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ABSTRACT

Acute stress has been demonstrated to affect a diverse array of attentional processes, one of which
is selective attention. Selective attention refers to the cognitive process of deliberately allocating
attentional resources to a specific stimulus, while ignoring other, distracting stimuli. While
catecholamines have been shown to narrow attention, investigations on the influence of the stress
hormone cortisol have yielded ambiguous results. We conducted two separate studies utilizing
different laboratory stress induction paradigms to examine if cortisol influences the ability to
selectively attend to local or global elements of a visual stimulus. In Study 1, 72 healthy young men
took part either in the stressful Socially Evaluated Cold Pressor Test (SECPT) or a non-stressful (warm
water) control, before being exposed to a composite letter task (CLT). Study 2 comprised a sample
of 72 healthy young men and women and made use of a modified version of the Trier Social Stress
Test (TSST) as well as a non-stressful control version, the friendly-TSST (f-TSST). Via endocrine,
physiological, and subjective markers, we confirmed a successful stress induction. As verified with
Bayesian statistics, stress did not affect selective attention in neither of the two studies. Furthermore,
we were able to replicate the previously demonstrated absence of global precedence for composite
figures composed of letters. Our results offer novel insights into the temporal dynamics of the
effects of acute stress on attentional processes. Future studies should manipulate the timing of
stress induction and investigate the effects of stress on letter vs. non-letter composite figures to
shed further light on the underlying mechanisms.
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Introduction Following exposure to a stressor the sympathetic-adrenal-med-
ullary (SAM) axis becomes active, triggering the release of dopa-
mine (DA) and noradrenaline (NA) in various regions of the brain,
including hippocampus, amygdala, and prefrontal cortex (PFC; de
Quervain et al,, 2007). Activation of the SAM axis results in height-
ened vigilance and attention narrowing (Allen et al, 2014; Arnsten,
2009). Approximately 15-30minutes after stress onset, the gluco-
corticoid cortisol is released into the bloodstream via the
hypothalamic-pituitary-adrenal (HPA) axis (Allen et al, 2014). By

crossing the blood-brain barrier and binding to receptors located

In our everyday lives, we are constantly exposed to vast
amounts of visual stimuli. Due to limited cognitive resources,
our brains are not able to process all aspects of the environ-
ment, necessitating the selective filtering and organization of
visual input. One way in which the brain organizes visual input
is global-local perception, or the tendency to preferentially pro-
cess either local or global aspects of a visual stimulus (Rezvani
et al, 2020). While deliberately attending to local or global ele-
ments of visual input is relevant for various everyday tasks, like

reading or driving a car, impairments in this central cognitive
skill are observed in certain clinical subgroups, for instance
people suffering from cortical degenerative disorders (Pelak,
2009) or autism (Baisa et al., 2019). It is therefore relevant to
investigate the cognitive processes involved in global-local per-
ception. One underlying process is supposed to be selective
attention, the ability to voluntarily attend to a predetermined
stimulus or task, while keeping interference from unrelated
and distracting stimuli at minimum (Driver, 2001). Selective
attention is influenced by various factors, one of which is an
acute stress response (Shields et al., 2016).

in the aforementioned brain areas, cortisol modulates neural acti-
vation. Both rapid non-genomic and slow genomic cortisol effects
occur, thereby either facilitating (Roozendaal et al, 2006) or down-
regulating (de Kloet et al,, 2005) the effects of catecholamines like
DA and NA. How cortisol modulates attentional processes, includ-
ing selective attention, thus depends on the timing of acute stress
induction. One commonly utilized task to investigate selective
attention, specifically global-local perception, is the composite let-
ter task (CLT), also known as Navon hierarchical figures task.

In the CLT, participants are exposed to a large single letter
composed of multiple smaller letters (Navon, 1977). The large
letter represents the holistic (global) visual level, while the
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small letter embodies a narrow (local) perceptual focus. By
having participants focus either on the small or large letter,
the process of selective attention can be investigated. The
tendency to pay attention toward the local or global level of
a stimulus depends on a multitude of factors, including size
and number of elements (Primativo & Arduino, 2023), expo-
sure time (Blanca et al, 1994) as well as mood (Gasper &
Clore, 2002). The influence of acute stress, i.e., stress experi-
enced in response to an immediate physiological or psycho-
logical challenge, on executive functions, including selective
attention, has been investigated in previous studies (for a
review: Shields et al., 2016). The role of cortisol, specifically its
non-genomic effects on global-local perception is, however,
in need of further investigation.

In this study, we investigated how selective processing of
global and local elements of a visual stimulus is affected by
acute stress, specifically increased levels of the stress hor-
mone cortisol. Data have been collected in two separate
experiments. The first experiment made use of a primarily
physiological laboratory stressor, the Socially Evaluated Cold
Pressor Test (SECPT; Schwabe et al., 2008), while the second
utilized a psychosocial stressor, a modified version of the Trier
Social Stress Test (TSST; Kirschbaum et al., 1993). Catecholamine
activity, rather than glucocorticoid-induced changes in brain
activity, has been shown to modulate attentional processes
(Brennan & Arnsten, 2008). Effects of glucocorticoids, on the
contrary, might counteract the attention-narrowing catechol-
aminergic activity by shifting the brain from a stimulus-driven
to a more restrained activity level (Henckens et al, 2012),
thereby helping the brain return to a state of homeostasis
after being disrupted by acute stress (de Kloet et al., 2005).
As participants engaged in the CLT during the respective cor-
tisol but not catecholamine peak, we hypothesized that cor-
tisol increases would not relate to changes in selective
attention in neither of the two studies. To be able to test our
hypothesis, the CLT took place 28 (Study 1) and 23 (Study 2)
minutes after initiation of the respective stressor, when
stress-induced cortisol increases were expected to reach their
peak (Dickerson & Kemeny, 2004; Schwabe et al., 2022). Next
to analyzing salivary cortisol levels as a marker for HPA axis
activity, we measured blood pressure (Study 1) and salivary
alpha-amylase (sAA; Study 2) as markers for SAM axis activity.

