholds extracted at the
stabilization point, participants who did not reach this point for a given
emotion were not included in the modality comparison for that emotion,
the global score, the dynamic advantage for that emotion, and the global
threshold.

All tests were one-tailed, based on our hypotheses predicting lower
perceptual thresholds for YA compared to OA, and for the dynamic
modality compared to the static modality.

Finally, we compared patient PS with the OA group across all emo-
tions, the global threshold, the two modalities and the dynamic
advantage using the Crawford t-tests. These tests were two-tailed as we
did not have strong a priori hypotheses on the differences between PS
and the OA group. Bonferroni correction was applied to control for
multiple comparisons across emotions.

2.3.6. Statistical comparison of perceptual thresholds at the stabilization
point vs. after 80 trials

For participants who reached a stabilization point, we examined
whether their perceptual threshold at that point was related to, and
significantly different from, the final estimate obtained after 80 trials.
These supplementary analyses were conducted separately for each
group (i.e., YA and OA), emotion and modality. The relationship be-
tween the two threshold estimates was assessed using Spearman rank
correlations, and differences were tested using the two-tailed Wilcoxon
signed-rank test. Multiple comparisons across emotions were corrected
using the Bonferroni method.

2.4. Transparency and openness

We report how we determined our sample size, all data exclusions,
all manipulations, and all measures in the study. All data are available
online on the Open Science Framework repository at: https://osf.io/t
2csb/?view_only=8cbfl65a4df746daaacee2bafla0cd72, the analysis
code and research materials are available upon request. This study's
design and its analysis were not pre-registered.

3. Results
3.1. Stabilization of the perceptual threshold estimate

Stabilization of the perceptual threshold was defined as an oscilla-
tion within a predefined range across at least four consecutive trials. To
define a suitable oscillation range, we quantified the proportion of
participants meeting the criterion across increasingly larger amplitude
limits (see Methods). Results showed that a 2% fluctuation amplitude
yielded a stabilization for at least 90% of YA and OA participants across
expressions and modalities (Supplementary Table S3; four additional YA
participants were excluded from one condition due to aberrant threshold
values). Patient PS also exhibited stabilized thresholds in all FEE-
modality combinations.

Statistical analysis revealed that, within each group (YA and OA), the
number of trials required to reach the stabilization point did not
significantly differ between the static and dynamic modalities, whether
considered for each emotion individually or for the global score.

In contrast, comparisons between groups showed that, based on the
global score, older adults required significantly more trials to reach
stabilization than young adults in both the static (p < .01) and dynamic
modalities (p < .05; Table 2).

Analysis at the single-expression level indicated that, compared to
the YA, the OA population required significantly more trials to reach a
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stable threshold estimate only for static Anger (p < .05; Table 1).

Analyses comparing patient PS to the OA population showed no
significant difference in the number of trials necessary to reach a stable
estimate for either the static or dynamic modality, regardless of whether
based on the global score or individual expressions. Nevertheless, we
observed a trend for the static expression of fear, where PS required
more trials to reach stabilization than the OA population (p = .051;
Table 2).

3.2. Perceptual threshold across modalities

Perceptual thresholds were defined as the mean of the posterior
distribution generated by the QUEST algorithm, either at the stabiliza-
tion point (i.e., stabilized threshold) or after the full 80-trials sequence
(i.e., 80-trials threshold). Unless otherwise specified the reported results
refer to both the stabilized and 80-trials thresholds.

Comparison between modalities revealed that, globally, young
adults (YA) exhibited significantly lower thresholds in the dynamic
compared to the static condition (stabilized threshold: p < .001; 80-trials
threshold: p < .001). This dynamic advantage was also significant for
most individual expressions (stabilized threshold: p < .05; 80-trials
threshold: p < .01), except for fear (p > .05).

Similarly, at the global level, older adults (OA) also exhibited
significantly lower thresholds in the dynamic condition compared to the
static one (stabilized threshold: p < .001; 80-trials threshold: p < .05).
When considering individual expressions, this dynamic advantage
reached significance only for anger, happiness and surprise (stabilized
thresholds: p < .05; 80-trials threshold: p < .01). Results also revealed a
significant dynamic advantage for disgust but only when considering the
80-trials threshold (p < .05) Full results are provided in Table 4 for the
stabilized thresholds and in Supplementary Table S2 for the 80-trials
thresholds (see also Fig. 2).

3.3. Perceptual threshold across populations

As in the previous section, reported results refer to both the stabilized
and 80-trial thresholds unless specified otherwise.

Statistical comparisons between the OA and YA groups revealed
significantly lower perceptual thresholds in YA for most expressions and
modalities (stabilized threshold: p < .05; 80-trials threshold: p < .05).
No significant differences were found for sadness in either modality for
the stabilized threshold (p > .05), nor for the static expression of sadness
for the 80-trials threshold (p > .05). When considering the dynamic
advantage, results showed that it was significantly larger in OA
compared to YA but only at the global level (stabilized threshold: p <
.01; 80-trials threshold: p < .05); no significant differences were found at
the single-expression level (all p > .05).

Comparison between the OA group and patient PS revealed that
globally there was no significant difference in perceptual thresholds,
regardless of presentation modality (p > .05). At the single-expression
level, PS did not differ significantly from the OA group for any expres-
sion in either the static or dynamic modality, with one exception: for the
80-trials threshold, PS required significantly more signal to recognize
the static expression of happiness (p < .05).

