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Summary

Summary

Overweight and obesity are prevalent worldwide and have numerous negative
physical, mental and social consequences. Thereby, impaired inhibitory capacity is
central for the increase of overweight and obesity in an obesogenic environment which
facilitates weight gain. Both classic weight loss programs comprising behavioral or
lifestyle changes as well as specific inhibitory control trainings demonstrate only small
effects. The inhibitory spillover effect was recently introduced as an approach to
increase inhibitory control by the unintentional transfer of activated inhibitory control in
an induction task to a simultaneously executed outcome measure. Several findings
showed various transmissions of inhibitory capacity, for example from increased
bladder pressure to performance in a concurrent Stroop task as classic measure of
inhibitory control, or from activated attention control to contemporaneous choices in a
self-control scenario. Although feasibility of the inhibitory spillover effect already has
been demonstrated, magnitude of the effect and of different induction methods is only
known to a limited extent. Furthermore, research about the inhibitory spillover effect in

the field of eating behavior is scarce and confined to participants with normal weight.

Therefore, the aim of the present dissertation is to evaluate the magnitude of the
inhibitory spillover effect and its induction methods as well as the application of the
inhibitory spillover effect to influence eating behavior in participants with overweight
and obesity. Study 1 aggregates findings of experiments that, intentionally and also
unintentionally, comprised the inhibitory spillover effect, revealing effect sizes for the
inhibitory spillover effect in general as well as for different induction methods.
Experiments in the studies 2 and 3 examined the application of the inhibitory spillover
effect through different cognitive induction methods to change concurrent food intake
in a bogus taste test or reaction to food stimuli in a stop-signal task in participants with
overweight and obesity, compared to participants with normal weight. In both studies,

additional neutral conditions were employed.

Literature research in study 1 revealed 15 studies incorporating the inhibitory spillover
effect. Results showed a small but substantial and robust effect for the inhibitory
spillover effect in general as well as small to high effects for physiological, attention,
and cognitive induction, while motor induction had no effect. The effort to increase
inhibitory control whilst eating by means of simultaneous thought suppression as

cognitive induction of the inhibitory spillover effect in study 2 revealed no interaction
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Summary

between weight group and condition as well as no effect for weight group. However, a
significantly heightened food intake was observed in the condition with inhibitory
spillover effect compared to the neutral condition, being in opposition to the hypothesis.
A rebound effect of the applied thought suppression may be central for this result,
highlighting possible side-effects and boundaries of induction methods. Study 3 used
a cognitive priming with control-related words to influence either food intake in a
simultaneous bogus taste test or reaction to food-stimuli in a concurrent stop-signal
task, but revealed no significant differences between conditions or groups after
controlling for age differences. In this, an insufficient induction procedure as well as a
mismatch between induction procedure and outcome measure may be relevant for the

results.

The findings of the present dissertation expand theoretical and practical knowledge
about the inhibitory spillover effect by a lot through comprehensive meta-analytic
findings of already existing data but also with the execution of three sophisticated and
well-designed experiments which apply the inhibitory spillover effect in the field of
overweight and obesity for the first time. Results of the studies accelerate research
about the inhibitory spillover effect and provide valuable new insights concerning
possible opportunities and limits of the inhibitory spillover effect as well as further

starting points for future research, which are also discussed in this dissertation.