Study 1
Materials and methods

Participants

Conducting an a priori power analysis using G*Power version
3.1.9.4 (Faul et al,, 2009) for an analysis of variance (ANOVA)
for fixed effects, special effects, main effects, and interactions
(2 groups; 1 degree of freedom), with a power of 1 — >0.85,
at a<0.05, aiming for a medium to large effect size of f=0.38,
a target sample size of 65 participants was calculated. We
based our effect size estimate by averaging the effect sizes
attained by two studies investigating the interaction between
stress and comparable attentional processes (Alomari et al.,
2015; Sénger et al.,, 2014). In anticipation of a more conserva-
tive effect size, a total of 76 men took part in the study. All

participants were students at the Ruhr University Bochum,
pursuing different fields of study. Only participants between
the ages of 18 and 35years were tested. We excluded those
with a body mass index (BMI) below 18 or above 30kg/m?,
those who were on medication, had chronic illnesses, used
drugs, or smoked. Furthermore, participants who experienced
exceptional stress in recent times, worked shifts leading up to
the testing session, donated blood recently, or consumed
more than 15 alcoholic drinks per week were excluded from
participation. Four participants had to be excluded, either
because their baseline cortisol levels were three times higher
than the mean, or their BMI was below 18kg/m?2. This left us
with a final sample of 72 participants. Participants’ age ranged
between 18 and 32 (M=23.64; SD=2.60) years, their BMI
ranged from 18.62 to 29.22 (M=23.58; SD=2.23) kg/m2. As
compensation for taking part in the experiment, participants
received 10€. The study was approved by the local ethics
committee of the Faculty of Psychology and conducted
according to the Declaration of Helsinki.

Stress induction

Participants assigned to the stress condition were subjected
to the SECPT, a commonly used method for inducing acute
stress in laboratory settings (Schwabe et al., 2008). The SECPT,
which combines physiological stress with socio-evaluative ele-
ments, i.e., social feedback by a reserved observer, has been
shown to increase perceived stress levels, autonomic arousal
as well as cortisol levels (Schwabe & Schachinger, 2018).
Participants were instructed to immerse their dominant hand
in ice-cold water (0-3°C) for three minutes and keep it sub-
merged until instructed to remove it. They were required to
maintain a neutral facial expression while looking directly
into a camera. Participants were explicitly instructed not to
make any movements, speak, or produce any other sounds.
Additionally, they were observed by a person standing behind
the camera that maintained a neutral and reserved facial
expression and demeanor. Participants who removed their
hand from the water too early were informed that most other
participants had lasted longer and were instructed to place
their hand just above the water, while continuing to fixate
the camera. The socio-evaluative situation therefore lasted a
total of three minutes for all participants.

Participants in the control group underwent a standard-
ized control manipulation consisting of hand immersion in
lukewarm water (35-37°C) that contained no socio-evaluative
elements. They were explicitly told that they had been
assigned to the control condition, as described by Schwabe
and Schachinger (2018).

Stress assessment

Via the use of Salivettes’ (Sarstedt, Nimbrecht, Germany) sali-
vary samples were taken from participants at baseline as well as
20 and 35min after stress induction. As a marker for HPA axis
activity they were analyzed for salivary cortisol levels at the
shared biochemical laboratory of the Departments of Cognitive
Psychology and Genetic Psychology (Ruhr University Bochum,
Bochum, Germany), after being stored at —20°C. Analyses were
carried out using a Synergy?2 plate reader (Biotek, Shoreline, WA)



and commercial enzyme-linked immunosorbent assays (ELISAs)
for free cortisol in saliva (Demeditec, Kiel, Germany), following
the manufacturer’s instructions. The intra-assay coefficients of
variation were below 5%, the inter-assay coefficients of variation
were below 11%. Due to issues of calibration of the assay
caused by incompatibility between the ELISA technique and the
Salivettes’, cortisol values turned out higher than would be
expected from comparable study designs and stress manipula-
tions. Still, the relative increases in cortisol were suitable for
assessing stress reactivity of our participants and evaluating suc-
cessfulness of our stress manipulation. To monitor autonomic
arousal, systolic and diastolic blood pressure was assessed at
baseline, during the SECPT or warm water control procedure as
well as three, 20, and 35min after either procedure. To ensure
accurate measurements, two successive measurements at each
time point were conducted, with the second measurement
starting around 30s after completion of the first. Later, the aver-
age of the two measurements was calculated. Blood pressure
increases have been shown to be a reliable marker for SAM axis
activity (Weber et al., 2022). Affect was assessed by having par-
ticipants answer four questions on their subjective experience of
the procedure immediately after its termination. On a scale from
0 (“not at all”) to 100 (“very much”) they stated how stressful,
painful, unpleasant, and difficult they had perceived the task
(Schwabe et al., 2008).