When considering the dynamic advantage, results revealed that
globally it was significantly larger for PS than for the OA group for the
80-trials thresholds (p < .05) but not for the stabilized ones (p > .05). At
the single-expression level, PS showed a significantly larger dynamic
advantage than the OA group for fear (p < .05) and surprise (p < .05) for
the stabilized-threshold and only for fear for the 80-trials threshold (p <
.05). Additionally, PS also showed a significantly larger static advantage
for sadness (stabilized threshold: p < .01; 80-trials threshold: p < .05).
Full results are provided in Table 4 for the stabilized thresholds and in
Supplementary Table S2 for the 80-trials thresholds (see also Fig. 2).
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Table 1
Descriptive statistics for the number of trials required to reach stabilization across populations, modalities, and facial expression.
Population Modality FEE N Mean (SD) Percentile
25% 50% [95% CI] 75%
YA Static Anger 98 22.14 (10.49) 14 19 [17 - 21] 26.75
Disgust 29 20.17 (6.79) 15 19 [18 - 21] 24.5
Fear 98 26.1 (13.39) 17 22 [19 - 25] 33.75
Happiness 100 20.56 (7.54) 15 19 [17 - 21] 24
Sadness 100 21.02 (9.6) 14 19 [17 - 21] 25
Surprise 100 20.99 (8.74) 14 20.5 [18 - 22] 26
Global 95 21.74 (4.01) 19.42 21.33 [20.33 - 22] 23.67
Dynamic Anger 100 21.95 (9.8) 15 19.5 [18 - 22] 25
Disgust 100 21.68 (9.94) 14 20 [18 - 21] 26
Fear 96 26.41 (12.96) 17 23 [21 - 26] 31
Happiness 98 20.95 (7.08) 16 20 [18 - 22] 25
Sadness 100 19.77 (7.39) 14 18 [16 - 20] 24
Surprise 99 19.88 (7.9) 13.5 19 [16 — 20] 23
Global 93 21.83 (3.76) 19 21.5[20.93 - 21.83] 23.33
Static-Dynamic difference Anger 98 .49 (12.84) —8.75 2.5 [-2 - 4] 8
Disgust 99 —1.49 (12.14) -7 -1[-3-2] 6
Fear 94 —.5(15.93) —8.75 -2 [-5-2] 8
Happiness 98 —.32(9.92) —6 -1.5[-3-1] 5
Sadness 100 1.25 (12.22) —4 0[-2-2] 6.25
Surprise 99 1.08 (11.52) -5.5 0[-2-2] 6.5
Global 88 .27 (5) —-2.71 .5[-1.17 - 1.33] 3.58
OA Static Anger 21 30.81 (14.08) 18 30 [18 - 33] 38
Disgust 21 27.48 (14.73) 18 23 [18 —29] 29
Fear 21 28.14 (13) 20 26 [20 - 32] 32
Happiness 21 19.48 (6.01) 15 18 [15 - 22] 24
Sadness 21 21.95 (11.03) 17 18 [17 - 21] 22
Surprise 21 23.76 (9.48) 18 21 [18 - 28] 29
Global 21 25.27 (4.7) 21.83 25.17 [21.83 - 27.67] 28
Dynamic Anger 21 22.81 (10.61) 15 20 [15 - 28] 31
Disgust 21 22.48 (12.86) 15 18 [15 - 24] 24
Fear 19 33.89 (15.38) 21.5 33 [21-40] 42.5
Happiness 21 20.19 (5.88) 18 20 [18 - 22] 24
Sadness 21 22.76 (9.9) 15 22 [15-29] 29
Surprise 21 23.33 (10.58) 17 21 [17 - 22] 24
Global 19 24.39 (4.18) 21.5 23.5 [21.33 - 26.83] 27.42
Static-Dynamic difference Anger 21 8(16.3) —4 5[-4-17] 18
Disgust 21 5(21.33) -2 5[-2-16] 18
Fear 19 —6.11 (17.41) -16.5 -6 [-19 - 5] 7
Happiness 21 —.71(7.19) —4 —-1[-4-2] 2
Sadness 21 —.81 (14.69) -11 1[-11-3] 5
Surprise 21 .43 (15.54) —4 1[-4-7] 10
Global 19 1.08 (4.68) —2.08 1.33 [-2.33-5] 5.17
PS Static Anger 28
Disgust 20
Fear 67
Happiness 21
Sadness 17
Surprise 46
Global 33.17
Dynamic Anger 20
Disgust 40
Fear 29
Happiness 22
Sadness 37
Surprise 14
Global 27
Static-Dynamic difference Anger 8
Disgust -20
Fear 38
Happiness -1
Sadness -20
Surprise 32
Global 6.17

Note. YA = young adults; OA = older adults; PS = prosopagnosic patient; FEE = facial expression of emotions.

3.4. Statistical comparison of the stabilized vs. 80-trials thresholds

Correlation analyses revealed a strong relationship between the
perceptual thresholds estimated at the stabilization point (stabilized
threshold) and those obtained after the full 80-trials sequence (80-trials
threshold) for almost all emotions and modalities. For correlations
reaching significance (p < .05) after Bonferroni correction, Spearman's p

ranged from .30 to .95 in YA and from .70 to .96 in OA. The only con-
dition that failed to reach significance was the dynamic advantage of
happiness in both YA and OA. Full correlation results are reported in
Supplementary Table S4.

Finally, Wilcoxon signed-rank tests revealed no significant difference
between the stabilized and 80-trials perceptual thresholds across most
conditions. In those cases, the median differences between estimates
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Inferential statistics for the number of trials required to reach stabilization for modality and population comparisons.