Zusammenfassung

Zusammenfassung

Ubergewicht und Adipositas sind weltweit verbreitet und haben zahlreiche negative
korperliche, psychische und soziale Folgen. Dabei ist eine beeintrachtigte
Inhibitionsfahigkeit zentral fir die Zunahme von Ubergewicht und Adipositas in einem
Umfeld, das Gewichtszunahme begunstigt. Sowohl klassische Abnehmprogramme,
die Verhaltens- oder Lebensstilanderungen beinhalten, als auch spezifische
Inhibitionstrainings zeigen nur geringe Effekte. Der Inhibitory Spillover Effect wurde
kirzlich als ein Ansatz zur Steigerung der inhibitorischen Kontrolle durch die
Ubertragung von aktivierter inhibitorischer Kontrolle in einer sogenannten
Induktionsaufgabe auf eine zweit, gleichzeitig ausgefuhrte Aufgabe eingeflhrt.
Mehrere Befunde zeigten verschiedene Ubertragungen von Inhibition, zum Beispiel
von erhéhtem Blasendruck auf die Leistung in einer gleichzeitigen Stroop-Aufgabe als
klassisches Mal} fur Inhibition oder von aktivierter Aufmerksamkeitskontrolle auf
gleichzeitige Entscheidungen in einem Selbstkontroll-Szenario. Die Durchfuhrbarkeit
des Inhibitory Spillover Effect wurde bereits nachgewiesen, die Grole des Effekts und
der verschiedenen Induktionsmethoden sind jedoch bislang nur in begrenztem Umfang
bekannt. Daruber hinaus ist die Forschung zum Inhibitory Spillover Effect im Bereich
des Essverhaltens bislang rar und beschrankte sich bislang nur auf normalgewichtige

Teilnehmer.

Ziel der vorliegenden Dissertation ist es daher, das Ausmal} des Inhibitory Spillover
Effect und seiner Induktionsmethoden zu evaluieren sowie den Inhibitory Spillover
Effect zur Beeinflussung des Essverhaltens bei Teilnehmern mit Ubergewicht und
Adipositas einzusetzen. Studie 1 aggregiert hierfur die Ergebnisse von Experimenten,
die, absichtlich oder unabsichtlich, den Inhibitory Spillover Effect angewendet haben,
wobei sowohl EffektgroRen fur den Inhibitory Spillover Effect im Allgemeinen als auch
fur verschiedene Induktionsmethoden ermittelt wurden. Die Experimente in den
Studien 2 und 3 untersuchten die Anwendung des Inhibitory Spillover Effect durch
verschiedene kognitive Induktionen zur Veranderung der gleichzeitigen
Nahrungsaufnahme in einem Geschmackstest oder der Reaktion auf
Nahrungsmittelreize in einer Stopp-Signal-Aufgabe bei Teilnehmern mit Ubergewicht
und Adipositas im Vergleich zu Teilnehmern mit Normalgewicht. In beiden Studien

wurden zusatzlich neutrale Bedingungen verwendet.



Zusammenfassung

Die Literaturrecherche in Studie 1 ergab 15 Arbeiten, in denen der Inhibitory Spillover
Effect eingesetzt wurde. Die Ergebnisse zeigten einen kleinen, aber substanziellen
und robusten Effekt flr den Inhibitory Spillover Effect im Allgemeinen sowie kleine bis
grolRe Effekte fur physiologische, Aufmerksamkeits- und kognitive Induktionen,
wahrend motorische Induktion keinen Einfluss hatte. Der Versuch, in Studie 2 die
inhibitorische Kontrolle wahrend des Essens durch gleichzeitige
Gedankenunterdrickung als eine Form der kognitiven Induktion des Inhibitory
Spillover Effect zu erhdhen, ergab keine Interaktion zwischen Gewichtsgruppe und
Bedingung sowie keinen Effekt fur die Gewichtsgruppe. Allerdings wurde in der
Bedingung mit Inhibitory Spillover Effect im Vergleich zur neutralen Bedingung eine
signifikant erhdéhte Nahrungsaufnahme beobachtet, was im Widerspruch zur
Hypothese steht. Ein Rebound-Effekt der angewandten Gedankenunterdrickung
konnte fur dieses Ergebnis ausschlaggebend sein und zeigt mdgliche
Nebenwirkungen und Grenzen von Induktionsmethoden auf. In Studie 3 wurde
kognitives Priming mit kontrollbezogenen Wortern eingesetzt, um entweder die
Nahrungsaufnahme in einem simultanen Geschmackstest oder die Reaktion auf
Nahrungsmittelreize in einer gleichzeitigen Stopp-Signal-Aufgabe zu beeinflussen. Es
zeigten sich jedoch keine signifikanten Unterschiede zwischen den Bedingungen oder
Gruppen nach Kontrolle flr Altersunterschiede. Dabei kénnten sowohl eine
unzureichende Induktionsprozedur als auch ein Missverhaltnis zwischen

Induktionsprozedur und Outcome-Mal fur die Ergebnisse relevant sein.

