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Abstract

Since personal choice fosters commitment and shields action execution against
potentially conflicting influences, two laboratory experiments with university
students (N=228) tested whether engaging in action by personal choice versus
external assignment of task characteristics moderates the effect of irrelevant
acoustic noise on cardiovascular responses reflecting effort. Participants who
could personally choose the stimulus color of moderately difficult cognitive tasks
were expected to be shielded against the irrelevant noise. By contrast, when the
stimulus color was externally assigned, we predicted receptivity for the irrelevant
noise to be high. As expected, in both experiments, participants in the assigned
color condition showed stronger cardiac pre-ejection period reactivity during task
performance when exposed to noise than when working in silence. On the con-
trary, participants who could choose the stimulus color were shielded against the
noise effect on effort. These findings conceptually replicate and extend research
on the action shielding effect by personal choice and hold practical implications
for occupational health.
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1 | INTRODUCTION

Extraneous noise is a primary example of an environ-
mental stressor (Szalma & Hancock, 2011)—one of
the main sources of annoyance at work (Becker, 1981;
Sundstrom, 1986)—and has been linked to various harm-
ful effects on well-being and health. Industrial work set-
tings with high-intensity acoustic noise can have severe
auditory health effects up to hearing loss (Kryer, 1970;
Miller, 1974). Further noise effects comprise disturbance
and physiological, motivational, and impaired perfor-
mance (Evans & Johnson, 2000). A large body of research
has investigated the relationship between noise and cogni-
tive performance, indicating thatirrelevant noise can break
through selective attention and impair important cognitive

action shielding, cardiovascular response, choice, effort, noise, pre-ejection period

functions (Banbury et al., 2001; Szalma & Hancock, 2011).
However, the magnitude of these noise effects varies as a
function of noise characteristics, the tasks to perform, and
the performance measures used to assess it (see Banbury
et al., 2001; Cohen & Weinstein, 1981; Smith, 1989 for
overviews; Szalma & Hancock, 2011, for a meta-analytic
synthesis). Overall, it is difficult to confidently predict the
effects of noise on performance in specific situations, and
the underpinning mechanisms are subject to diverging
theoretical accounts (Cohen & Weinstein, 1981; Szalma &
Hancock, 2011).

Considerably less work examined the role of effort—that
is, resource mobilization for action execution (Gendolla &
Wright, 2009)—although theorizing and research suggest
that individuals’ adaptation to noise through compensatory
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effort may successfully counteract noise's deteriorating ef-
fects on performance: It has been theoretically argued and
experimentally supported that individuals can cope with the
distracting properties of noise during cognitive performance,
but only when they mobilize additional compensational
resources through psychophysiological activation (Evans
& Johnson, 2000; Frankenhaeuser & Johansson, 1976;
Hockey, 1997; Lundberg & Frankenhaeuser, 1978; Tafalla &
Evans, 1997). The finding that individuals generally invest
more effort into cognitive performance under noise exposure
is supported by self-report measures and psychophysiologi-
cal effort markers (Evans & Johnson, 2000; Frankenhaeuser
& Johansson, 1976; Lundberg & Frankenhaeuser, 1978;
Tafalla & Evans, 1997). Variance in compensatory effort
may potentially account for discrepancies and varying ef-
fect sizes in the noise-performance literature, but espe-
cially effort-related responses in the cardiovascular system
are of high relevance for occupational health. Individuals
may pay psychophysiological costs for compensatory ef-
fort since cardiovascular reactivity has been identified as
a key variable in the development of essential hyperten-
sion and cardiovascular disease (Baumann et al., 1973;
Blascovich & Katkin, 1993; Krantz & Manuck, 1984; Light
et al., 1992; Menkes et al., 1989; Steptoe & Ross, 1981;
Treiber et al., 2003).

Hence, to prevent adverse health effects due to sus-
tained cardiovascular activity, it is crucial to identify
conditions in which individuals can continuously work
productively while maintaining moderate cardiovascular
activity. Based on the aforementioned studies, creating
such conditions seems to be especially important in work
settings where people are frequently exposed to irrelevant
acoustic noise that cannot be prevented.

1.1 | The role of action shielding
Increasing the extent to which people can make personal
choices—and thus have personal control over their work—
has repeatedly been identified as an important factor for
improving various work- and health-related outcomes (e.g.,
mental health, sickness absence rates, and self-rated per-
formance; Bond & Bunce, 2001). Effects of personal choice
have also been reported in the context of research and
theorizing on volition: Intention formation has been as-
sociated with increased commitment (Bouzidi et al., 2022;
Nenkov & Gollwitzer, 2012; Oettingen et al., 2001; Ryan
& Deci, 2006), a heightened task focus (Kuhl, 1986), and a
phenomenon called goal shielding (Gollwitzer, 1990).
Based on an action-shielding model (Gendolla
et al., 2021), a recent series of studies on the effects of
personal choice demonstrated that choice-based action
shielding against unintended external affective influences

applies to two important aspects of volition—effort in-
tensity and task persistence (Bouzidi & Gendolla, 2023a,
Study 2; Falk et al, 2022a, 2022b; Framorando
et al., 2023a, 2023b, in press; Gendolla et al., 2021). These
findings suggest that personal choice indeed leads to an
action-shielding process that protects action execution
from distracting and potentially conflicting influences
from the environment. Consequently, the way people
engage in a task—by personal choice versus external as-
signment—should moderate the impact of irrelevant
noise effects in volition. Pointing in a similar direction,
individuals who could choose the intensity of noise in a
laboratory experiment experienced lower subjective and
physiological arousal compared to others who could not
choose (Lundberg & Frankenhaeuser, 1978). Research
and theorizing on the action shielding effect has yet to
be integrated with research on irrelevant noise effects on
effort and its physiological signature. To address this, the
present studies tested the dynamic relationship between
personal choice, irrelevant noise, and mental effort quan-
tified as responses in the cardiovascular system during
task performance.

1.2 | Motivational intensity theory:
A theoretical framework for
effort intensity

The integration of research on irrelevant noise effects with
the general psychological principles of resource mobiliza-
tion allows for specific and context-dependent predictions
about noise effects on responses in the cardiovascular
system reflecting effort. According to the motivational
intensity theory (Brehm & Self, 1989), individuals avoid
investing more resources than necessary. In the context
of tasks with fixed and clear difficulty, effort thus rises
proportionally with experienced task demand as long as
success is possible, and the required effort is justified.
Following this principle, effort is low when a task is sub-
jectively easy, moderate when the task feels moderately
difficult, and high when the task is experienced as diffi-
cult but feasible. Only when task demand exceeds the per-
son's ability, or if the necessary effort is not justified by the
importance of success, individuals should disengage and
withdraw effort to avoid wasting their resources.

Over the last decades, these predictions have found
ample empirical support through cardiovascular mea-
sures of effort (see Gendolla, Wright, et al., 2012; Gendolla
etal., 2019; Richter et al., 2016; Wright & Kirby, 2001, for re-
views). Several variables have been identified that take effect
on effort by influencing subjective task difficulty, such as
conscious and implicit affect (Gendolla & Brinkmann, 2005;
Gendolla, 2012; Gendolla, Brinkmann, et al., 2012;
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Gendolla & Richter, 2005, for overviews), or ability and
fatigue (Wright, 1998; Wright & Barreto, 2012; Wright &
Kirby, 2001; Wright & Stewart, 2012, for overviews). Based
on previous research on irrelevant noise effects on resource
mobilization (e.g., Evans & Johnson, 2000; Frankenhaeuser
& Johansson, 1976; Lundberg & Frankenhaeuser, 1978;
Tafalla & Evans, 1997), we expect noise to take effect on ef-
fort through a similar mechanism: When working on a cog-
nitive task and simultaneously being exposed to irrelevant
noise, the noise should increase the perceived task demand
during task performance and thereby effort—as long as the
necessary effort is possible and justified.