Static-Dynamic contrast

YA OA
FEE \Y 15 [95%CI] \Y 15 [95%CI]
Anger 2416 .04 [-.19 - .26] 170.5 .48 [.03 -.76]
Disgust 2205.5 —.09 [-.31 -.14] 141.5 .35 [-14-.7]
Fear 1994 —.05[-.28 - 19] 61.5 —.35[-.71 -.14]
Happiness 2021.5 —.08 [-.3to —.16] 100.5 —.13 [-.55-.34]
Sadness 2245.5 .05 [-.18 - .28] 103.5 —.1[-.53-.37]
Surprise 2437 .09 [-.14-.31] 131 .13 [-.34 - .55]
Global 2002.5 .07 [-17 - .3] 122 .28 [-.22 - .67]
Population contrast
YA-OA OA-PS
Modality FEE w 15 [95%CI] t zce
Static Anger 1438.5% 4 [.15-.6] -.19 -2
Disgust 1366.5 .31 [.05 - .54] —.50 —.51
Fear 1172.5 .14 [-.13-.39] 2.92 2.99
Happiness 1000.5 —.05 [-.31 - .22] .25 .25
Sadness 1076 .02 [-.24 - .29] —.44 —.45
Surprise 1224.5 17 [-.1 - .41] 2.29 2.35
Global 1435** .44 [.19 - .63] 1.64 1.68
Dynamic Anger 1093.5 .04 [-.23 - .3] .26 —.26
Disgust 1039 —.01 [.28 - .26] 1.33 1.36
Fear 1204 .32 [.05 - .55] -.31 —-.32
Happiness 999 —.03 [-.29 - .24] .30 .31
Sadness 1213.5 .16 [-.12 - .41] 1.40 1.44
Surprise 1247.5 .2 [-.07 - .44] —.86 —.88
Global 1204* .36 [.09 - .58] .61 .62

Note. YA = young adults; OA = older adults; FEE = facial expression of emotions; V = Wilcoxon signed-rank test; r; = rank biserial correlation (effect size) for the
Wilcoxon signed-rank test; W = Wilcoxon rank-sum test; r,;, = rank biserial correlation (effect size) for the Wilcoxon rank-sum test; t = modified Crawford-Howell ¢t-

test; zcc = effect size for the modified Crawford-Howell t-test.
***p < .001; **p < .01; *p < .05.

ranged from —.87% to 1.63% in YA and from —4.19% to 3.42% in OA.
Significant differences were observed only in YA for sadness in either
modality (p < .01), for static happiness (p < .05), and for the global static
and dynamic conditions (p < .05). For these conditions, the median
differences between stabilized and 80-trials thresholds ranged from
—.82% to 2.20%.

4. Discussion and conclusions

This study evaluated the reliability and efficiency of the QUEST
threshold-seeking algorithm as a tool for estimating individual sensi-
tivity in facial expression recognition. Addressing the need for rapid and
precise assessment tools that capture individual variability, we applied
the QUEST algorithm across three populations: neurotypical young
adults, older adults, and a patient with acquired prosopagnosia, PS. We
estimated the minimum amount of signal each individual required to
reach a predefined level of recognition accuracy for both static and
dynamic expressions by using a psychophysical approach. Specifically,
we examined: (1) whether the QUEST algorithm can generate stable
perceptual threshold estimates at the single-subject level; (2) how many
trials are required for the algorithm to reach stabilization across in-
dividuals, expressions, and modalities; and (3) whether the resulting
thresholds capture well-established effects in FER, such as age-related
decline and the dynamic advantage — and whether this advantage
could serve as a marker for frailties in the FER system. In the following
sections, we discuss each of these points in turn and consider their
theoretical and methodological implications. Finally, we provide
expression-specific guidance for future studies that aim to examine FER
sensitivity with the QUEST. Before addressing these core questions, we
first provide a brief discussion of the potential interpretation of the 44%
accuracy level in terms of perceptual challenge.

In this work, we examined the amount of noise required to achieve
two separate accuracy levels: 44% and 58%. The latter revealed to pose
too much of a challenge, especially to older adults, who often required

more than 100% of visual signal to perform at this level. In contrast, 44%
accuracy was more attainable by both young and older adults as well as
by patient PS. Although interpreting a single accuracy level should be
done with caution, performance at 44% in a 6AFCS task indicates that
participants are performing well above chance (16.67%) while still
facing substantial perceptual difficulty. One way to contextualize this
threshold is by considering performance at full signal. Richoz et al.
(2018) showed that accuracy around 40% is typically observed in young
children and older adults when no visual noise is present. Under this
framing, young adults in the current study might be facing a level of
perceptual challenge comparable, at least quantitatively, to that expe-
rienced by older adults under natural viewing conditions. This inter-
pretation is in line with our observation of a dynamic advantage at 44%
of accuracy, which supports the notion that dynamic information pro-
vides significant support during facial expression recognition when the
FER system is stressed, whether by physiological factors such as aging,
or by externally imposed visual noise. Nevertheless, whether the un-
derlying mechanisms are qualitatively comparable remains an open
question.

4.1. Stability of individual-level threshold estimates

First and foremost, to validate the effectiveness of the QUEST algo-
rithm in assessing FER sensitivity at the individual level, we examined
its capacity to produce stable and precise threshold estimates across
different populations and for both the recognition of static and dynamic
FEEs.