Die Ergebnisse der vorliegenden Dissertation erweitern das theoretische und
praktische Wissen Uber den Inhibitory Spillover Effect deutlich, einerseits durch eine
umfassende meta-analytische Analyse bereits vorhandener Daten, andererseits aber
auch durch die Durchfihrung von drei durchdachten und gut konzipierten
Experimenten, die den Inhibitory Spillover Effect zum ersten Mal im Bereich
Ubergewicht und Adipositas anwenden. Die Ergebnisse der Studien treiben die
Forschung uber den Inhibitory Spillover Effect voran und liefern wertvolle neue
Erkenntnisse Uber Mdglichkeiten und Grenzen des Inhibitory Spillover Effect, sowie
weitere Ansatzpunkte fur die zuklnftige Forschung, die ebenfalls in dieser Dissertation

diskutiert werden.



List of publications of the dissertation

List of publications of the dissertation

a) Accepted publications

Vohringer, J., Schroeder, P. A., Huatter, M., & Svaldi, J. (2023). Facilitation of
simultaneous control? A meta-analysis of the inhibitory spillover effect. Psychological
Review, 130(3), 770-789. https://doi.org/10.1037/rev0000400

Vohringer, J., Hutter, M., Schroeder, P. A., & Svaldi, J. (2023). Does a white bear help
you eat less? The impact of the inhibitory spillover effect on eating behaviour.
European Eating Disorders Review, 31(5), 685-695. https://doi.org/10.1002/erv.2995

b) Submitted publications

Vohringer, J., Schroeder, P. A., Hatter, M., & Svaldi, J. (submitted). Does inhibitory
control spill over to eating behaviors? Two preregistered studies of inhibitory spillover

effects on food intake and reactions to food stimuli.

This paper is not the version of record and may not exactly replicate the
authoritative document published in the Elsevier journal (© 2023 Elsevier Ltd.

All rights reserved). Please do not copy or cite without author’s permission.
The final article is available at:

https://doi.orq/10.1016/j.appet.2023.107083

Reference:

Vohringer, J., Schroeder, P. A., Hutter, M., & Svaldi, J. (2023). Does inhibitory control
spill over to eating behaviors? Two preregistered studies of inhibitory spillover effects
on food intake and reactions to food stimuli. Appetite, 191, 107083. Advance online
publication. https://doi.org/10.1016/j.appet.2023.107083

10



Contribution

Contribution

All studies listed here were conducted at the University of Tibingen, Department of

Clinical Psychology and Psychotherapy, under the supervision of Prof. Jennifer Svaldi.

The conception of the first study (Vohringer, Schroeder, et al., 2023) was done by Mr.
Julian Véhringer in close cooperation with Prof. Jennifer Svaldi, Dr. Philipp Schréder,
and Prof. Mandy Hutter (all University of TUbingen). Data collection, statistical analysis,
and interpretation was carried out by Mr. Julian Vohringer. The first version of the
manuscript was written independently by Mr. Julian Vohringer under supervision of
Prof. Jennifer Svaldi. Feedback was given by all co-authors, and the final version was

approved by all authors.

The second and third study (Vohringer et al., submitted; Vohringer, Hutter, et al., 2023)
were conceptualized and designed by Prof. Jennifer Svaldi and Prof. Mandy Hutter.
Data collection, statistical analyses, and interpretations were carried out by Mr. Julian
Vohringer. The first versions of the manuscripts were written independently by Mr.
Julian Véhringer under supervision of Prof. Jennifer Svaldi. Feedback was given by all

co-authors, and the final versions were approved by all authors.