1.3 | Effort and cardiovascular response
Based on Wright's (1996) integration of motivational
intensity theory (Brehm & Self, 1989) with the psycho-
physiological active coping approach (Obrist, 1981), effort
intensity can be operationalized by indicators of beta-
adrenergic sympathetic impact on the heart. The sympa-
thetic innervation of the heart affects two main parameters
of cardiac performance: The contraction pace and the con-
tractile force of the heart muscle (Levick, 2010). Because
the heart's pace depends on both the independent impacts
of sympathetic and parasympathetic activity, heart rate
(HR) is no highly reliable effort indicator. By contrast,
the heart's contractile force directly depends on beta-
adrenergic sympathetic nervous system impact (Richter
et al., 2016). Cardiac pre-ejection-period (PEP)—the time
interval between ventricular depolarization onset and the
opening of the aortic valve—is a direct indicator of myo-
cardial contractile force (Berntson et al., 2004) and thus an
ideal effort index (Kelsey, 2012). Stronger beta-adrenergic
sympathetic impact results in shorter PEP.

Because of its link with cardiac contractile force,
many earlier studies have also operationalized effort as
performance-related changes in systolic blood pressure
(SBP; the maximal vascular pressure between two con-
secutive heartbeats, see Gendolla, Wright, et al., 2012;
Richter et al., 2016; Wright & Kirby, 2001, for reviews).
SBP, and to a stronger degree diastolic blood pressure
(DBP, the minimal vascular pressure between two con-
secutive heartbeats), are also influenced by peripheral
resistance in the vasculature, which is not systematically
influenced by beta-adrenergic impact. However, although
PEP is the purest indicator of beta-adrenergic sympathetic
impact and thus the most reliable and valid cardiovascu-
lar measure of effort (Kelsey, 2012; Richter et al., 2008;
Wright, 1996), it should always be assessed together with
HR and blood pressure to monitor possible effects of car-
diac preload (ventricular filling) and vascular afterload
(arterial pressure) on PEP (Sherwood et al., 1990).

IPSYGHOPHYSIULOGY -

1.4 | The present studies

Building on the action shielding model (Gendolla
etal., 2021) and on the research supporting it for the effects
of music on effort-related cardiovascular responses (Falk
et al., 2022a, 2022b), we presumed that providing personal
choice should increase commitment and task focus, and
shield action execution against extraneous influences, in-
cluding task-irrelevant acoustic noise. However, when a
task and its characteristics are externally assigned, com-
mitment and task focus should be weaker, and receptivity
for extraneous influences should be higher: Here, during
task performance irrelevant noise should increase subjec-
tive task demand and thus effort.

We ran two laboratory experiments to test our hypoth-
esis. In both studies, half the participants could person-
ally choose one of four colors in which the stimuli of a
moderately difficult memory task would be presented.
The other half of the participants performed the task with
an assigned stimulus color, corresponding to that chosen
by their yoked participant in the chosen color condition.
During task performance half of the participants in each
group were continuously exposed to an irrelevant and un-
pleasant external noise—the sound of a drill. The other
half worked in silence. For our moderately difficult tasks,
we predicted relatively strong effort-related cardiovas-
cular response—especially PEP—in the assigned color/
noise condition, and moderate reactivity in the other three
conditions (assigned color/silence, chosen color/noise,
chosen color/silence).

We also assessed task performance in terms of response
speed and accuracy. However, given that the relation-
ship between effort (behavioral input) and performance
(behavioral output) is more complex than simply linear
(Locke & Latham, 1990), we did not formulate a priori hy-
potheses for task performance effects.

2 | EXPERIMENT 1: SHORT-TERM
MEMORY TASK—NUMBERS

For our first study, we tested the combined effect of noise
and choice on effort in the context of a moderately dif-
ficult short-term memory task: Participants had to decide,
for each trial, whether two successively presented number
series were identical or not. We predicted a 3:1 pattern of
cardiovascular reactivity (especially PEP), with stronger
responses in the assigned color/noise condition than in
the other three conditions because noise should increase
subjective task demand during performance, but only in
the condition where participants were assigned to the task
characteristics. Participants in the chosen color condi-
tion should be shielded against the noise effect on effort,
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leading to relatively weak cardiovascular responses in both
the noise and silence conditions. This is because without
the background noise or when being shielded against
noise, the moderately difficult cognitive task should only
necessitate moderate effort, according to the principles of
motivational intensity theory (Brehm & Self, 1989), and
as demonstrated in previous action shielding studies with
music stimulations in moderately difficult tasks (Falk
et al., 2022a; Gendolla et al., 2021, Study 2).

2.1 | Methods

2.1.1 | Participants and design

Previous studies administering external acoustic music
stimulation and a comparable choice manipulation found
significant medium-sized effects on PEP reactivity measures
with samples of 20-31 participants per condition (Falk
et al., 2022a, 2022b; Gendolla et al., 2021). To have a compa-
rable sample size, we aimed at collecting data from 30 par-
ticipants per condition. Thus, 121 university students were
randomly assigned to our 2 (Choice)x2 (Noise) between-
persons experimental design. Due to electrode detachments
and other technical issues, the data sets of nine participants
could not be analyzed. There were two outliers for PEP reac-
tivity (>3 SDs than the condition Ms) who were excluded
from the analysis of this measure. Thus, the final sample
consisted of N=112 (N=110 for PEP) participants (83
women, 29 men; average age 21years) with the following
numbers of participants in the four conditions: chosen
color/silence (29 participants), chosen color/noise (26 par-
ticipants), assigned color/silence (28 participants), assigned
color/noise (29 participants). The gender distributions were
balanced between the conditions.! According to a sensitivity
analysis run with G*power (Faul et al., 2007), our sample
size was sufficient to detect significant a priori contrast ef-
fects as well as ANOVA main and interaction effects of a
medium size with 80% power in our 2 X 2 factorial design.

2.1.2 | Physiological measures

We used a Cardioscreen 1000 system (medis, Imenau,
Germany) to noninvasively record (sampling rate 1000 Hz)
electrocardiogram and thoracic impedance (impedance
cardiography) signals, from which we derived cardiac

'Chosen color/silence (19 women/7 men), chosen color/noise (19
women/7 men), assigned color/silence (21 women/7 men), and
assigned color/noise (21 women/8 men). Not surprisingly, a chi-square
test of these frequency distributions was nowhere near significance
(p=.99).

PEP and HR. Two pairs of single-use electrodes (Ag/AgCI;
medis) were attached: One dual sensor to the left side of
the base of the participants’ neck, and two single sensors
on the participants’ chest (left middle axillary line at the
height of the xiphoid). We used BlueBox 2.V1.22 software
(Richter, 2010) for data processing. R-peaks were auto-
matically identified using a threshold peak detection algo-
rithm and visually confirmed, allowing to determine HR
(in beats/min). The first derivative of the change in tho-
racic impedance was calculated, and the resulting dZ/dt
signal (low-pass filtered at 50 Hz) was ensemble averaged
over 1-min periods, based on the detected R-peaks. B-point
location was estimated based on the RZ interval of valid
heart beat cycles (Lozano et al., 2007), visually checked,
and manually corrected (Sherwood et al., 1990), to deter-
mine PEP (in ms; interval between R-onset and B-point;
Berntson et al., 2004). The signal inspection and eventual
B-point correction took place on the raw data basis before
the statistical analyses, blind of the experimental condi-
tions, and without knowledge of condition Ms.