Our study builds directly on the work of Richoz et al. (2024) who
used a parametric manipulation of the signal strength (phase coherence
ranging from 0% to 100%) to examine FER in young adults. Their
approach combined uniform and adaptive sampling methods to sys-
tematically vary the signal strength of the FEEs presented. They con-
ducted group-level analyses using Weibull fits of binned accuracy data to
estimate recognition curves. While their findings offered important
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Table 3
Descriptive statistics for the stabilized perceptual threshold estimates across populations, modalities, and facial expression.
Population Modality FEE N Mean (SD) Percentile
25% 50% [95% CI] 75%
YA Static Anger 98 33.01 (21.29) 16.76 26.02 [21.68 - 33.25] 45.52
Disgust 99 27.06 (11.12) 19.11 24.38 [22.37 - 25.71] 32.61
Fear 98 44.10 (33.32) 16.06 30.29 [22.04 - 46] 63.05
Happiness 100 14.03 (6.81) 11.41 13.23 [12.73 - 13.82] 14.73
Sadness 100 25.90 (18.99) 14.47 18.36 [16.29 — 21.24] 29.97
Surprise 100 30.96 (21.31) 18.46 23.87 [21.58 — 27.49] 35.46
Global 95 28.98 (8.63) 23.01 27.65 [25.44 — 29.63] 33.17
Dynamic Anger 100 27.85 (27.53) 9.64 14.6 [12.52 - 20.14] 39.29
Disgust 100 23.21 (16.29) 13.6 18.35 [15.19 — 20.73] 24.55
Fear 96 45.92 (38.56) 13.33 29.88 [20.89 — 46.22] 69.16
Happiness 98 7.48 (2.97) 5.62 7.15 [6.58 — 7.68] 8.91
Sadness 100 23.24 (19.83) 11.48 15.4 [13.38 - 17.01] 27.75
Surprise 99 21.38 (22.04) 7.75 11.58 [9.57 — 15.28] 27.01
Global 93 25.28 (11.57) 16.42 23.29 [21.05 - 25.96] 31.86
Static-Dynamic difference Anger 98 6.51 (28.44) -1.56 5.95 [4.28 — 11.96] 23.17
Disgust 99 3.94 (15.96) -1.3 4.73 [2.43-7.73] 12.13
Fear 94 —2.89 (40.94) —25.13 2.61 [-3.45 - 8.26] 18.03
Happiness 98 6.69 (7.70) 3.59 6.48 [4.75 - 7.09] 8.17
Sadness 100 2.66 (21.83) —2.85 3.17 [.70 - 5.48] 11.76
Surprise 99 9.79 (25.36) 212 10.44 [6.78 — 12.79] 17.93
Global 88 3.88 (9.82) —-2.28 5.01 [1.64 - 7.31] 10.69
OA Static Anger 21 69.70 (33.65) 43.51 66.94 [43.51 — 93.33] 99.67
Disgust 21 54.13 (32.31) 29.7 48.46 [29.70 - 64.40] 71.85
Fear 21 82.19 (42.63) 39.04 90.45 [39.04 - 121.66] 121.77
Happiness 21 16.66 (7.15) 12.44 16.5 [12.44 - 18.39] 18.98
Sadness 21 40.35 (33.52) 18.93 23.93 [18.93 - 45.63] 49.51
Surprise 21 47.33 (26.65) 24.33 37.48 [24.33 - 67.02] 71.3
Global 21 51.72 (16.96) 37.66 52.08 [37.66 — 61.07] 63.22
Dynamic Anger 21 46.50 (30.83) 23.42 40.25 [23.42 - 49.75] 57.68
Disgust 21 38.60 (23.71) 17.92 34.25 [17.92 - 44.42] 45.18
Fear 19 81.50 (42.72) 41.61 99.62 [35.53 — 114.85] 118
Happiness 21 10.91 (2.61) 9.24 10.83 [9.24 - 11.95] 13.03
Sadness 21 35.73 (30.67) 14.74 21.12 [14.73 - 43.10] 46.15
Surprise 21 32.13 (22.21) 13.83 23.44 [13.83 - 47.20] 48.83
Global 19 41.98 (16.46) 28.89 42.49 [27.17 - 53.87] 54.1
Static-Dynamic difference Anger 21 23.19 (31.35) 1.02 17.09 [1.02 — 41.73] 50.62
Disgust 21 15.54 (34.35) —-2.96 13 [-2.96 - 36.78] 37.09
Fear 19 —3.51 (21.70) —19.52 .51 [-19.73 - 8.08] 9.46
Happiness 21 5.74 (5.99) 2.19 5.05 [2.19 - 8.72] 9.5
Sadness 21 4.61 (21.01) —4.38 1.96 [-4.38 — 3.51] 5.24
Surprise 21 15.20 (24.53) 4.55 14.66 [4.55 — 22.45] 22.47
Global 19 9.99 (10.12) 2.15 13.38 [1.81 - 16.44] 16.51
PS Static Anger 91.39
Disgust 43.3
Fear 103.23
Happiness 21.05
Sadness 20.6
Surprise 105.54
Global 64.18
Dynamic Anger 19.37
Disgust 24.9
Fear 33.45
Happiness 18.42
Sadness 110.07
Surprise 12.1
Global 36.39
Static-Dynamic difference Anger 72.01
Disgust 18.4
Fear 69.78
Happiness 2.62
Sadness —89.47
Surprise 93.44
Global 27.8

Note. YA = young adults; OA = older adults; PS = prosopagnosic patient; FEE = facial expression of emotions.

insights into how dynamic and static FEEs are recognized under varying
visual conditions, their method did not implement a threshold-seeking
algorithm and was not designed to yield reliable perceptual thresholds
at the individual level.

In contrast, in the current study, we used the QUEST algorithm to
derive threshold estimates at the single-subject level. Initial QUEST
parameters were derived from the slope of FER performance - as a

function of visual noise - reported by Richoz et al. (2024), providing
plausible starting values for threshold estimation. Two accuracy targets -
44% and 58% - were evaluated. A prior test in a large sample of young
adults revealed that the 44% accuracy level provided the most reliable
and sensitive measure across facial expressions and modalities. Conse-
quently, we adopted this threshold for subsequent analyses in young
adults, older adults, and a patient with acquired prosopagnosia.
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Inferential statistics for the stabilized perceptual threshold estimates for modality and population comparisons.