11



Introduction

1 Introduction

1.1 Overweight and Obesity

1.1.1 Backagrounds on Overweight and Obesity

In the last 40 years, the body mass index (BMI; weight/height?) globally increased by
0.63 for men and 0.59 for women per decade, equivalent to an average weight gain of
1.5kg (NCD Risk Factor Collaboration, 2016). Therefore, overweight (25.0 < BMI <
30.0) and obesity (BMI = 30.0) were also on the rise, leading to obesity rates tripled in
men and doubled in women with an increase especially in western high-income
countries (NCD Risk Factor Collaboration, 2016; World Health Organization, 2022).
For Germany, this led to 67% of men and 53% of women being overweight, and 23%
of men and 24% of women being obese (Mensink et al., 2013). Due to its detrimental
effects and its massive surge, obesity is defined as a global epidemic (Hill & Peters,
1998; World Health Organization, 2000).

Overweight and obesity have numerous harmful medical and psychosocial
consequences: Individuals with obesity have higher risks for type 2 diabetes mellitus,
obstructive sleep apnoea, some types of cancer (e.g., breast cancer or prostate
cancer) as well as cardiovascular diseases and related problems such as
hypertension, heart failure, strokes, coronary heart diseases, and thrombosis (Finer,
2015; Wyatt et al., 2006). Also, overweight and obesity are associated with increased
rates of morbidity and mortality (Lenz et al., 2009; Wyatt et al., 2006). Furthermore,
obesity is related with severe psychosocial consequences as individuals with obesity
have a higher risk for mental disorders, such as anxiety disorders or depression
(Gariepy et al., 2010; Roberts et al., 2003). Also, individuals with overweight and
obesity suffer from reduced quality of life due to increased physiological limitations,
pain, and fatigue (Sarwer et al., 2012). Individuals with overweight and obesity further
face discrimination in work, health care, and social relationships, receive a lower
standard of education, have lower household incomes, and are less likely to marry
(Finer, 2015). Apart from individual sequelae, overweight and obesity also have
economic effects on the society, for example, due to high cost for the treatment of
overweight- and obesity-related conditions, decreased productivity, increased
absenteeism, and premature death (Wyatt et al., 2006). A review examining hospital

costs in German hospitals showed a 22% cost increase for overweight patients and a
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53% increase for obese patients, relative to normal weight patients (Konnopka et al.,
2018).

Weight gain occurs when the energy intake exceeds energy expenditure (Wyatt et al.,
2006). Basically, overweight and obesity are the consequences, if this imbalance
persists for a longer period of time (Wyatt et al., 2006). However, the emergence of
overweight and obesity is more complex as it is determined and influenced by nutrition,
exercise, genetic disposition, and their interaction (Mensink et al., 2013). More
specifically, estimates based on genetic data suggests that non-genetic environmental
factors account for 86% of variance in energy intake (De Castro, 2010). Especially the
so-called obesogenic environment is considered central for the global growth and
perpetuation of overweight and obesity (King, 2013). Basic changes in the environment
of high-income countries in the last decades affecting food intake and general behavior
led to the dramatic rise of overweight and obesity (Cohen, 2008; Hill & Peters, 1998).
Lower prices for food and sugar-based beverages, more frequent opportunities to eat,
a greater variety of highly palatable food, high-fat diets, and higher energy density in
food in combination with altered daily routines, work with lower levels of physical
activity, a more sedentary lifestyle, and discouraging for exercise due to new
technology such as personal computers, the internet and cell phones, created an
environment facilitating weight gain and therefore aggravate the development of
overweight and obesity (Cohen, 2008; Hill & Peters, 1998). As human behavior is not
the result of systematic planning and decision making, an obesogenic environment
affects food intake above homeostatic regulation towards a more hedonistic eating
behavior (Cohen, 2008). Furthermore, even though participants of weight loss
programs initially lose weight and some are successful in maintaining their weight loss,
most participants gradually regain weight after a short peak, representing a central
problem in obesity therapy (Dombrowski et al., 2014; MacLean et al., 2015; Wing &
Phelan, 2005). In order to achieve weight loss, most programs recommend behavioral
or lifestyle changes, changes in diet, and/or increase of physical activity, albeit
achieving only small effect sizes and average weight losses of 0.9 to 2.0 kilogram over
a period of 1 to 2.5 years after program start (Dombrowski et al., 2014). Even in
“‘intense lifestyle modification interventions” with an average of 37 hours of attendance,
26% of participants do not lose any weight or even gain weight at a 12-month follow-
up, whereas this is evident for 44% in “less intense lifestyle modification interventions”

with an average of 5 hours of attendance (Christian et al., 2010). Therefore, new
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approaches for initial weight loss as well as maintenance of weight loss are needed
(Dombrowski et al., 2014; MacLean et al., 2015).