SBP and DBP (both in mmHg) were oscillometrically as-
sessed in 1-min intervals with a Dinamap ProCare monitor
(GE Healthcare, Milwaukee, WI, USA). A blood pressure
cuff was placed over the brachial artery above the elbow
of participants’ non-dominant arm. The cuff inflated auto-
matically in 1-min intervals and assessed values were stored
by the monitor. For researchers interested in more detailed
hemodynamic responses that were unrelated to our hypoth-
eses, analyses of cardiac output and total peripheral resis-
tance are accessible in the Supporting Information.

2.1.3 | Procedure

All procedures and measures were approved by the
local Ethics Committee. The experiment was run with
E-Prime 3.0 (Psychology Software Tools, Sharpsburg,
PA, USA) and advertised as a 30-min study on cardio-
vascular activity during a cognitive task. To prevent bi-
ased behavior, the real purpose of the experiment was
not communicated. The experimenter was hired and
unaware of both the hypotheses and the experimental
conditions. Participants were recruited through flyers
distributed in the university buildings and through the
university's internal online job portal. Inclusion crite-
ria were the following: Fluency in the French language,
being in generally good health (no chronic illnesses,
pacemaker, use of antidepressants, or other medications
that may affect the cardiovascular system), and being at
least 18 years old. Psychology students were not allowed
to participate. To control for caffeine effects on the car-
diovascular system (see Grant et al., 2018), participants
were instructed not to consume any caffeine on the
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testing day. Additionally, participants were instructed
not to consume heavy meals 2 hr prior to testing to pre-
vent digestion effects on cardiovascular activity.

Upon arrival, participants were welcomed, seated in a
comfortable chair in front of a computer, and gave written
informed consent. The experimenter attached the physi-
ological sensors, started the experimental software, and
went to an adjacent control room. After a brief explana-
tion of the general procedure, participants were instructed
to relax and maintain the same body position throughout
the subsequent relaxation phase. Cardiovascular base-
line values were assessed during the presentation of a
hedonically neutral 8-min long film about trees. Next,
the task instructions of the moderately difficult cogni-
tive task (adapted from Bijleveld, 2018) were displayed:
“For 5min, you will perform a concentration task. A trial
goes like this: A first series of six numbers is presented,
followed by a series of six letters, and then followed by a
second series of six numbers. Your task is to decide, for
each trial, whether the first and second number series are
identical or not. When the two series are identical, press
the GREEN button. When the two series are not identi-
cal, press the RED button. Please answer correctly and as
quickly as possible.” Additionally, participants were pro-
vided with two examples: One example for an identical
trial and one example for a non-identical trial (Identical
Trial: 581643 - GHQIUR — 581643; Non-identical Trial:
294567 — GHQIUR — 293567). Then, all participants per-
formed five practice trials. During that training phase,
feedback indicated whether the participants’ responses
were correct or wrong. Whenever the participant did not
respond within 2s, the message “please answer faster”
appeared.

Next, participants in the chosen color condition learned
that they could now, based on their preference, choose one
of four colors in which the stimuli of the upcoming cog-
nitive task would be displayed. To give participants a rea-
son for their choice, they read: “Current research results
show that the possibility of choosing a stimulus color has
a positive effect on task performance”. After participants
had pressed “enter” to continue, examples of the avail-
able colors (red, blue, green, yellow) were provided. The
next screen then asked participants to deliberate for 1-min
on the question “Which stimulus color do you prefer?”.
Participants started by pressing “enter”. After 1 min, they
were asked to indicate their choice by pressing one of the
color-corresponding keys indicated on the display. Next,
the chosen color and the question “Are you sure about
your choice?” were displayed to assure their commitment
to the chosen color. If the participant pressed the green
key for “yes”, the procedure continued; if the participant
pressed the red key for “no”, the stimuli colors were pre-
sented once again, and participants indicated their choice

IPSYGHOPHYSIUI.OGY sp’

again. The procedure continued once the personal color
choice was confirmed.

In the assigned color condition, participants were as-
signed to the color that was previously chosen by their
yoked participant in the chosen color condition. As an ex-
ample, if the yoked participant previously chose the stim-
ulus color blue, participants read “Current research results
show a positive effect on task performance when the task
stimuli are displayed in blue”. That way, both the chosen
and the assigned color had the same ostensible effect. To
further create parallel chosen and assigned color condi-
tions, assigned color participants took a 1-min break.?

Then, task instructions and the reminder to maintain
the same body posture were displayed again, and partic-
ipants in the Noise condition were informed about the
presentation of an irrelevant acoustic stimulation during
the upcoming main task. Participants in the Silence con-
dition were informed that no acoustic stimulation would
be present during the upcoming main task. There was
also a reminder given in which color the stimuli would
be presented in the main task: Participants in the Choice
condition read “Following your choice, the letters will
be presented in blue/green/yellow/red”, respectively.
Participants in the Assignment condition only read
“The letters will be presented in blue/green/yellow/red”,
respectively.

All participants worked on the same cognitive task
(only the stimulus colors differed) and were presented
with 37 task trials. The task took 5min, and in total, the
trials contained 18 identical and 19 non-identical number
series. Trials started with a fixation cross (1s), followed by
a series of six numbers (1s), a series of six letters (1.5s),
and a second series of six numbers (max. 2s). The second
number series was either identical or non-identical to the
first number series and appeared until a response button
was pressed. When no response was given within 2s, the
feedback “please answer faster” was displayed for 2s. If
the response button was pressed in time, the feedback
response registered was displayed for 4s minus the reac-
tion time. That way, all trials had the same time length

*We had deliberately decided not to include a choice manipulation
check in this experiment. The same color choice induction has been
successfully used before, where a manipulation check (“To what extent
could you decide on the characteristics of the task?”) revealed highly
significant and strong effects on participants’ feelings of having control
over the characteristics of the task they worked on (Bouzidi et al., 2022;
Bouzidi & Gendolla, 2023a). However, including a choice manipulation
question might alert participants in the assigned task characteristics
condition—they could perceive the manipulation check question as odd
and realize that other participants could choose, which may influence
their subsequent behavior. Moreover, we believe that our specific
choice manipulation does not necessarily require a verbal manipulation
check since participants experienced the consequence of their choice
during the task: The stimuli appeared in the chosen color.
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. TABLE 1 Means and standard errors
Chosen color Assigned color . .
(in parentheses) of the cardiovascular

Silence Noise Silence Noise baseline values.
PEP 97.18 (2.02) 98.55 (2.10) 97.33 (1.60) 96.79 (2.06)
SBP 100.67 (1.60) 103.31 (1.65) 102.64 (1.63) 103.29 (1.61)
DBP 57.71 (0.97) 57.55 (0.79) 58.08 (0.87) 58.29 (0.97)
HR 77.52 (2.24) 71.97 (1.69) 71.39 (1.76) 73.72 (1.82)

Note: N=112 for SBP, DBP, HR; N=110 for PEP.

Abbreviations: DBP, diastolic blood pressure (in mmHg); HR, heart rate (in beats/min); PEP, pre-ejection

period (in ms); SBP, systolic blood pressure (in mmHg).

in all conditions. The intertrial interval randomly varied
between 550ms and 1s.

During task performance, participants in the Noise
condition were exposed to the noise of a drill, whereas
participants in the Silence condition completed the task
without any acoustic stimulation. The intensity of the
drill-noise dynamically varied over the 5-min period, with
an average volume of 60 dB and the highest peaks reaching
about 65dB. The irrelevant noise was presented through
two speakers, placed about 30 cm behind the participant'’s
chair. We deliberately decided not to use headphones be-
cause these could have been removed by the participant
during the experimental procedure. Cardiovascular activ-
ity was assessed during the entire main task.