Static-Dynamic contrast

YA OA
FEE A% 15 [95%CI] \% s [95%CI]
Anger 3275%* .35 [.14 - .53] 193* .67 [.31 - .86]
Disgust 3496** .41 [.21 - .58] 176 .53 [.09-.79]
Fear 2157 —.03 [-.26 - .20] 84 —.12 [-.56 - .38]
Happiness 4618+** .90 [.85-.94] 215%** .86 [.67 —.95]
Sadness 3232* .28 [.06 — .47] 138 .19 [-.28 - .60]
Surprise 3882%** .57 [.40 -.70] 197%** .71 [.37 - .88]
Global 2789%** 42 [.21 - .60] 174%** .83 [.59 - .94]
Population contrast
YA-OA OA-PS
Modality FEE w 15[95%CI] t zce
Static Anger .63 [.43 -.77] .63 .64
Disgust .6 [.4-.75] -.33 —.34
Fear 1592+ .55 [.33-.71] .48 .49
Happiness 1421* .35 [.10 - .57] .6 .61
Sadness 1350 .29 [.02 - .51] —.57 —.59
Surprise 1471* .40 [.15 - .60] 2.13 2.18
Global 1788*** .79 [.67 - .88] 72 .73
Dynamic Anger 1517** .44 [.20 - .64] —.86 —.88
Disgust 1558%* .48 [.25 - .66] —.56 —.58
Fear 1338** 47 [.22 - .66] -1.09 -1.12
Happiness 1690%** .64 [.45 - .78] 2.8 2.88
Sadness 1377 .31 [.05-.53] 2.37 2.42
Surprise 1426* .37 [.12 - .58] —.88 -9
Global 1405%** .59 [.37 - .75] -.33 —.34
Static-Dynamic difference Anger 1264 .23 [-.04 - .47] 1.52 1.56
Disgust 1289 .24 [-.03 - .48] —.08 .08
Fear 849 —.05 [-.32 -.23] 3.29* 3.38
Happiness 961 —.07 [-.33 -.20] —.51 —.52
Sadness 971 —.08 [-.33-.19] —4.37%* —4.48
Surprise 1216 .17 [-.10 - .42] 3.11* 3.19
Global 1144%* .37 [.10 - .59] 1.71 1.76

Note. YA = young adults; OA = older adults; FEE = facial expression of emotions; V = Wilcoxon signed-rank test; r; = rank biserial correlation (effect size) for the
Wilcoxon signed-rank test; W = Wilcoxon rank-sum test; r,;, = rank biserial correlation (effect size) for the Wilcoxon rank-sum test; t = modified Crawford-Howell ¢t-

test; zcc = effect size for the modified Crawford-Howell t-test.

***p < .001; **p < .01; *p < .05.

Given that FER sensitivity varies with age (Richoz et al., 2018),
expression type (e.g., Calder et al., 2003), and visual complexity (e.g.,
Ambadar et al., 2005; Bould et al., 2008) it was critical to assess whether
the QUEST could yield stable thresholds across diverse participants and
conditions. A posteriori, data-driven analysis revealed that QUEST
converged in nearly all individuals, facial expressions and conditions.
Even among older adults, data exclusion rates remained below 10%,
consistent with prior evidence that QUEST provides sensitive and un-
biased threshold estimates in both developmental and clinical pop-
ulations (Rodger et al., 2015, 2018; Watson and Pelli, 1983).

A key methodological novelty of the present study lies in how sta-
bilization was defined and evaluated. Previous studies applying the
QUEST algorithm to high-level visual tasks such as FER (e.g., Rodger
et al., 2015) typically stopped testing once participants provided a
sequence of three correct or incorrect responses and the standard devi-
ation of the presented signal levels dropped below a given threshold.
While such criteria may indicate that the stimulus presentation (i.e., the
input) has stabilized, they do not guarantee that the algorithm's estimate
of the perceptual threshold itself has genuinely converged. Low varia-
tion in signal levels alone cannot confirm stabilization, as participants
may still be guessing or responding inconsistently, and the underlying
threshold estimate may continue to fluctuate despite an apparently
stable input. In contrast, our approach introduced a more rigorous and
reliable stabilization criterion. Rather than relying on the stability of the
stimuli, we assessed the stabilization of QUEST's internal threshold es-
timate across successive trials. Specifically, stabilization was defined as
three consecutive directional changes of the estimated threshold within

10

a 2% range — a criterion that ensures that the estimate itself, not just the
stimulus, is stable.

Applying this refined criterion, we showed that QUEST yields stable
individual-level perceptual thresholds for the recognition of both static
and dynamic facial expressions. This methodological advance
strengthens threshold estimation by ensuring that the derived thresholds
accurately reflect perceptual sensitivity and are less susceptible to
response noise or random guessing. As a result, our approach provides a
strong foundation for future research on individual differences in facial
expression recognition. This is particularly important given recent evi-
dence that age-related FER decline is not uniform across individuals but
is shaped by cognitive factors. For instance, Pua and Yu (2024)
demonstrated that executive functions—such as inhibition, cognitive
flexibility, and working memory—mediate or moderate the impact of
aging on FER, with distinct patterns for men and women. These findings
underscore the importance of considering cognitive profiles when
interpreting individual differences in perceptual thresholds. In this
context, ongoing work currently examines whether traits such as
emotional intelligence correlate with perceptual thresholds (Gillioz
et al., in preparation). Preliminary findings suggest that individuals who
score higher on the emotion recognition and emotion understanding
facets of emotional intelligence require less signal to accurately recog-
nize dynamic facial expressions. These findings provide deeper insights
into the cognitive and affective mechanisms underlying human facial
emotion decoding and further validate the utility of perceptual
threshold measures in capturing individual differences in emotion
processing.
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Fig. 2. Percentage of Signal Required for Static and Dynamic FER and Dynamic Advantage in Young-Adults, Older Adults and PS.