Paradigm

Our paradigm consisted of a modified version of the CLT
(Navon, 1977). Letters were presented in white color on a
black background. There were four possible letter combina-
tions: a large H consisting of small H’s (congruent), a large H
consisting of small Ls (incongruent), a large L consisting of
small Ls (congruent), and a large L consisting of small H’s
(incongruent). Letters were presented in two blocks, focusing
either on a global or local level of processing. In the global
condition participants were asked to decide for the globally
presented (large) letter as fast as possible, while in the local
condition their task was to select the locally presented (small)
letter by pressing either of two keys on a keyboard in front
of them. The order of blocks was counterbalanced across par-
ticipants to control for any potential order effects. Thus, half
of participants engaged in the global condition first while the
other half started with the local condition. Each block con-
sisted of 48 letter presentations. Because there were four pos-
sible letter combinations, each combination appeared twelve
times per block and 24 times in total. The order of letter pre-
sentations was randomized for each of the two blocks. The
paradigm was used for both Study 1 and Study 2.

Design and procedure

Participants were randomly assigned to either a stressful or
non-stressful control condition. Testing sessions took place
between 12:00 and 18:00 to control for natural cortisol fluc-
tuations (Russell & Lightman, 2019). After their arrival at the
laboratory, participants were provided with detailed informa-
tion about the study and gave written informed consent. The
first salivary sample (baseline) was taken, after which a
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baseline blood pressure measurement was carried out. Next,
participants were subjected to either the stressful SECPT or a
non-stressful warm water control condition, during which
their blood pressure was monitored for the second time. The
third blood pressure measurement was conducted three min-
utes after termination of either procedure (+3). Following the
stress induction or control procedure, participants rested for
20min. After the resting period, they provided a second sali-
vary sample, and their blood pressure was measured for the
fourth time (+20). Subsequently, participants engaged in the
CLT. Finally, they provided the last salivary sample, and their
blood pressure was measured once more (+35). Afterwards,
participants were thanked, debriefed, and financially compen-
sated for their participation (Figure 1).

Statistical analysis

Data analysis was conducted using IBM SPSS Statistics for
Windows version 21.0 (IBM Corp., Armonk, NY, 2012) and JASP
version 0.17.1.0 (JASP Team, 2023). The significance level was
set to a=0.05 and all post hoc tests were Bonferroni-corrected.
Greenhouse-Geisser corrected values were reported when the
assumption of sphericity was not met. Shapiro-Wilk’s test was
used to check for violations of normality, in which case data
were log-transformed. The between-subjects factor stress (stress
vs. control) was included in all ANOVA. Potential group differ-
ences regarding the basic sample characteristics age and BMI
were checked via two separate ANOVA. To confirm a significant
increase in the endocrine stress marker a repeated measures
ANOVA was conducted which, next to the factor stress, addi-
tionally included the repeated measures factor time (baseline,
+20, and +35). For analysis of the autonomic stress response
the factor time had five levels (baseline, during, +3, +20, and
+35). For analysis of affect a multivariate ANOVA was con-
ducted, including the between-subjects factor stress and, as
within-subjects factors, the four different categories of partici-
pants’ subjective assessment of the procedure (stressfulness,
painfulness, unpleasantness, and difficulty). To test our hypoth-
esis regarding participants’ ability to selectively attend to spe-
cific elements of a visual stimulus, average reaction times for
each letter combination category (global+congruent,
global+incongruent, local+congruent, and local+incongruent)
were calculated. Because accuracy rates on the CLT are typically
high and ceiling effects therefore likely, calculations were based
solely on reaction times for correct answers, as we considered
these a more reliable measure of selective attention. Then, a
three-way mixed ANOVA was conducted with the
between-subjects factor stress and the within-subjects factors
globality (global vs. local) and congruence (congruent vs. incon-
gruent). In case of a non-significant influence of the variable
stress, an equivalent Bayesian approach was applied to
strengthen the evidence base for the null hypothesis that stress
does not influence reaction times. Lastly, delta cortisol was cal-
culated by subtracting the baseline cortisol value from the cor-
tisol peak at +20 (Study 1; +10 for Study 2). Subsequently,
correlation coefficients between reaction times and delta corti-
sol were calculated. This calculation was done for the whole
sample as well as exclusively for the group of cortisol respond-
ers, which were classified as such according to the cortisol
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response criterium of 1.5nmol/L baseline to peak increase pro-
posed by Miller et al. (2013).

Results

Sample characteristics
Participants in the stress and control group did not signifi-
cantly differ in age or BMI (both F<3.40; both p>0.069).
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Due to non-normal distribution of data, a log-transformation
was applied. Higher cortisol concentrations occurred in stressed
compared to non-stressed participants (main effect stress: F, ,,
= 68.39, p<0.001, n,> = 0.48) with generally increasing cortisol
concentrations over time (main effect time: Fj; 5610050 = 43.82,
p<0.001, npz = 0.37). Importantly, salivary cortisol concentra-
tions increased significantly more in stressed compared to
non-stressed participants after the stressful or non-stressful
condition, respectively (interaction stress x time: Fj; 3610059 =
7729, p<0.001, n,> = 0.51). Subsequent post hoc analyses
demonstrated that stressed participants had significantly higher
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Figure 2. Mean cortisol concentrations (in nanomole per liter; A) and systolic/diastolic blood pressure levels (in millimeters of mercury; B) over the course of the
testing session. SECPT: Socially Evaluated Cold Pressor Test; SBP: Systolic blood pressure; DBP: Diastolic Blood Pressure. Error bars represent standard errors of the
mean. ***p, . < 0.001 compared to non-stressed participants. Times are relative to termination of SECPT/Warm water control. Note: due to issues regarding cali-

bration of the assay, cortisol values turned out unusually high.



cortisol levels at +20 (pg,,, < 0.001) and +35 (pg,, < 0.001)
than non-stressed participants. At baseline, there were no sig-
nificant differences between groups (p=0.084; Figure 2(A)).