After the task, participants rated task difficulty (“To
what extend did you find the task demanding?”) on a
scale ranging from 1 (not at all) to 7 (very difficult). They
also rated the acoustic environment during the task per-
formance (“How did you perceive the acoustic environ-
ment?”) on a scale going from 1 (not unpleasant) to 7
(very unpleasant). Next, participants answered additional
questions about their gender, mother tongue, French lan-
guage proficiency, and medication use. The experiment
ended with a debriefing session, the payment of the 10
Swiss Francs (about 11 USD) for participation, and the
possibility to discuss one's personal experience of the pro-
cedure with the experimenter. Importantly, no participant
guessed the purpose of the study.

2.1.4 | Data analysis

We performed a priori contrast analyses to test our ex-
pected 3:1 interaction pattern with relatively strong
sympathetically mediated cardiovascular responses (espe-
cially PEP) in the assigned color/noise condition (contrast
weight +3) and weaker reactivity in the other three con-
ditions (contrast weights —1). A priori contrasts are the
most powerful and thus appropriate statistical tool to test
hypotheses about predicted patterns of means (Rosenthal
& Rosnew, 1985; Wilkinson & Force, 1999). Measures for

which we did not specify theory-based predictions were
analyzed with conventional exploratory 2 (Choice)x2
(Noise) between persons ANOVAs.

2.2 | Results and discussion

2.2.1 | Cardiovascular baselines

We had a priori decided to constitute baseline scores by
averaging cardiovascular values of the last 3min of the ha-
bituation period. We did so to comply with the recom-
mendation to average at least three blood pressure
measures (Shapiro et al., 1996) and because cardiovascu-
lar baseline values generally become stable toward the
end of a habituation period. The cardiovascular measures
showed high internal consistency during that period
(McDonald's ws>.946). Cell means and standard errors
appear in Table 1. Preliminary 2 (Choice)x2 (Noise)
ANOVAs revealed no significant baseline differences be-
tween the later conditions (ps>.254).

2.2.2 | Cardiovascular reactivity

Descriptive statistics of the cardiovascular activity values
during task performance are reported in the Supporting
Information. We created cardiovascular reactivity
scores (Llabre et al., 1991) by subtracting the baseline
values from the five 1-min values of PEP, HR, SBP, and

*The 3:1 contrast that tested our predictions about cardiovascular
reactivity was not significant for any of the cardiovascular baseline
scores (p>.560). For readers interested in gender differences in
cardiovascular activity, we compared the baseline values of women and
men with ¢ tests (including gender in three-factorial ANOVAs was no
option because there were far more women than men in our sample).
The analyses revealed significant gender differences for baseline values
of SBP, #(110)=7.93, p<.001, 112 =0.36, due to higher SBP for men
(M=111.11, SE=1.47) than for women (M =99.43, SE=0.71). No other
cardiovascular baseline values showed significant gender differences
(ps>.079). Further, gender had no significant effects on cardiovascular
reactivity (ps>.145).
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DBP that were assessed during task performance. The
five change scores for each measure showed high inter-
nal consistency (McDonald's ws >.921) and were aver-
aged. Preliminary analyses of covariance (ANCOVAs)
of the averaged cardiovascular reactivity scores with the
respective baseline scores as covariates found no signifi-
cant associations with the baseline scores of PEP, SBP,
DBP, or HR (ps>.298).

2.2.2.1 | PEP reactivity

As reported in the Supporting Information, PEP reacted
significantly during task performance in general and espe-
cially in the assigned color/noise condition. Most relevant
and in support of our hypothesis, our theory-based a priori

Chosen Color Assigned Color

' '
N N

PEP Reactivity (in ms)
&

m Noise Silence

-4

FIGURE 1 Cell means and +1 standard errors underlying
the combined effect of stimulus color choice and noise on cardiac
pre-ejection period (PEP) reactivity. Shorter PEP reflects stronger
beta-adrenergic sympathetic impact.

TABLE 2 Means and standard errors (in parentheses) of blood
pressure and heart rate reactivity scores (Experiment 1).

Chosen color Assigned color

Silence Noise Silence Noise
SBP 5.74(0.91) 4.36 (1.00) 4.35(0.68) 4.13(0.79)
DBP  3.30(0.60) 3.39(0.64) 4.88(0.79)  3.45(0.56)
HR 4.03(0.75) 3.46(0.78)  2.68(0.58)  4.32(0.61)

Note: N=112 for all measures.

Abbreviations: DBP, diastolic blood pressure (in mmHg); HR, heart rate (in
beats/min); SBP, systolic blood pressure (in mmHg).

TABLE 3 Means and standard errors

IPSYGHOPHYSIUI.OGY spr

contrast for PEP reactivity—our primary effort meas-
ure—was significant and of medium size, F(1, 106)=8.73,
p=.004, n”=0.08. As depicted in Figure 1, the PEP re-
sponses showed the predicted 3:1 pattern (note that de-
creases in PEP are reflecting increases in beta-adrenergic
sympathetic impact).

Additional directed and thus one-tailed cell con-
trasts revealed that PEP reactivity in the assigned color/
noise condition (M =—3.03, SE=0.61) was significantly
stronger than in the assigned color/silence condition
(M=—-0.79, SE=0.44), 1(106)=3.07, p=.002, °=0.08,
and—most relevant for the predicted shielding effect—
the chosen color/noise (M =—1.17, SE=0.50) condition,
#(106)=2.53, p=.001, ;72 =0.06. The difference between
the assigned color/noise and the chosen color/silence
(M=-1.91, SE=0.49) conditions was in the expected
direction but did not reach significance (p=.061).
Moreover, cell contrasts between the chosen color/si-
lence, chosen color/noise, and assigned color/silence
conditions did not reveal any significant differences be-
tween the conditions (ps>.133).

2.2.2.2 | SBP, DBP, and HR reactivity

Cell means and standard errors appear in Table 2. The a
priori contrasts for the responses of HR, SBP, and DBP
were not significant, Fs(1, 108)<1.44, ps>.233, although
the response pattern of HR largely corresponds to the 3:1
pattern.

2.2.3 | Task performance
Overall, participants made 83.64% (SE=0.96) cor-
rect responses with a mean reaction time of 956.95ms
(SE=14.01) in correct trials. The relatively high response
accuracy supports our intention to let participants work
on a relatively easy task. A 2 (Choice) x 2 (Noise) ANOVA
of response accuracy revealed no Choice or Noise main
effects (p>.426), but a significant Choice X Noise inter-
action, F(1, 108)=6.73, p=.011, 7*=.06. Cell means and
standard errors appear in Table 3.

Cell comparisons with LSD post hoc tests found that
participants in the chosen color/noise condition made
significantly more correct responses than participants in

. . Chosen color Assigned color
(in parentheses) of accuracy and reaction
times of correct trials. Silence Noise Silence Noise
ACC 79.89 (2.05) 86.07 (2.00) 86.25(1.47) 82.70 (1.90)
RT 977.17 (27.05) 959.47 (30.50) 950.67 (32.95) 940.51 (22.16)

Note: N=112 for all measures.

Abbreviations: ACC, accuracy (percentage of correct responses); RT, reaction time (in ms).
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the chosen color/silence condition (p=.023, 7>=0.05).
Further, participants in the chosen color/silence condition
showed significantly fewer correct responses than partic-
ipants in the assigned color/silence condition (p=.017,
7*=0.05). A 2 (Choice) x 2 (Noise) ANOVA of the reaction
times for correct responses revealed no significant effects
(ps=.424). Cell means and standard errors also appear in
Table 3.