Despite current environmental and lifestyle factors facilitating weight gain and increase
the occurrence of overweight and obesity, and weight loss programs showing only
limited effectiveness, not everybody exposed to this environment is equally susceptible
for its influences and gains weight in the first place. While genetic variation explain
some part of variance between individuals living in a shared environment but evolving
differently, low inhibitory control may play a key role for the emergence and
maintenance of overweight and obesity (de Klerk et al., 2022; Hill & Peters, 1998).
Inhibitory control is one of the core executive functions and is defined as the ability
“(...) to control one’s attention, behavior, thoughts, and/or emotions to override a strong
internal predisposition or external lure (...)" (Diamond, 2013, p. 137). In combination
with appetitive motivation towards palatable food, impaired inhibitory control leads to
an increase in episodes of overeating which are more prominent in individuals with
overweight and obesity (Appelhans, 2009; Barry et al., 2009; Van Strien et al., 2009).
In fact, appetitive states are associated with responses to food cues, which are
stronger in participants with overweight and obesity (Van Den Akker et al., 2014). In
line with these findings, poorer inhibitory control is associated with increased
consumption of unhealthy food while having no relationship to the consumption of
healthy food (Dohle et al., 2018). In order to further elaborate this topic, findings about
cognitive deficits for participants with overweight and obesity are presented in the next

section with a special view on inhibitory control deficits.

1.1.2 Inhibitory Control Deficits in Individuals with Overweight and Obesity

Executive functions are a wide range of higher-order cognitive domains, including
planning, organizing, problem-solving, attention setting, set-shifting and inhibitory
control (Fitzpatrick et al., 2013). According to a recent meta-analysis, participants with
obesity have poorer executive functioning compared to participants with normal weight
in all domains tested, namely inhibitory control, cognitive flexibility, working memory,
decision-making, verbal fluency, and planning (Yang et al., 2018). For participants with
overweight, analysis revealed significant differences only in inhibitory control and
working memory (Yang et al., 2018). Another meta-analysis confirmed findings of

significant impairment in inhibition capability for participants with obesity compared to
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participants with normal weight, indicated by an increased stop signal reaction time
(SSRT) in a stop-signal task (SST; Lavagnino et al., 2016).

1.1.2.1 Excursion: The Stop-Signal Task

The SST is a widely used measure to capture inhibitory control capacity (Verbruggen
et al., 2019). The task is easily implemented and extensively applied to healthy
participants, participants with psychopathology as well as to individuals with
overweight and obesity (Houben et al., 2014; Lavagnino et al., 2016; Lipszyc &
Schachar, 2010; Svaldi et al., 2014; Verbruggen et al., 2019; Verbruggen & Logan,
2008). Thereby, the SST can be implemented with cue-specific or general material (for
an example see Schroeder et al., 2021). Underlying the SST, the so-called race model
implies the competition of two independent processes, reacting to a primary task (go
process) and stopping one’s own reaction (stop process), determining if the participant
is able to inhibit the response (Logan et al., 1997). Therefore, participants are asked
to perform a primary task (go trials), for example, a simple discrimination task, while in
some proportion of trials (stop trials), a stop signal, for example, a tone, randomly
appears and participants are instructed to try to immediately stop their reaction (Logan
et al., 1997). Importantly, participants are instructed not to wait for a possible stop
signal as this would distort results (Logan et al., 1997). The stop signal appears in
specific temporal distance after the presentation of the primary task, termed as stop-
signal delay (SSD; Logan et al., 1997). If participants successfully inhibit their
response, task difficulty is increased by prolonging the SSD, whereas after incorrect
reactions, task difficulty is decreased by reducing the SSD (Logan et al., 1997). This
tracking procedure is used to estimate the time point at which participants correctly
inhibit approximately 50% of their stop trials, revealing the average point at which the
stop process finishes (Logan et al., 1997). Using this information, the SSRT is

calculated as estimate for inhibitory capacity (Logan et al., 1997).