Note. From the top to the bottom: signal required to achieve 44% accurate static and dynamic FER and the dynamic advantage (signal static — signal dynamic) in
young-adults (YA — green dots), older adults (OA — blue dots) and PS (red diamond) for the six basic facial expressions of emotion and for the recognition performance
of all expressions averaged (Global). The scales have been adapted according to the distribution obtained in each condition. Please note that the QUEST algorithm
provides a statistical estimation of the quantity of signal the participants require to perform the task. When participants fail to reach the 44% accuracy level even with

100% signal, the algorithm returns a value above the maximum signal.

4.2. Efficiency: minimum trials to reach stabilization

After establishing the reliability and stability of QUEST-derived
thresholds, we examined the algorithm's efficiency by comparing the
number of trials required to reach stabilization across individuals, ex-
pressions, and populations. Overall, our findings indicate that QUEST
can achieve stabilization within a limited number of trials for all ex-
pressions and modalities in more than 90% of the participants in every
population, supporting its suitability for use in both research and clinical
contexts.

Notably, the number of trials required to reach stabilization varied
across participant groups. Older adults required on average significantly
more trials than young adults, to achieve stable threshold estimates in
both static and dynamic conditions. This increased trial count in older
adults likely reflects greater response variability, consistent with well-
documented age-related declines in FER abilities (e.g., Richoz et al.,
2018; Hayes et al., 2020; Pua and Yu, 2024). At the level of individual
facial expressions, older adults needed significantly more trials than
young adults to reach stabilization for the static expression of anger.

In contrast, the prosopagnosic patient PS did not require significantly
more trials than older adults across either modality or individual ex-
pressions. Despite her known impairments in face processing (Rossion
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et al., 2003) and facial expression recognition (Richoz et al., 2015), she
reached stabilization within a comparable number of trials to those of
older adults. Altogether, these findings indicate that the QUEST algo-
rithm can efficiently yield stable threshold estimates even in populations
with specific perceptual difficulties.

To our knowledge, this is the first study to systematically determine
the number of trials required for QUEST stabilization in the context of
facial expression recognition. Although QUEST has been previously
implemented in high-level visual tasks, such as FER (e.g., Rodger et al.,
2015; Wyssen et al., 2019), none have reported concrete trial counts,
which is a critical information when working with populations for whom
long testing sessions are not possible. This is important information, as
knowing how many trials are actually necessary to derive stable
threshold estimates allows researchers to design shorter, more efficient
testing protocols without compromising the validity of the data. Pop-
ulations with limited attentional or cognitive resources, such as older
adults (Pua and Yu, 2024), young children (e.g., Conte and Richards,
2021; Reynolds et al., 2013) or clinical groups with neurodegenerative
conditions such as Alzheimer (Perry and Hodges, 1999; Mavritsaki et al.,
2019) as well as patients with brain lesions (Spaccavento et al., 2019)
would greatly benefit from this methodological advancement, for its
potential use in diagnostic or screening tools, where rapid and effective
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assessment of individual abilities is crucial.
4.3. Sensitivity to known FER effects

Our final objective was to assess whether the QUEST algorithm could
reveal well-known effects in FER, thus providing meaningful insights
into the mechanisms underlying FER. Specifically, we investigated three
key phenomena: (1) age-related differences in FER; (2) the ability to
distinguish individual profiles by comparing patient PS to age-matched
older adults and (3) the dynamic advantage.

To assess the algorithm's sensitivity to these effects, we conducted
two analyses for each facial expression and modality. The first focused
on the perceptual threshold estimated at the stabilization point, while
the second was based on the estimates obtained after the full 80-trials
sequence. Importantly, both analyses yielded the same pattern of ef-
fects across populations and modalities with only minor variations in
significance. Thresholds obtained at stabilization were strongly corre-
lated with those derived from the full 80-trials set and statistical com-
parison between these two estimates showed no significant differences
for most expressions. The only significant differences were found in
young adults for sadness in both conditions and happiness in the static
condition. We hypothesize that these exceptions may be due to
increased noise when administering more trials than necessary, espe-
cially for emotions that require fewer trials to achieve stable threshold
estimates. Additionally, the lack of correlation for happiness may be
explained by the limited inter-individual variability observed for this
expression, as reflected in the smallest standard deviation. When vari-
ability is minimal, correlations are less likely to emerge, even if under-
lying associations exist.

Overall, our findings demonstrate that using fewer trials preserves
well-established effects and does not compromise inter-observer statis-
tical comparisons. Based on these observations, the following sections
will focus exclusively on the thresholds estimated at stabilization.