2.2.4 | Verbal measures

2.24.1 | Noise

A 2 (Choice) x 2 (Noise) ANOVA on the subjective noise
ratings revealed a strong significant Noise main effect,
F(1, 108)=81.53, p<.001, 172=0.57. Participants in the
Noise condition (M=4.96, SE=0.19) rated the acous-
tic environment as significantly more unpleasant than
those in the Silence condition (M =2.51, SE=0.20).
Other effects were not significant (ps>.127). Moreover,
in the Noise condition, the ratings were significantly
higher than the scale's midpoint, #(54)=7.68, p<.001,
172=O.52. By contrast, in the Silence condition, the rat-
ings were significantly lower than the scale's midpoint,
t(56)=5.07, p<.001, 5*=0.31. Altogether, this supports
the assumption that we succeeded in creating an aver-
sive acoustic environment.

2.2.42 | Difficulty

A 2 (Choice)x2 (Noise) ANOVA on the post-task dif-
ficulty ratings revealed no significant effects (ps>.139).
Generally, rated difficulty (M=3.84, SE=0.14) was not
significantly different from the scale's midpoint according
to a one-sample t-test (p=.592). This suggests that the task
was, as intended, perceived as moderately difficult by the
participants.

2.3 | Interim conclusions

The main result of this study was the significant a priori 3:1
pattern of cardiac pre-ejection period responses during the
task, our primary measure of effort intensity. Participants
in the assigned stimulus color condition showed stronger
cardiac PEP responses when they were exposed to irrel-
evant noise during the performance of the moderately dif-
ficult task than those who worked in silence. Importantly,
when participants could personally choose one of four
colors in which the task stimuli would be presented, car-
diac PEP reactivity was moderately high and showed no
evidence of noise influences. We interpret our findings
as support for our hypothesis that personal choice can
shield against noise effects on effort-related responses in

the cardiovascular system. However, although the a priori
contrast was significant, the cell difference between the
assigned color/noise and the chosen color/silence condi-
tions was not. Therefore, we run a conceptual replication
study.

3 | EXPERIMENT 2: MEMORY
TASK—LETTERS

Our second study aimed to replicate the results of Study
1 and to provide additional and still more conclusive
evidence for our action shielding hypothesis. To general-
ize the combined effect of noise and the choice of task
characteristics on effort intensity, we administered a dif-
ferent moderately difficult memory task: Participants
had to memorize and correctly report four letter series.
Otherwise, we used the same materials and followed the
same procedure as in Study 1.

3.1 | Method

3.1.1 | Participants and design

We once again aimed at collecting data from 30 partici-
pants per condition and randomly assigned 121 univer-
sitystudentstoour2(Choice) x 2(Noise) between-persons
experimental design. This time, due to electrode detach-
ments and other technical issues, the data sets of five
participants could not be analyzed. There was one out-
lier for the reactivity scores of PEP, SBP, HR, and re-
sponse speed (>3 SDs than the condition M) who was
excluded from the analyses for the respective measures.
Thus, the final sample consisted of N=116 (N=115 for
PEP, SBP, HR, and response speed) participants (96
women, 20 men; average age 22years) with the follow-
ing numbers of participants in the four conditions: cho-
sen color/silence (29 participants), chosen color/noise
(30 participants), assigned color/silence (26 partici-
pants), assigned color/noise (31 participants). The gen-
der distributions were similar in the four conditions.*

3.1.2 | Procedure

The experimenter was again hired and unaware of
both the predictions and the experimental conditions.

“4Chosen color/silence (25 women/4 men), chosen color/noise (24
women/6 men), assigned color/silence (22 women/4 men), and
assigned color/noise (25 women/6 men). A chi-square test of these
frequency distributions was nowhere near significance (p=.91).
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TABLE 4 Means and standard errors
(in parentheses) of the cardiovascular

Chosen color

IPSYGHOPHYSIULOGY sPR)

Assigned color

baseline values. Silence Noise Silence Noise
PEP 96.85 (2.3) 98.70 (2.48) 98.00 (2.51) 100.39 (1.53)
SBP 103.70 (1.46) 103.08 (1.74) 101.04 (1.83) 103.59 (2.10)
DBP 57.87 (0.90) 57.99 (0.77) 57.38 (0.83) 58.30 (0.88)
HR 79.52 (1.87) 75.20 (1.92) 75.85 (2.41) 72.71 (1.86)

Note: N=115 for all measures except for DBP N=116.

Abbreviations: DBP, diastolic blood pressure (in mmHg); HR, heart rate (in beats/min); PEP, pre-ejection
period (in ms); SBP, systolic blood pressure (in mmHg).

The initial greeting, explanations, and cardiovascular
baseline measures were identical to Experiment 1. Then,
the task instructions for the moderately difficult memory
task were displayed: “For 5min, you will perform a mem-
ory task. Four series of seven letters are presented. Each
letter series will be presented for 75s, then the next letter
series will be presented. Your task is to memorize all let-
ters of the four seven-letter series and to report them in
the correct order at the end of the experiment.” Next, as in
Experiment 1, participants in the chosen color condition
learned that they could now, based on their preference,
choose one of four colors in which the stimuli of the up-
coming cognitive task would be displayed. In the assigned
stimulus color condition, participants were assigned to
the color that was previously chosen by their yoked par-
ticipant in the chosen color condition.

The task started with the presentation of the first
letter series (75s), followed by the second series (75s),
and so on. Participants in the Noise condition were ex-
posed to the same noise of a drill during the task as in
Experiment 1, whereas participants in the Silence con-
dition completed the task without any acoustic stimu-
lation. After the task, participants rated task difficulty
(“To what extend did you find the task demanding?”) on
a scale from 1 (not at all) to 100 (very difficult) using a
slider. They also rated the acoustic environment during
the task performance (“How did you perceive the acous-
tic environment?”) on a scale reaching from 1 (not un-
pleasant) to 100 (very unpleasant). Next, participants
answered again biographical and medication-related
questions and were then asked to write down all the let-
ters they had memorized in the correct order of their
appearance. The procedure finished with a debriefing
and the remuneration. Again, no participant guessed
the purpose of the study.

3.2 | Results and discussion

The calculation of cardiovascular indices and the data
analyses were done as in Experiment 1.

3.2.1 | Cardiovascular baselines

The cardiovascular measures taken during the last 3min
of the habituation period showed again high internal con-
sistency and were averaged (McDonald's ws >.946). Cell
means and standard errors appear in Table 4. Preliminary
2 (Choice)x2 (Noise) ANOVAs revealed no significant
baseline differences between conditions (ps>.089).>

3.2.2 | Cardiovascular reactivity

Descriptive statistics of the raw cardiovascular activ-
ity values during task performance are reported in the
Supporting Information. The five 1-min change scores
for each measure showed high internal consistency
(McDonald's ws >.892). Preliminary ANCOVAs of the
averaged cardiovascular reactivity scores with the respec-
tive baseline scores as covariate only found a significant
association between the HR baseline and reactivity scores,
F(1,110)=5.47, p=.021, 172 =0.05. Therefore, we analyzed
baseline-adjusted reactivity scores of HR to prevent pos-
sible carryover or an initial value effect. No significant
associations emerged between the baseline and reactivity
scores of PEP, SBP, and DBP (ps>.059).

3.2.2.1 | PEP reactivity
As reported in the Supporting Information, PEP signifi-
cantly reacted in general and especially in the assigned

The 3:1 contrast that tested our predictions about cardiovascular
reactivity was not significant for any of the cardiovascular baseline
scores (p>.069). For readers interested in gender differences in
cardiovascular activity, we compared the baseline values of women and
men with ¢ tests (including gender in three-factorial ANOVAs was
again no option because there were far more women than men in our
sample). The analyses revealed significant gender differences for
baseline values of SBP #(113)=4.67, p<.001, 7°=0.16, due to higher
SBP for men (M=111.30, SE=2.14) than for women (M =101.14,
SE=0.89). No other cardiovascular measures showed significant gender
differences for baseline values (ps>.433). Furthermore, gender had no
significant effect on cardiovascular reactivity (ps>.052).