Blood pressure

As blood pressure data were not normally distributed,
log-transformations were applied prior to analyses. Stressed
participants had higher blood pressure values than non-stressed
participants (main effect stress systolic: Fj,,;; = 8.72, p=0.004,
n,’ = 0.11; main effect stress diastolic: F; ;;; = 11.38, p=0.001,
n,> = 0.13). Furthermore, blood pressure increased in both
stressed as well as non-stressed participants over time (main
effect time systolic: Fi314535,5 = 94.65, p<0.001, n,> = 0.56;
main effect time diastolic: Fi34,665; = 75.74, p<0.001,
n,> = 0.51). Importantly, over time, blood pressure increased
more in participants taking part in the SECPT compared to
those being exposed to the non-stressful control version (inter-
action stress x time systolic: Fi3,g,35,5 = 48.06, p<0.001, n,*> =
0.39; interaction stress x time diastolic: Fi34,6631; = 58.78,
p<0.001, n,* = 0.44). Post-hoc analyses revealed that stressed
participants had higher systolic (pg,, < 0.001) as well as dia-
stolic (pg,,s < 0.001) blood pressure during the SECPT than
non-stressed participants during the warm water control only,
but not at the other timepoints (all p>0.087; Figure 2(B)).

Affective stress response

Stressed participants perceived the procedure to be more
stressful (main effect stress: F,,,; = 154.03, p<0.001, n,*> =
0.68), painful (main effect stress: Fj,,;, = 441.28, p<0.001,
n,’ = 0.86), unpleasant (main effect stress: F,,; = 232.87,
p<0.001, n,> = 0.76), and difficult (main effect stress: F, ;;; =
184.64, p<0.001, n,*> = 0.71) than non-stressed participants.
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Overall, we successfully induced stress in our participants, as
demonstrated by significantly increased salivary cortisol levels,
systolic and diastolic blood pressure as well as negative affect
(NA). In particular, cortisol concentrations were elevated at the
time of the CLT in the stress, but not the control group.

Reaction time

Participants made faster decisions when they were asked to
detect the locally presented letter (main effect globality: F; 5,
= 20.86, p<0.001, npz = 0.23). Moreover, faster reaction times
for congruent than incongruent letter pairs were observed, if
the task was to detect the globally presented letter (interac-
tion globality x congruence: F;, ;;; = 4.10, p=0.047, n,> = 0.05;
post hoc: p,,,r = 0.009). All other effects were not significant
(all F<2.41; all p>0.125; Figure 3). Participants’ reaction times
thus depended on whether they had to select the globally or
locally presented letter or whether letter combinations were
displayed congruently or incongruently, but not by the fac-
tor stress.

As no significant influence of stress on reaction time could
be demonstrated applying a conventional statistical approach,
we additionally conducted the Bayesian equivalent. We found
anecdotal evidence in favor of the null hypothesis (BF,,=0.35),
suggesting no effect of stress on reaction time.

Correlations

First, correlation coefficients between delta cortisol and reaction
time were calculated for the overall reaction times of each par-
ticipant, irrespective of globality and congruence, as well as for
each letter combination category (global+congruent,
global+incongruent, local+congruent, and local+incongruent)
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Figure 3. Mean reaction times (in milliseconds) per letter combination category and condition. *p <0.05.
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separately. In each case, delta cortisol was not associated with
participants’ reaction times (all p>0.191; —0.1>all R? < 0.15).

Next, correlation coefficients between delta cortisol and
reaction times were calculated for the group of cortisol
responders only (n=41; 56.94%). Neither for overall reaction
times nor for reaction times in the separate letter combina-
tion categories did delta cortisol correlate with performance
(all p>0.273; =0.17<all R? < 0.13).

Study 2

In light of the null results regarding the effects of stress on
selective attention obtained in Study 1, we decided to con-
duct a second experiment utilizing a different laboratory
stressor and testing both men and women to extend the
data base. After utilizing a primarily physiological stress
induction paradigm in Study 1, with the TSST we went for a
purely psychosocial stressor in Study 2, as we reasoned that
the nature of stress induction might influence stress effects
on selective attention. Moreover, as the TSST is considered a
more potent stressor than the SECPT (Schwabe & Schéachinger,
2018), we hoped for higher cortisol increases compared to
Study 1, which might in turn affect selective attention pro-
cesses more likely.

Materials and methods

Participants

When calculating the target sample size, we applied the
same approach as described for Study 1. We recruited a
total of 77 healthy individuals (39 men and 38 women) from
Ruhr University Bochum using various recruitment methods,
such as posters, handouts, social media, and online adver-
tisements. Before coming to the laboratory, participants
underwent a screening process via email or telephone.
Inclusion and exclusion criteria were the same as in Study 1.
As sex hormones can affect stress reactivity (Kirschbaum
et al., 1999; Kudielka et al., 2009) and its effect on memory
(Jentsch et al,, 2022; Merz & Wolf, 2017), we included only
women who were not using hormonal contraceptives and
tested them preferably during the luteal phase, as indicated
by the screening procedure. Out of the 35 women, three
were in the follicular phase (8.57%), the remaining 32
(91.43%) in the luteal phase. We statistically confirmed that
there were no significant differences in cycle phase distribu-
tion between the groups (see results section for details). We
had to exclude five participants because their baseline cor-
tisol levels were three times higher than the mean, leaving
us with a final sample of 72 participants (37 men and 35
women). Participants’ age ranged between 18 and 33
(M=23.87; SD=3.67) years. BMI ranged from 18.69 to 30.03
(M=23.13; SD=2.80) kg/m?2. Participants were compensated
with either 30€ or three study credits. The study was
approved by the local ethics committee of the Faculty of
Psychology and conducted according to the Declaration of
Helsinki. Data of this study have been collected in the con-
text of a separate, already published experiment (Rlttgens
& Wolf, 2023).