4.3.1. Age-related differences in signal requirements for FER

Our results revealed that young adults required overall significantly
less signal than older adults to recognize facial expressions across both
static and dynamic conditions. This difference present across all ex-
pressions — excepted sadness — supports the well-established age-related
decline in FER abilities and aligns with prior work showing reduced
recognition accuracy for dynamic facial expressions (e.g., Cortes et al.,
2021; Richoz et al., 2018) and vocal stimuli in aging (Cortes et al.,
2021). Furthermore, Pua and Yu (2024) emphasize that executive
functioning modulates these declines, offering a framework for under-
standing why some older adults exhibit greater FER performance than
others and providing potential explanations for inter-individual vari-
ability. Our findings indicate that older adults require more visual in-
formation than young adults to reach the same level of FER accuracy.
They are in line with a study by Smith et al. (2018) that used a reverse
correlation emotion categorization task with the Bubbles paradigm to
map out the facial features that are the most important to recognize
facial expressions. Their results revealed that while older and younger
adults used the same perceptual strategies to recognize facial expres-
sions, older adults required on average 25 more bubbles (approx-
imatively 15% more visual information) than their younger
counterparts to correctly identify emotions. Critically, while both the
Bubbles technique and QUEST provide quantitative measures of FER
sensitivity, QUEST achieves this with a substantially reduced number of
trials (<80 trials per expression vs. 2700 trials with Bubbles) and in both
static and dynamic modalities. This advantage positions QUEST as a
unique tool for the rapid and reliable assessment of FER sensitivity,
particularly in populations where time and attentional limitations are
critical constraints.

4.3.2. Patient PS vs. age-matched controls
Contrary to expectations, PS did not significantly differ from older
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adults in terms of quantity of signal required to reach recognition ac-
curacy, on both the overall and the individual expressions. Several
factors may explain this lack of difference between PS and her age-
matched controls. Prior studies have shown that perceptually chal-
lenging conditions and task difficulty have a negative impact on facial
expression recognition in older adults, particularly when facial features
are hidden (for instance while wearing masks; Lenoir et al., 2024) or
when emotional expressions are less distinct (e.g., Hayes et al., 2020;
Shen and Zuo, 2023; Orgeta, 2010). Given the high difficulty of the
current task, it is possible that the performance gap typically observed
with full signal faces between older adults and individuals with specific
impairments, such as PS, was reduced. Notably, despite her known
deficits, PS's performance did not decline further relative to that of older
adults. This observation suggests that the increased task demand may
have encouraged PS to rely on alternative processing strategies that
disproportionally benefited her. Indeed, previous research has evi-
denced that PS tends to rely more on local facial features than global
configurations (Rossion, 2022a, 2022b; Caldara et al., 2005; Fiset et al.,
2017; Schaller et al., 2023) - a strategy that may be particularly effective
in situations where configural cues are degraded or inaccessible. In these
conditions, where older adults may also be forced to rely on alternative
and less familiar strategies, PS's long-standing use of non-configural cues
may give her a relative advantage. Thus, the absence of a significant
difference between PS and her age-matched controls should be inter-
preted with caution, and not as evidence of preserved FER in PS. Instead,
we interpret her performance as an indication that age-related decline
and compensatory mechanisms interact to shape FER performance
under increased perceptual challenge.

4.3.3. The dynamic advantage

All three populations benefited from dynamic over static pre-
sentations, requiring less signal on average to reach accuracy levels in
the dynamic condition. This global dynamic advantage was modulated
by both the type of expression and the population. More specifically, a
dynamic advantage was observed across nearly all FEEs in young adults
(except for fear), for anger, happiness and surprise in older adults, and
descriptively for all expressions in PS except sadness, which instead
showed a static advantage. These findings are in line with previous
research showing a dynamic advantage for the recognition of facial
expressions in patient PS (Richoz et al., 2015) in older adults (Richoz
et al.,, 2018; Cortes et al., 2021) and in healthy young adults under
visually challenging conditions (Richoz et al., 2024).

When examining the strength of the dynamic advantage, our findings
revealed that it was more pronounced in PS and in older adults, sug-
gesting that frailer visual systems may rely more on dynamic informa-
tion to support recognition. PS did not exhibit a stronger overall
dynamic advantage than older adults, which might be explained by her
expression-specific response profile. In fact, when considering the ex-
pressions individually, she showed a larger advantage for fear and sur-
prise, but also a stronger static advantage for sadness, likely reducing the
overall dynamic advantage. The static advantage for sadness is consis-
tent with previous research showing that this expression is often better
recognized from static images (e.g., Bomfim et al., 2019; Recio et al.,
2013; Bould et al., 2008) or when evolving slowly over time (Kamachi
et al., 2001). This may be particularly the case for individuals who have
difficulties in extracting information from the eye region - such as PS
(Caldara et al., 2005) — a facial region known to be critical for the
recognition of sadness (Eisenbarth and Alpers, 2011). In such cases, the
temporal dynamics of moving faces may disrupt, rather than facilitate,
the processing of these critical diagnostic cues.

4.3.4. Potential clinical applications

Taken together these findings highlight QUEST's sensitivity to well-
known FER effects. They also demonstrate that while dynamic cues
generally enhance FER, this benefit is not uniform across expressions or
individuals. Importantly, adaptive tools like the QUEST can help
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uncover specific response profiles — as illustrated by PS's atypical static
advantage for sadness — offering new insights into the functioning of the
FER systems under challenging visual conditions, particularly in specific
populations. Notably, this adaptive tool could be of strong potential
interest for clinical applications, particularly for the early detection of
FER deficits in specific populations. These may include, for example,
individuals with neurodegenerative conditions such as frontotemporal
or Alzheimer's dementia (Jiskoot et al., 2021), those with mild cognitive
impairment in the context of Parkinson's disease, for whom impairments
in the recognition of disgust have been reported (Chiang et al., 2024),
and neurodevelopmental populations such as individuals with autism
spectrum disorder (ASD), who often show impaired recognition of anger
and fear (Ashwin et al., 2007; Van der Donck et al., 2020).