85UB017 SUOWILIOD 3AIER.D 3ol jdde 3y} Aq paupA0b a8 S3o1Me YO ‘BSN JO S3IN1 10} A%eIq) T 8UIIUO AB]IAA UO (SUOHIPUOD-PUe-SWLBH LD AB | 1M ARe.d)1|BU1|UO//SONY) SUORIPUOD Pue SWis | 8Y} 885 *[£202/2T/0E] U0 A%iqiauliuo /oI “AISRAIUN 340 A MON AQ 20GKT dASA/TTTT OT/I0p/Wwoo 3| Im Afeiq 1 Ul |uo//:SANY W1y papeo|umoq ‘0 ‘9868697T



FALK ET AL.

10 of 17
4LIPSYCH0PHYSIOI.OGY &

color/noise condition. Most relevant, our theory-based
a priori contrast for PEP reactivity—our primary effort-
related measure—was again significant, F(1, 111)=5.66,
p=.019, *=0.05, supporting our hypothesis. As depicted
in Figure 2, the PEP responses showed the predicted 3:1
pattern (note that decreases in PEP are reflecting increases
in beta-adrenergic sympathetic impact).

Additional one-tailed cell contrasts revealed that PEP
reactivity in the assigned color/noise condition (M =—4.24,
SE=0.87) was significantly stronger than in the chosen
color/noise condition (M=-2.31, SE=0.67), t(111)=1.95,
p=.027, ;12=0.03, which is most relevant to the predicted
shielding effect, and the chosen color/silence condition
(M=-2.00, SE=0.60), {(111)=2.23, p=.014, n?=0.04. The
difference between the assigned color/noise condition and
the assigned color/silence (M=-2.61, SE=0.66) condition
was in the expected direction but not significant (p=.059).
In line with our predicted pattern, the differences between
the chosen color/silence, chosen color/noise, and assigned
color/silence conditions were not significant (ps>.557).

3.2.2.2 | HR reactivity

The 3:1 a priori contrast was also significant for baseline-
adjusted HR reactivity, F(1, 111)=7.43, p=.007, ;12 =0.06.
As depicted in Table 5, the HR responses showed the pre-
dicted 3:1 pattern.

The additional cell contrast between the assigned color/
noise condition and the assigned color/silence condition
was significant: HR reactivity in the assigned color/noise
condition was significantly stronger than in the assigned
color/silence condition, #111)=1.86, p=.033, ;12 =0.03.
Reactivity in the assigned color/noise condition was not
significantly stronger than in the chosen color/noise con-
dition (p=.082). HR reactivity in the assigned color/noise
condition was significantly stronger than in the chosen

Chosen Color Assigned Color
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FIGURE 2 Cell means and +1 standard errors underlying
the combined effect of stimulus color choice and noise on cardiac
pre-ejection period (PEP) reactivity. Shorter PEP reflects stronger
beta-adrenergic sympathetic impact.

color/silence condition, #(111)=3.34, p=.001, 172 =0.09. In
line with the predicted pattern, the differences between
the chosen color/silence, chosen color/noise, and assigned
color/silence conditions were not significant (ps>.059).

3.2.2.3 | SBP and DBP reactivity

Cell means and standard errors appear in Table 5. The
3:1 a priori contrast was not significant for the SBP re-
sponses (p=.143) but significant for DBP reactivity, F(1,
112)=11.94, p=.001, #*=0.10. As depicted in Table 5,
DBP reactivity followed the predicted 3:1 pattern.
Additional cell contrasts revealed that DBP reactivity
in the assigned color/noise condition was significantly
stronger than in the assigned color/silence condition,
t(112)=3.13, p<.001, *=0.08, and the chosen color/si-
lence condition, #(112)=3.65, p=.001, 4°=0.11, while the
difference to the chosen color/noise condition fell short of
significance (p=.061). Moreover, reactivity in the chosen
color/noise condition was significantly stronger than in
the chosen color/silence condition, #(112)=2.09, p=.039,
n*=0.04. The comparisons between the chosen color/si-
lence and assigned color/silence condition, as well as the
comparison between the chosen color/noise and assigned
color/silence conditions were not significant (ps>.108).

3.2.3 | Task performance

Cell means and standard errors appear in Table 6. Overall,
participants correctly remembered M =72.17% (SE=2.19)
of the presented letters (a remembered letter only counted
as correct when it was correctly indicated for the respec-
tive letter series and its position). This relatively high
number of correctly remembered letters speaks for our
aim to create a relatively easy task. We also analyzed the
speed (in ms) with which participants entered the re-
membered letters. Overall, participants took 80018.16 ms
(SE=4221.43) to type in and confirm all letter series. A
2 (Choice)x 2 (Noise) ANOVA of the percentage of cor-
rectly remembered letters revealed no significant ef-
fects (ps>.408). An ANOVA of response speed found

TABLE 5 Means and standard errors (in parentheses) of blood
pressure and heart rate reactivity scores (Experiment 2).

Chosen color Assigned color

Silence Noise Silence Noise
SBP 3.99 (0.67) 6.32(0.92) 4.19 (0.73) 6.12 (0.71)
DBP  2.51(0.51) 4.34(0.78)  2.88(0.55)  5.69 (0.59)
HR 3.59(0.63)  5.97(0.86)  5.34(0.98)  7.69(1.02)

Note: N=115 for SBP and HR, N=116 for DBP.

Abbreviations: DBP, diastolic blood pressure (in mmHg); HR, heart rate (in
beats/min); SBP, systolic blood pressure (in mmHg).
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TABLE 6 Means and standard errors (in parentheses) of response accuracy (%) and reaction times (ms).

Chosen color

Silence Noise
ACC 73.40 (4.81) 72.02 (4.10)
RT 69185.24 (7187.20) 84466.47 (8219.07)

Note: N=116 for ACC; N=115 for RT.

Assigned color

Silence Noise

74.86 (4.19)
74891.92 (6644.19)

68.89 (4.46)
91529.00 (102438.62)

Abbreviations: ACC, accuracy (percentage of correct responses); RT, reaction time (in ms).

that participants in the Noise condition (M=87997.73,
SE=5763.84) tended to respond more slowly than those
in the Silence condition (M =72038.58, SE =6142.09, F(1,
111)=3.59, p=.061, >=0.03, other ps >.449).

3.2.4 | Verbal measures

3.2.4.1 | Noise

A 2 (Choice)x2 (Noise) ANOVA of the subjective noise
ratings revealed a strong significant Noise main effect,
F(1, 112)=167.50, p<.001, ;12=.59. Participants in the
Noise condition (M=75.89, SE=2.67) rated the acoustic
environment as significantly more unpleasant than those
in the Silence condition (M=25.56, SE=2.86). Other ef-
fects were not significant (ps>.15). Moreover, in the Noise
condition, the ratings were significantly higher than the
scale's midpoint, #(54)=9.03, p<.001, 7°=0.60. By con-
trast, in the Silence condition, they were significantly
lower than the scale’'s midpoint, #(60)=9.14, p<.001,
172 =0.58. This indicates that the noise stimulation was, as
intended, perceived as unpleasant.