Stress induction

Because data of this study were collected in context of a sec-
ond, independent investigation, instead of the regular version
of the TSST (Kirschbaum et al., 1993), a modified version was
utilized as a means of stress induction (Rittgens & Wolf,
2023). After a 5-min-long preparation phase, participants
were asked to talk for eight minutes about their personal
strengths and characteristics in front of a reserved committee
consisting of a man and a woman. There was no mental
arithmetic part in this version of the TSST. Participants were
told that they were being videotaped and that their voice
was being recorded via a microphone. During the whole
interview, they could observe themselves on a large TV screen
located next to the committee members. Committee mem-
bers did not provide any social feedback, which made the
situation uncontrollable and unpredictable for the partici-
pants, factors which have been shown to reliably activate the
HPA axis (Dickerson & Kemeny, 2004).

Participants in the control condition took part in the
friendly-TSST (f-TSST; Wiemers et al,, 2013). Instead of discuss-
ing personal strengths and applying for a job, participants
were asked to talk about their CV, hobbies, and interests.
Committee members in this version were supportive, positive
as well as approachable and no video or voice recording was
taking place. The rationale behind these changes was to
reduce the elements of uncontrollability, unpredictability, and
social evaluation that can influence HPA axis activity and lead
to higher cortisol levels (Dickerson & Kemeny, 2004).

Stress assessment

Saliva samples were taken from participants at baseline,
one minute prior to the start of the TSST, as well as one,
10, and 25min after termination of the stressor to assess
salivary cortisol increase as a marker of HPA axis activity,
using Salivettes” (Sarstedt, Nimbrecht, Germany). Samples
were stored at —20°C and analyzed using a time-resolved
fluorescence immunoassay from IBL, Hamburg, Germany. All
intra- and inter-assay coefficients of variation were below
10.16%. Moreover, as a biomarker of sympathetic response,
sAA levels were measured from saliva using a colorimetric
test with the substrate reagent CNP-G3. The coefficients of
variation for both intra- and inter-assays were below 8%.
The German version of the Positive and Negative Affect
Schedule (PANAS; Krohne et al., 1996) was used to assess
participants’ current affect, with a total of 20 items on a
five-point scale that could be divided into positive affect
(PA) and NA values.

Design and procedure

Participants were divided into two groups (stressed and
non-stressed participants) using a random assignment pro-
cess. To control for natural cortisol fluctuations, participants
were tested between 12:00 and 18:00 (Russell & Lightman,
2019). Upon arriving at the laboratory, participants did not
know which group they had been assigned to. They provided
informed consent and were informed about the possibility of
having to hold a free speech in front of a committee while
being videotaped. They also completed a demographic
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questionnaire and the State-Trait Anxiety Inventory - Trait
Version (STAI-T; Laux et al, 1981) to assess their tendency to
feelings of anxiety. They then completed the PANAS to rate
their current mood and provided their first saliva sample
(baseline). Shortly before the start of either the stressful or
non-stressful procedure, participants were informed of their
group assignment. Participants in the stress group completed
the Primary Appraisal Secondary Appraisal questionnaire
(PASA; Gaab, 2009) to assess anticipatory stress. Then, they
underwent the stressful or non-stressful interview situation.
Immediately after the interview, participants provided their
second saliva sample (+1), and completed a second PANAS
questionnaire. Ten minutes later, they provided a third saliva
sample (+10), after which they engaged in the CLT. Finally,
they provided the fourth and last saliva sample (+25), were
thanked, debriefed, and paid (Figure 4).

Statistical analysis

Data analysis was almost identical to that of Study 1. In the
following, we will thus exclusively list the differences between
the two studies.

Because both men and women took part in Study 2, the
additional between-subjects factor sex (men vs. women)
was included in all ANOVA. For the repeated measures
ANOVA regarding the endocrine stress manipulation the
within-subjects factor time had five (baseline, -1, +1, +10,
and +25), for analysis of affect two (before vs. after) levels.
Symptoms of anxiety were added as an additional
sample characteristic and, like age and BMI, analyzed via
an ANOVA.

Results

Sample characteristics
Stressed and non-stressed participants did not significantly
differ in age, BMI, or symptoms of anxiety as measured with

the STAI-T (all F<2.23; all p>0.14). Furthermore, there was no
significant difference in the distribution of cycle phases in
women between groups (x? ;;; = 0.37, p=0.543).

Salivary cortisol

As cortisol data were non-normally distributed, a
log-transformation was applied. We observed higher cortisol
reactions in stressed compared to non-stressed participants
(main effect stress: Fg115979 = 19.15, p<0.001, n,> = 0.22).
Specifically, salivary cortisol levels increased significantly more
in stressed than non-stressed participants over the course of
the testing session (interaction stress x time: Fj g 1572 =
18.24, p<0.001, n,> = 0.21). Stressed participants’ cortisol lev-
els were significantly higher at + 1 (pg,,s = 0.004), + 10 (pg,
< 0.001), and + 25 (pg,,s < 0.001) than those of non-stressed
participants, as indicated by subsequently conducted post
hoc analyses. All other effects were not significant (all F<1.63;
all p>0.203). Cortisol levels did not significantly differ between
groups at baseline (p=0.142; Figure 5(A)).