Beyond meta-analytic results, there is more evidence for the relationship between body
weight and reduced inhibitory control capacity, which may in turn facilitate further
weight gain. Houben et al. (2014) showed a negative correlation between BMI and
response inhibition in a food-specific SST, displaying reduced inhibitory control for
participants with a higher BMI. This finding of a negative correlation between BMI and
response inhibition is evident through the life span as it was also demonstrated for
children (Pauli-Pott et al., 2010) and adolescents (Batterink et al., 2010). Another work
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showed food-specific impaired early-response inhibition for participants with obesity,
which was not present in participants with normal weight (Svaldi et al., 2015). Equally,
participants with overweight and obesity and low dietary restraint showed poorer
response inhibition compared to participants with normal weight in a food-based go/no-
go task (GNG), another typical measure of response inhibition (Price et al., 2016).
Additionally, inhibitory control capacity has impact on everyday life as it distinguishes
between successful and unsuccessful dieters with participants with higher inhibition
capacity more often attempting to resist food desires and being more successful
inhibiting such desires (Hofmann et al., 2014). Furthermore, response inhibition
interacts with snack food preferences as one study found that participants with reduced
inhibitory control only gained more weight if they had high snack food preferences
(Nederkoorn et al., 2010). Generalizing these results into real-world behavior, small
positive associations exist between performances in SST or GNG and food
consumption, typically measured with a so-called bogus taste test (BTT), in which
participants with overweight and obesity show significantly higher calorie consumption
(Houben, 2011; McGreen et al., 2023; Robinson et al., 2017; Werthmann et al., 2011).

1.1.2.2 Excursion: The Bogus Taste Test

The BTT is a widely used measure to quantify eating behavior with high ecological
validity (Robinson et al., 2015). In a BTT, participants are provided with various food
items and subsequently asked to rate their perception of the food (Robinson et al.,
2017). For this reason, participants are asked to rate a series of taste ratings, for
example, “how savory” each snack is, within a specific time frame. Also, participants
typically are allowed to eat as much as they want once the ratings are finished
(Robinson et al., 2017). However, perception of food is not the real target but the
amount eaten is unobtrusively measured (Robinson et al., 2017). Meta-analytic data
from 2,500 participants revealed the BTT as ecologically valid measure of
hypothesized manipulations of food intake, as increases and decreases of calorie
consumption in comparison to neutral control groups were properly covered (Robinson
et al., 2017). Furthermore, positive and negative mood, hunger, liking of the food
provided, and trait overeating in response to food cues were significantly correlated
with food intake, whereas trait dietary restraint had a negative correlation, and BMI was
not correlated at all (Cardi et al., 2015; Robinson et al., 2017). Also, male participants
consume significantly more than female participants (Robinson et al., 2017). In
addition, another meta-analysis provided insight in that heightened awareness of the
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measurement of participants’ eating behavior significantly reduces food intake
(Robinson et al., 2015) as well as that informational eating norms may increase or
decrease food intake as participants adjust their eating behavior accordingly (Robinson
et al., 2014).