3.24.2 | Difficulty

A 2 (Choice)x2 (Noise) ANOVA of participants’ diffi-
culty ratings revealed a significant Noise main effect, F(1,
112)=4.06, p=.046, 172=.O35. Participants in the Noise
condition (M=41.21, SE=2.90) rated the task as more
difficult than those in the Silence condition (M =32.11,
SE=3.32). Other effects were not significant (ps=>.08).
Besides the noise effect on difficulty, the difficulty rat-
ings were significantly lower than the scale's midpoint
according to one-sample ¢ tests, both for participants in
the Noise condition (M=41.21, SE=2.90), #(60)=3.03,
p=.004, n”=0.13, and participants in the Silence condi-
tion (M=32.11, SE=3.32), #(54)=5.39, p<.001, °=0.34.
This indicates that the perceived difficulty was low to
moderate.

3.3 | Interim conclusions

Replicating Experiment 1, the main result of our second
study was the significantly predicted combined effect of

the noise and choice of task characteristics manipulations
on PEP reactivity during task performance—our most re-
liable measure of effort intensity. Participants in the as-
signed color condition showed again comparatively strong
PEP responses when they were exposed to irrelevant noise
during the moderately difficult memory task, while those
in the chosen color condition were shielded against the
noise effect, resulting in moderate PEP responses in both
the noise and silence conditions.

In addition to the expected manipulation effect on
PEP reactivity, in Experiment 2, the 3:1 a priori contrast
pattern was also significant for the responses of HR and
DBP. However, focused cell comparisons revealed that
the predicted effort pattern was less pronounced than
for PEP reactivity. This is, however, not surprising be-
cause PEP is the clearest indicator of beta-adrenergic
sympathetic impact and thus the most sensitive effort
index among these measures. In summary, the results of
Experiment 2 replicated and extended the main finding
of Experiment 1 and lend further support to our hypoth-
esis that the personal choice of task characteristics can
shield against noise effects on effort-related responses in
the cardiovascular system.

4 | PEP REACTIVITY:
STATISTICAL INTEGRATION OF
STUDY 1 AND STUDY 2

The 3:1 a priori contrasts of cardiac PEP reactivity dur-
ing task performance were significant in both studies.
However, in Study 1, one of our independently conducted
cell comparisons did not reach statistical significance:
PEP reactivity in the assigned color/noise condition was
not significantly stronger than in the chosen color/silence
condition. In Study 2, PEP reactivity in the assigned color/
noise condition was not significantly stronger than in
the assigned color/silence condition. Therefore, we con-
ducted an additional statistical analysis to combine the
results of both studies and compared the relevant condi-
tions that did not achieve statistical significance. To cal-
culate cumulative z-scores, we used the adding z method
(Rosenthal, 1978): We converted the one-tailed p level
of each cell comparison to its associated z-score, then
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summed the z-scores, and finally divided the sum by the
square root of the number of inference tests. The adding
z method revealed the expected cell differences, with sig-
nificantly stronger PEP reactivity in the assigned color/
noise condition than in both the assigned color/silence
condition, z=3.14, p<.001, and the chosen color/silence
condition, z=2.65, p=.004.

5 | GENERAL DISCUSSION

In support of our conceptual hypothesis, the present two
experiments found that the personal choice of task char-
acteristics leads to action shielding (Gendolla et al., 2021),
and extends it to the yet unexplored context of irrelevant
acoustic noise. Consistent with previous findings on irrel-
evant noise effects on physiological activation (e.g., Evans
& Johnson, 2000; Frankenhaeuser & Johansson, 1976;
Lundberg & Frankenhaeuser, 1978; Tafalla & Evans, 1997),
participants in the present assigned task characteristics
conditions showed stronger responses of cardiac PEP
during task performance—our most sensitive meas-
ure of effort intensity (Kelsey, 2012; Richter et al., 2008;
Wright, 1996)—when they were exposed to irrelevant
noise than those who worked in silence. This compensa-
tory effort allows individuals to cope with the distracting
properties of noise on cognitive task performance, but
may be linked to health risks: Cardiovascular reactiv-
ity has been identified as a key variable in the develop-
ment of essential hypertension and cardiovascular disease
(Baumann et al., 1973; Blascovich & Katkin, 1993; Krantz
& Manuck, 1984; Light et al., 1992; Menkes et al., 1989;
Steptoe & Ross, 1981; Treiber et al., 2003). When environ-
mental factors (such as irrelevant noise) ask for compen-
satory effort and cannot be prevented, it is thus crucial to
identify conditions that allow the maintenance of moder-
ate cardiovascular activity. Therefore, the present study
investigated noise effects on effort-related cardiovascular
response under consideration of the moderating effect of
personal choice.

5.1 | Noise, choice, and effort

The main results of our two present studies were the repli-
cated significant combined effects of the noise and choice
of task characteristics manipulations on cardiac PEP re-
activity during task performance. Participants in the as-
signed task characteristics conditions showed stronger
PEP responses—the time interval between the onset of
ventricular depolarization and the opening of the aortic
valve—when they were exposed to irrelevant noise during
task performance than those who worked in silence. We

had expected this noise effect in the assigned task charac-
teristics condition because our cognitive tasks were mod-
erately difficult—as indicated by both the performance
data and participants’ verbal post-performance difficulty
ratings in both studies. In this moderately difficult task
context, we expected the irrelevant noise to increase sub-
jective demand during the performance, resulting in sub-
jectively high but feasible task demand and thus a strong
sympathetically mediated response in participants’ car-
diovascular system, reflecting effort.

Importantly, when participants were asked to choose
one of four colors in which the task stimuli would be pre-
sented, cardiac PEP reactivity was as expected moderately
high and showed no evidence of noise influences. Most
relevant, compared to the assigned color/noise condition,
PEP reactivity in the chosen color/noise condition was
in both studies significantly attenuated, reflecting the
expected shielding effect. We had predicted this finding
because personal choice of tasks or task characteristics
is known to lead to high commitment (Bandura, 2001;
Bouzidi et al., 2022; Nenkov & Gollwitzer, 2012; Oettingen
et al., 2001; Ryan & Deci, 2006), an action-oriented
task-focus (Kuhl, 1986), and an implemental mindset
(Gollwitzer, 1990). Consequently, personal choice should
reduce the receptivity for potentially conflicting influ-
ences—people should become shielded against noise ef-
fects on effort.

In summary, we interpret our findings as indicating
that personal choice can shield against noise effects on
sympathetically mediated responses in the cardiovascular
system that reflect effort. Our present experiments show
that the way people engage in an action—by personal
choice versus external assignment—is decisive: Personal
choice shields against irrelevant noise effects on effort.
The present findings indicate shielding effects that go
beyond previously studied affective stimulations where
happy and sad moods have been experimentally induced
by background music (Falk et al., 2022a, 2022b; Gendolla
et al., 2021) or where participants were exposed to emo-
tion primes (Framorando et al., 2023a, 2023b, in press)
or aversive conflict primes (Bouzidi & Gendolla, 2023a;
see also Bouzidi & Gendolla, 2023b). The choice seems to
immunize individuals against a variety of potentially con-
flicting influences, including distractive and unpleasant
irrelevant noise.

5.2 | Cardiovascular effects

On the physiological level, we had focused on the effects
of PEP reactivity because it is the most sensitive measure
of beta-adrenergic sympathetic impact on the heart and
thus effort intensity (Kelsey, 2012; Richter et al., 2008;
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Wright, 1996). In Experiment 1, effects on SBP, DBP, and
HR reactivity were not significant, although HR reactiv-
ity largely corresponded to the predicted effort pattern. In
Experiment 2, the a priori contrast analysis also turned
out significant for HR and DBP, although direct follow-
up cell comparisons between the assigned color/noise and
chosen color/noise conditions fell short of significance for
DBP. Moreover, in the chosen color condition, the shield-
ing effect on HR and DBP reactivity was less pronounced
than for PEP. This is, however, not surprising, because PEP
is the most reliable and valid measure of beta-adrenergic
sympathetic impact among the cardiovascular activity in-
dices we have assessed.