SAA

As sAA data were not normally distributed, analyses were
conducted with log-transformed data. There was an increase
in sAA levels in both stressed as well as non-stressed partici-
pants (main effect time: F, ;14555 = 50.13, p<0.001, n,* =
0.42). Concretely, participants’ sAA levels significantly increased
from baseline to + 1 (pg,,s < 0.001), and significantly decreased
from + 1 to + 10 (pg,,r < 0.001). All other effects remained
non-significant (all F<2.05; all p>0.108). Stressed and
non-stressed participants did not differ in sAA levels at any
point of measurement (all p>0.092; Figure 5(B)).

Affective stress response

Compared to women in the stress group (M=3.02; SD=0.74)
non-stressed women (M=3.53; SD=0.78) experienced signifi-
cantly higher PA after the f-TSST (main effect time: Fj;,; =
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6.48, p<0.001, npz = 0.19; interaction time x stress: f;,; =
425, p=0.043, n,> = 0.06; interaction time X stressxsex: F; ;;;
= 4.03, p=0.049, npz = 0.06; post hoc: pg,,, = 0.04). For men,
no significant differences were found (all p>0.691). All other
effects were not significant (all F<0.03; all p>0.863).

Stressed participants (M=1.57; SD=0.61) experienced sig-
nificantly higher NA after the TSST than non-stressed partici-
pants (M=1.19; SD=0.23; main effect time: F;,;, = 548,
p=0.022, npz = 0.08; interaction timeXstress: Fj;;, = 26.09,
p<0.001, n,*> = 0.27; post hoc: pg,, = 0.001). All other effects
were non-significant (all F<0.21; all p>0.646).

Reaction time

Participants reacted faster to incongruent than to congruent let-
ter pairs, if the task was to detect the locally presented letter
(interaction globalityxcongruence: F;,,;, = 4.10, p=0.047, n,? =

0.05). When conducting post hoc tests and correcting for multi-
ple comparisons, we were not able to locate the specific effect
(@ll pgo.s > 0.08). No other effect was significant (all F<0.88; all
p>0.352; Figure 6). Reaction time therefore was, like in Study 1,
not influenced by the factor stress. Although it seemed to mat-
ter whether participants had to select the globally or locally
displayed letter or whether letter combinations were presented
congruently or incongruently, no conclusions regarding the spe-
cifics of these effects can be drawn. To make results more com-
parable to Study 1, which tested men only, we repeated the
analysis including exclusively data of men (n=36). This approach
did not lead to any significant effects (all F<3.56; all p>0.068).

Bayesian analyses for the complete sample (BF,,<0.38) as
well as a sample consisting of men only (BF,,=0.40) demon-
strated anecdotal evidence in favor of the null hypothesis
and thus no indication of an influence of stress on reaction
times in both cases.



Correlations

Following the procedure of Study 1, correlation coefficients
between delta cortisol and reaction time were calculated for
the overall reaction times of each participant as well as for
each letter combination category separately. Delta cortisol
was not related to participants’ reaction times (all p>0.435;
—0.04>all R? < 0.09).

Finally, we included only the group of cortisol responders
in our analyses (n=37; 51.39%). Again, there was no associa-
tion between delta cortisol and participants’ overall reaction
times nor their reaction times in the separate letter combina-
tion categories (all p>0.122; —-0.12<all R? < 0.26).

Combined results

Although Study 1 and 2 were conducted independent from
each other and absolute cortisol values are not comparable,
we nonetheless decided to combine the two datasets and
repeat the respective analyses regarding reaction times and
the correlations between reaction times and delta cortisol.
With this approach we expected to gain additional insight
into the relationship between stress and selective attention
with a larger sample size and a resulting increase in statistical
power. The sample size for the following analyses thus con-
sisted of a total of 144 participants.

Reaction time

Participants were faster when selecting the locally presented
letter (main effect globality: Fj; .5 = 15.74, p<0.001, n,> =
0.1). Furthermore, participants reacted faster to congruent
than to incongruent letter pairs in the global, but not the
local condition (interaction globality X congruence: F . =
9.32, p=0.003, npz = 0.06; post hoc: p,,,, = 0.004). Participants’
reaction times were thus affected by the factors globality and
congruence, rather than participants’ stress levels. All other
effects were not significant (all F<1.32; all p>0.253). We
repeated analyses of the combined data sets including only
data of men (n=108). Again, participants selected the local
letter faster than the global letter (main effect globality: F;; ;47
= 17.58, p<0.001, npz = 0.14). In the global condition, faster
reaction times for congruent than incongruent letter pairs
were obtained (interaction globality X congruence: Fj;,o; =
9.06, p=0.003, npz = 0.08; post hoc: p,,,, = 0.002). All other
effects were not significant (all F<0.81; all p>0.371).

We once more conducted Bayesian analyses for the com-
plete sample (BF,,<0.32) as well as a sample consisting of
exclusively men (BF,,=0.31) and found anecdotal evidence in
favor of the null hypothesis in both cases, suggesting no
influence of stress on participants’ reaction times.

Exploratively, we added study allocation (Study 1 wvs.
Study 2) as a separate predictor to investigate potential
interactions with the variable stress. Again, participants’
reaction times were faster when asked to select the locally
presented letter (main effect globality: Fj,,; = 16.72,
p<0.001, n,> = 0.1). Also, participants made faster decisions
for local than global letters in Study 1, but not Study 2
(interaction studyx globality: F;, 1,5 = 10.21, p=0.002, n,* =
0.07; post hoc: pg,,, < 0.001). Furthermore, participants had
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lower reaction times for congruent compared to incongru-
ent letter combinations in the global condition (interaction
globality x congruence: F;,,3 = 9.17, p=0.003, n,”> = 0.06;
post hoc: pg,.c = 0.005). All other effects were non-significant
(@all F<2.37; all p>0.13). There was thus no interaction
between study allocation and stress.