4.4. Expression-specific guidance for future studies using QUEST

In addition to validating the QUEST algorithm as an efficient tool to
assess FER sensitivity, our findings also offer practical guidelines for
optimizing its use in future studies. Specifically, our results suggest that
while a full set of expressions should be tested to preserve the integrity of
the decisional space, it may be possible to focus the interpretation on a
subset of the most informative expressions. Such an approach would
improve testing efficiency and reduce overall testing time as only the
selected expressions would need to reach stabilization — even if all the
expressions are initially tested to keep the same chance level. The
resulting stabilized estimates could then be used as measures of interest
or potential clinical markers of FER sensitivity. This is critical when
working with developmental or clinical populations or older individuals
for whom long testing sessions might not be possible.

The use of single expressions as clinical markers is supported by
previous research. For instance, impaired recognition of anger and fear
have been identified as markers of autism spectrum disorder (e.g.,
Ashwin et al., .2007; Van der Donck et al., 2020), while deficits in
recognizing disgust are characteristic of Parkinson's disease (Chiang
et al., 2024). These findings highlight that certain expressions may be
especially informative for characterizing FER vulnerabilities, and
therefore particularly useful for targeted analyses in both research and
clinical settings.

Our results further suggest that in some contexts, significant differ-
ences in FER sensitivity between dynamic and static expressions, or
between populations, can be captured by a limited number of infor-
mative expressions rather than the full set. For example, among young
adults, a dynamic advantage was observed for all expressions except
fear, suggesting that any basic expression other than fear — or happiness,
which generally shows limited interindividual variability — could be
selected to probe the dynamic advantage. In older adults, anger or
surprise emerged as particularly informative expressions as they showed
a dynamic advantage. When comparing young and older adults, all ex-
pressions except sadness were effective in both static and dynamic
conditions.

However, the choice of focusing on specific expressions should be
considered with care as this approach may not be appropriate in all
contexts. In fact, when comparing older adults to the prosopagnosic
patient PS, our findings do not strongly support the use of a specific
expression to explore FER threshold differences. A significant difference
between PS and AM emerges only when examining the magnitude of the
dynamic advantage, with PS exhibiting a significantly larger dynamic
advantage for fear and surprise, and a stronger static advantage for
sadness.

4.5. Limitations and future directions

Despite the strengths of the current study, several limitations should
be acknowledged. First, while our approach enabled precise estimation
of FER thresholds, it was restricted to basic expressions and a fixed set of
stimuli, which may constrain generalizability to more nuanced or
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socially complex emotions (see Rodger and Caldara, 2025). Second,
although our findings demonstrate that stabilization can be reached
efficiently, we did not assess the temporal stability of these threshold
estimates through replication or test-retest reliability. Future studies
should therefore examine whether similar thresholds are obtained
across repeated sessions and independent samples to confirm robust-
ness, ideally using new participants to avoid potential familiarity or
practice biases. Third, our clinical insights are based on a single case of
acquired prosopagnosia, which may not reflect the variability typically
observed across clinical populations. Additionally, this study considered
only one stimulus dimension—the percentage of signal or “phase
coherence”—and one psychometric parameter, namely the pre-
determined threshold for correct recognition performance. To explore
the percentage of signal required for FER, we employed the original
QUEST method, which was deemed sufficient for such straightforward
cases. However, alternative adaptive psychophysical methods exist,
including the more recently developed QUEST + method (Watson,
2017) or the Bayesian Psi method (Kontsevich and Tyler, 1999). Future
studies should explore whether these or other methods may provide
even more sensitive and efficient measures in this context. This is
particularly important for paradigms assessing FER and the dynamic
advantage as they involve assessing a large number of conditions.

Finally, in the current study we did not randomize the order of ac-
curacy level-modality combinations. This choice was motivated by the
need to compare a single case to a control group and to minimize po-
tential learning effects arising from testing easier conditions first. Ac-
curacy level-modality combinations were tested on separate days to
reduce fatigue. Nevertheless, the lack of randomization should be
considered when interpreting the findings.

4.6. Constraints on generality

All participants tested in this experiment were Western Europeans.
Therefore, our findings should only be generalized to individuals
sharing this cultural background. This limited cultural diversity repre-
sents an important limit on the generalization of our findings to Western
observers, as cultural factors can influence face processing (for reviews,
see Caldara, 2017; Blais and Caldara, 2021; Rodger and Caldara, 2025)
as well as the processing and representation of facial expressions (Jack
etal., 2012, 2013; Jack, Caldara & Schyns, 2012). Future studies should
extend these findings to individuals from different cultures to ensure
broader applicability and understanding of FER sensitivity across
diverse populations.

5. Conclusions

This study demonstrates that the QUEST threshold-seeking algo-
rithm is a reliable, efficient, and sensitive method for estimating indi-
vidual FER sensitivity across diverse populations, including young
adults, older adults, and a patient with acquired prosopagnosia. By
introducing a rigorous stabilization criterion based on the stability of the
threshold estimate itself, the algorithm produced stable perceptual
thresholds within a limited number of trials for both static and dynamic
expressions. Our findings replicated well-established FER effects: older
adults and patient PS required more signal to achieve recognition ac-
curacy, confirming age-related decline and impairment. Notably, dy-
namic stimuli yielded lower thresholds than static ones, particularly in
older adults and patient PS, supporting the notion that the dynamic
advantage may serve as a sensitive marker of FER vulnerability in fragile
systems. Overall, our study provides practical guidance for future
research using QUEST with a similar research design. We also discussed
how the testing can be optimized by focusing on selected expressions to
reduce testing time without sacrificing sensitivity.

By establishing a robust framework for assessing FER thresholds at
the individual level, this study lays the groundwork for future single-
subject research in affective science and clinical neuropsychology.
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Such approaches are critical for capturing individual variability and for
advancing our understanding of the mechanisms underlying human
emotion decoding.
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