As a limitation, we acknowledge that in Experiment
1, the direct comparisons of PEP reactivity in the as-
signed color/noise and chosen color/silence conditions
fell short of significance although the difference was
in the expected direction. In Experiment 2, the stron-
ger PEP reactivity in the assigned color/noise condi-
tion than in the assigned color/silence conditions only
trended toward significance. However, most relevant,
our combined analysis that compared the relevant cells
achieved statistical significance, and the overall a priori
contrast models were significant in both studies. Besides
the significant overall contrasts, the most relevant effect
occurred in the Noise condition. Here, PEP reactivity in
both experiments was significantly weaker when partic-
ipants could personally choose task characteristics than
when those characteristics were externally assigned.
That direct follow-up comparison demonstrates the pre-
dicted shielding effect against noise effects on effort. We
report—to our knowledge for the first time—noise ef-
fects on cardiac PEP in assigned tasks. Previous studies
found noise to influence cortisol and catecholamine ex-
cretion or self-reported effort (Evans & Johnson, 2000;
Frankenhaeuser & Johansson, 1976; Lundberg &
Frankenhaeuser, 1978; Tafalla & Evans, 1997).

Importantly, our present research focuses on the in-
fluence of beta-adrenergic sympathetic activity on the
heart, as proposed by Wright's (1996) integration of mo-
tivational intensity theory (Brehm & Self, 1989) with
Obrist's (1981) active coping approach. In compliance
with the definition of effort as the mobilization of re-
sources for action execution (Gendolla & Wright, 2009),
our theory-based approach focused only on sympathet-
ically mediated cardiovascular responses, and we re-
frained from explorative analyses of other parameters.
It is, however, worth noting that other research domains
propose that cardiac parasympathetic activity could also
play a role in cognitive task processing (e.g., Grossman
et al., 1990). Because our research is theory-driven and
we do not see how effort, defined as the mobilization
of resources for action execution (Gendolla & Wright,

IPSYCHUPHYSIOI.OGY sp

2009), can be operationalized via parasympathetic influ-
ences, we leave these aspects to be investigated in dis-
tinct future studies.

5.3 | Performance effects

Regarding performance effects, which were not the pri-
mary focus of our studies, the exploratory analyses of
participants’ response accuracy found no consistent ef-
fects. Experiment 1 yielded a significant Choice X Noise
interaction effect. Post hoc cell comparisons revealed that
participants in the chosen color/noise condition had a sig-
nificantly higher percentage of correct responses than par-
ticipants in the chosen color/silence condition. Moreover,
participants in the chosen color/silence condition showed
a significantly lower response accuracy than those in the
assigned color/silence condition. In Experiment 2, no
significant performance effects were found. However, on
the descriptive level, participants in the assigned color/
noise condition now tended to show the lowest response
accuracy and speed. These findings suggest that the task
to perform might play an important role regarding the
presence and magnitude of noise effects on performance
(see Banbury et al., 2001; Cohen & Weinstein, 1981;
Smith, 1989 for reviews; Szalma & Hancock, 2011, for a
meta-analytic synthesis). As supported by our two pre-
sent studies, noise exposure does not necessarily cause
deleterious effects on cognitive performance—possibly
because of the mobilization of compensatory resources
when the task or its characteristics are assigned (Evans
& Johnson, 2000; Frankenhaeuser & Johansson, 1976;
Hockey, 1997; Lundberg & Frankenhaeuser, 1978; Tafalla
& Evans, 1997).

Effort-related responses in the cardiovascular system
are of high relevance for occupational health. We thus
focused on sympathetically mediated cardiovascular re-
sponse rather than performance—performance is usually
studied with longer tasks in within-person designs to ac-
count for large individual differences in response speed
and accuracy. The link between effort and performance
is more complex than simply linear. Effort intensity (be-
havioral input) and performance (behavioral output) are
conceptually not identical and performance depends be-
sides effort also, or even more, on persistence, task-related
capacity, and applied strategies (Locke & Latham, 1990).
The link between noise and performance is equally diffi-
cult to predict: A moderately difficult cognitive task paired
with moderately intense acoustic noise—as used in our
studies—should not necessarily affect task performance.
If task difficulty is moderate, individuals should be able
to cope with the distracting properties of noise through
compensatory effort (see Smith, 1989, for an overview).
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Conclusive tests of the question of whether personal
choice can also immunize against noise effects on effort in
highly difficult cognitive tasks will need to be conducted
in the future.

6 | CONCLUSION AND
PRACTICAL IMPLICATIONS

Our present studies show that the way people engage
in an action—by personal choice versus external assign-
ment—is decisive: Personal choice can shield against
irrelevant noise effects on sympathetically mediated
cardiovascular responses during task performance. This
could have practical implications, as noise can adversely
affect health, well-being, and performance (Szalma &
Hancock, 2011). Acoustic noise at workplaces is mani-
fold: It ranges from typical indoor office sounds such as
telephone ringing, background speech, and air condi-
tioning to sounds produced by construction work, and
road, rail, or air traffic. By addressing the dynamic inter-
relationship between personal choice, irrelevant noise,
and effort-related cardiovascular activation, our studies
hold implications for the occupational health psychol-
ogy literature, and practical suggestions for designing
work conditions in which employees can continuously
work productively while maintaining their health and
well-being. These implications are of high relevance,
because sources of irrelevant noise at workplaces are
numerous, and noise exposure has been associated with
compensatory effort when executing cognitive tasks.
This compensatory effort might be associated with psy-
chophysiological costs since cardiovascular reactivity
has been identified as a key variable in the develop-
ment of essential hypertension and cardiovascular dis-
ease (Baumann et al., 1973; Blascovich & Katkin, 1993;
Krantz & Manuck, 1984; Light et al., 1992; Menkes
et al., 1989; Steptoe & Ross, 1981; Treiber et al., 2003).
We identified personal choice as a powerful psycholog-
ical factor that shields against irrelevant noise effects on
cardiovascular responses. When engaging in action by per-
sonal choice of task characteristics, individuals working
on objectively moderately difficult tasks were protected
from the irrelevant noise effect and maintained a moder-
ate cardiovascular activation. This finding is of special im-
portance in work settings where employees are exposed to
frequent auditory disturbances that cannot be prevented.
Although our study investigated university students rather
than employees and administered standardized cognitive
tasks rather than real work challenges, workers in vari-
ous work settings must cope with cognitive demands with
memory and attention aspects, which is highly similar

to our laboratory task. We suspect the shielding effect of
personal choice to operate across different environments
and hope that our findings encourage research to further
investigate how and when giving employees personal
choice of work aspects can protect them against detrimen-
tal noise effects. Our findings add to other already identi-
fied benefits of autonomy at the workplace (e.g., Bond &
Bunce, 2001; Jackson, 1983). Consequently, fostering per-
sonal choice in noisy work environments may potentially
contribute to protecting employees’ cardiovascular health
in the long run and might be considered when designing
occupational noise mitigation strategies.
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Table S1. Means and standard errors (in parentheses) of
the cardiovascular values during baseline measures and
task performance.

Table S2. Means and standard errors (in parentheses)
of baseline values of cardiac output and total peripheral
resistance.

Table S3. Means and standard errors (in parentheses) of
cardiac output and total peripheral resistance reactivity.
Table S4. Means and standard errors (in parentheses) of
the cardiovascular values during baseline measures and
task performance.

Table S5. Means and standard errors (in parentheses)
of baseline values of cardiac output and total peripheral
resistance.

Table S6. Means and standard errors (in parentheses) of
cardiac output and total peripheral resistance reactivity.
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