Correlations

When calculating correlation coefficients between delta corti-
sol and reaction times (overall and per letter combination
category), again, no significant correlation could be demon-
strated (all p>0.356; all R? < 0.08).

Lastly, we once more looked at cortisol responders only.
Of the 144 participants 79 (54.86%) could be classified as
responders. Neither overall reaction times nor reaction times
for the separate letter combination categories were associ-
ated with delta cortisol (all p>0.36; —0.04 <all R? < 0.1).

General discussion

We aimed at investigating how increased levels of the stress
hormone cortisol influence the selective perception of visual
stimuli with a narrow or holistic focus. In two separate studies
that utilized different laboratory stressors, stress levels did not
change CLT performance, no matter which analysis strategy
we pursued. We attempt to explain these findings by shed-
ding light on the mechanisms at play and provide recom-
mendations for future research.

Stress effects on global-local perception

In accordance with our hypothesis, neither in Study 1 or Study
2, nor in the combined data sets of both studies stress levels
influenced participants’ ability to focus on the small or large
letter displayed on the screen. The nature of these results
might be rooted in the timing of stress induction relative to
participants’ engagement in the CLT. In Study 1, the task took
place 25min after stressor offset (28 min post onset). In Study
2, participants were exposed to the CLT 15min after stressor
offset (23min post onset). While SAM axis activity and the
resulting release of catecholamines peaked shortly after begin-
ning of either SECPT or TSST, the CLT in both studies took
place in close temporal proximity to the respective cortisol
peak (de Kloet et al., 2005). Catecholamine activity has been
shown to play a decisive role in attention modulation by mod-
ulating PFC activation (Brennan & Arnsten, 2008). The PFC is
highly sensitive to its neurochemical environment, specifically
to heightened levels of the catecholamines DA and NA.
Research conducted on animals using electrophysiological
methods indicates that NA enhances neural signaling by acti-
vating postsynaptic a2A-adrenoceptors in the PFC. Conversely,
DA reduces background neural activity by mildly stimulating
D1-receptors, thereby effectively reducing noise (Arnsten, 2011).

Differential effects of catecholamines and glucocorticoids

While catecholamine activity is generally thought to improve
focus and narrow attention, the role of glucocorticoids, like
cortisol, is more ambivalent and depends, inter alia, on the



10 (&) T.RUTTGENSETAL.

timing of stress induction. By acting on mineralocorticoid
receptors, cortisol induces fast-acting non-genomic effects,
thereby facilitating the effects of catecholamines like DA and
NA. Slower genomic cortisol effects acting on glucocorticoid
receptors, on the other hand, have been shown to downreg-
ulate catecholaminergic activity (Schwabe et al, 2022). In
both studies, participants engaged in the CLT when solely the
non-genomic effects of cortisol unfolded, as its genomic
effects only take effect approximately 1h post-stressor onset
(Schwabe et al., 2022). While this, in theory, should have facil-
itated catecholamine-induced attention narrowing and a shift
in participants’ tendency to focus on the small letters, cortisol
levels did not modulate reaction times in neither of the two
studies. We suspect that for non-genomic cortisol mecha-
nisms to influence catecholaminergic effects on cognitive
processes, catecholamine levels must be increased in the first
place. Because in both Study 1 and Study 2 markers for SAM
axis activity and thus, indirectly, for the release of DA and NA
(Thoma et al., 2012), had already returned to baseline levels
when the CLT took place, this prerequisite was not met.
Notably, in Study 2 stressed and non-stressed participants
exhibited similar elevations in sAA levels, suggesting activa-
tion of the vegetative nervous system in both groups.
Previous research has demonstrated that catecholamine
release can be triggered by moderate physical activities, such
as standing upright and engaging in conversation (Het et al.,
2009; Nater & Rohleder, 2009). In this study, elevated HPA axis
activity, however, was only demonstrated in stressed partici-
pants. Future studies should implement designs in which par-
ticipants engage in a version of the CLT during or immediately
after stress induction, when catecholamine levels, specifically
DA and NA, are still heightened to prove our reasoning.

Globality and congruence

In Study 1, the factors globality and congruence did affect
participants’ ability to selectively focus either on the small or
large letter during the CLT. Research indicates a general pre-
cedence for global over local stimuli, which is referred to as
the global precedence effect (GPE; Lachmann et al., 2014). The
GPE consists of two parts, a global advantage effect, suggest-
ing faster global vs. local response times, and an interference
effect, referring to an interference of global distractors when
identifying local targets (Poirel et al., 2008). Composite figures
composed of both letters and non-letters can be analyzed
either with a broad or narrow focus (Piepers & Robbins, 2012).
Holistic processing is thought to be slower and more effortful
for non-letter figures, whereas for stimuli composed of letters
is assumed to be less cognitively demanding than narrow
processing (Lachmann & van Leeuwen, 2008a, 2008b).
Following this logic, for our version of the CLT we would have
expected improved reaction times in the global condition.
Contrary to this expectation, participants in Study 1 made
faster decisions in the local condition. While global advantage
is thought to be evidence of holistic processing, research has
shown that non-letter composite figures might be processed
with a tendency toward an analytical processing style, lead-
ing to the absence of the GPE and improved reaction times
when focusing on the small letter (Lachmann et al, 2014;

Schmitt et al., 2017). For this effect to occur, presentation of
the composite figures must closely resemble reading-like con-
ditions, including focusing on a central (foveal) point for local
stimuli, where the small letters are roughly sized for comfort-
able reading of single letters. Additionally, the size of the
large letter must be kept within a range comparable to the
effective visual area used for reading whole words (Schmitt
et al., 2017). As these prerequisites were met in the version of
the CLT we utilized, they offer a plausible explanation for the
absence of the GPE in both studies as well as the advantage
for local stimuli in Study 1. Beyond that, certain stimulus
characteristics have been shown to cause absence of the GPE.
For instance, by increasing the size and reducing the number
of local stimuli in a composite figure, a shift from global to
local processing has been observed (Kimchi & Palmer, 1982).
Moreover, individual differences in processing tendency exist,
with some people having a natural bias toward local visual
elements (Dale & Arnell, 2010). Because in our version of the
CLT local letters were relatively small and numerous, and
because sample sizes of both studies were large enough to
make up for individual differences, we suspect that the
resemblance of reading-like conditions is the most plausible
explanation for absence of the GPE in our data. By using
non-letter composite figures, for instance figures consisting of
symbols, potential letter-specific effects as well as their inter-
action with factors like globality and congruence could be
further clarified by future studies.

Limitations

While offering novel insights into the relationship between
stress level and selective attention, this study has several lim-
itations. First, due to the significant differences in absolute
cortisol output and increase between the two studies, com-
parability is limited. Nevertheless, we were able to demon-
strate that stress manipulations on the endocrine level were
successful in both studies. While in Study 1 cortisol increased
by a factor of 2.85 from baseline to peak, for Study 2 we cal-
culated a relative increase by a factor of 2.35. Thus, although
relative cortisol increases, independent of absolute values,
were not equal between the two studies, they were at least
comparable. In addition, because stress levels did not modu-
late participants’ reaction times in neither of the two studies
in the first place, potential consequences of this limitation
might be negligible. Importantly, because in Study 1 cortisol
levels were assessed only three times over the course of the
testing session, calculation of the baseline to peak increase
and subsequent analyses might have been limited in informa-
tive value. Choosing the TSST as a stressor for Study 2 was in
part rationalized by the assumption that it might induce
stronger stress reactions compared to the SECPT (Schwabe &
Schéachinger, 2018; for a comparison of Cold Pressor Test with
the TSST: Skoluda et al, 2015). Due to the above-discussed
issues regarding the comparability of absolute cortisol
increases between the two studies, we were not able to
determine whether stress reactions were indeed stronger in
Study 2. Second, while we tested both men and women in
Study 2, only men participated in Study 1. Because sex has
been shown to affect stress reactivity (Kirschbaum et al,



1999; Kudielka et al., 2009) as well as performance on tasks
involving attention (Merritt et al., 2007), differences in the dis-
tribution of men and women between the two studies might
impact generalizability of our results. Sex, however, influenced
neither stress reactivity nor CLT performance in Study 2.
Moreover, results did not change when we included exclu-
sively men in the analyses of Study 2 as well as the com-
bined data sets of Study 1 and 2. We speculate that sex did
not modulate stress reactivity in Study 2 because women
were tested primarily during the luteal phase of their men-
strual cycle. During this phase, stress reactivity of men and
women is assumed to be comparable (Kudielka et al., 2009).
Literature on sex effects on attention, on the other hand, is
inconclusive, particularly when the CLT is used to study selec-
tive attention. While Lee et al. (2012) demonstrated overall
faster reaction times in men than women, Kimchi et al. (2009)
found no overall sex differences. The fact that global-local
perception was modulated by the factor globality in Study 1
only might thus be based on potential differences between
men and women in how they perceive and process compos-
ite figures. While sex did not significantly influence attention
in Study 2, sex differences in processes related to selective
attention might still have shifted the overall pattern of results.
Clearly, more research regarding sex effects on selective
attention is needed. Third, as in both studies participants
engaged in the CLT when SAM axis activity had already
returned to baseline, we are not able to make assumptions
about the effects of catecholaminergic activity on selective
attention. Lastly, although the CLT and its diverse variants
have been used in scientific studies for decades, to this day
there is no consensus regarding the specific mental processes
that are required to engage in this task (Navon, 2003). This is
further illustrated by Dale and Arnell (2013), who examined
test-retest reliability of individual performances on a task uti-
lizing classical composite letters. While reliability for compos-
ite figures consisting of hierarchical shapes and faces was
high, performance regarding composite letters was shown to
be less reliable. Furthermore, they found measures of global-
local perception tendencies for letters, hierarchical shapes,
and faces not to be related to one another. This speaks for
the fact that different categories of visual stimuli tap into dif-
ferent aspects of global-local processing, and selective atten-
tion in general. Thus, although global-local interference
effects have been shown to be generally more pronounced
for compound letters than for compound shapes (Gerlach &
Krumborg, 2014), results of the current investigation might
still be limited by reliability of the CLT. Besides, the cognitive
process involved is still in dispute.

Conclusion

This article reported data of two separate experiments
investigating the influence of stress on global-local percep-
tion. Increased cortisol levels did not affect participants’
ability to deliberately attend to either the local or global
elements of a visual stimulus. In one of the two studies, par-
ticipants made faster decisions when having to select the
small letter, speaking against global precedence. Because
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the skill of reading seems to be unique when investigating
selective visual processing, the GPE might not be universally
applicable to all variants of composite figures. As the cogni-
tive process underlying global-local perception remains
unclear, and reliability of the CLT might be limited, results
should be interpreted with caution. By changing the timing
of stress induction and utilizing different variants of letter
and non-letter composite figures, future studies could shed
further light on the underlying mechanism of attention
management.
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