The evidence provided clearly points towards inhibitory control capacity as an
interesting target for interventions to reduce overweight and obesity, change eating
behavior, and thereby support individuals with overweight and obesity in their attempt
to lose weight. Therefore, effective techniques to increase inhibitory control capacity in
individuals with overweight and obesity are needed. One possibility to increase
inhibitory control capacity is inhibitory control training (ICT; Allom et al., 2016). The
hypothesized mechanism for the improvement of inhibitory control is the strengthening
of associations between target stimuli, for example, pictures of food items, and a stop
response or no-go behavior in a SST or GNG (Allom et al., 2016). However, lab-based
studies trying to change inhibitory control have revealed mixed findings whereas
studies in real-world settings produced generally null findings (Allom & Mullan, 2015;
Jones & Field, 2020). There are some studies with improvement concerning health
behavior, for example, a decrease in alcohol consumption or food intake directly
postinterventional (Allom et al., 2016; Houben & Jansen, 2011). Thereby, cue-specific
ICTs yield significant effects on health outcomes, whereas general ICTs were not
significant (Allom et al., 2016). However, at follow-up appointments, studied showed
no main effects of ICTs in objective outcomes, for example, the BMI (Allom et al., 2016;
Allom & Mullan, 2015). Concerning results in subjective reports, for example, eating
behavior in terms of daily fat intake measured with a questionnaire, findings were
mixed and effects were rather small (Allom et al., 2016; Allom & Mullan, 2015; Houben
etal., 2011; Jones & Field, 2013). Moreover, two recent meta-analyses revealed small
effects of ICT on eating behavior and food intake with limited evidence that ICT
contributes to subsequent weight loss (Wolz et al., 2020; Yang et al.,, 2019). As
presented, there are some promising effects of ICTs, even though findings are mostly
mixed with relatively small effects, and some studies showed only limited or no transfer
of training effects to real-world behavior. Therefore, ICTs are currently conceptualized
only as add-on to existing treatments, demanding for new techniques for the
improvement of inhibitory control such as the inhibitory spillover effect, introduced in

the next section.
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1.2 The Inhibitory Spillover Effect

1.2.1 Introduction to the Inhibitory Spillover Effect

Recently, a new approach for the increase of inhibitory control was endorsed, termed
inhibitory spillover effect (ISE; Berkman et al., 2009). The ISE is based on the idea that
inhibition can, unintentionally, spill-over from one domain to another domain,
depending on timing of activated inhibitory control (Berkman et al., 2009). For this
effect to happen, participants have to conduct two tasks simultaneously with one task
comprising the execution of inhibitory control (the so-called induction task) and a
second task serving as outcome measure to which the recruited inhibitory control is
meant to be transferred (Tuk et al., 2015). As an example, Tuk et al. (2011) applied
different visceral bladder pressure to induce an ISE on a concurrent choice and volition
task. The authors manipulated physiological bladder pressure in participants in two
different groups by instructing them to drink either a high (approx. 700ml; high-bladder-
pressure condition) or low (approx. 50ml; low-bladder-pressure condition) amount of
water (Tuk et al., 2011). Significant different subjective urination urgency was verified
at the end of the experiment as manipulation check (Tuk et al., 2011). After a filler task,
participants were asked to make eight intertemporal choices in which they could
choose between an immediate smaller reward or a larger reward later (Tuk et al.,
2011). Participants in the high-bladder-pressure condition chose later larger rewards
significantly more often than participants in the low-bladder-pressure condition (Tuk et
al., 2011). Therefore, Tuk et al. (2011) argued that increased inhibitory control due to
higher bladder pressure was transferred to the domain of intertemporal choice,
reflected in the increased ability to withstand the urge to choose immediate rewards
but to choose more often larger rewards which pay off later. Crucially, both domains,
inhibitory control of one’s own bladder and execution of intertemporal choice, had to
be performed concurrently to allow the unintentional spillover of inhibitory control from

one domain to another domain.

The biological background of the ISE is linked to a network of brain regions activated
during execution of the tasks, namely the right inferior frontal cortex (rlFC), and anterior
cingulate cortex (ACC), as well as putamen and pallidum as further subcortical motor
and reward regions (Berkman et al., 2009; Stoycos et al., 2017). Of note, those areas
activated during occurrence of the ISE have an overlap with the neural brain network
responsible for inhibitory control, for example, rIFC, presupplementary motor area,
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fronto-basal-ganglia networks (containing putamen and pallidum), and dorsolateral
prefrontal cortex, as well as with other structures integrated in more general cognitive
control networks, for example, for conflict monitoring as carried out by the ACC (Aron
et al., 2014; Berkman et al., 2009; Botvinick et al., 2001; Chikazoe et al., 2007; Stoycos
et al., 2017; Tabibnia et al., 2011; Tuk et al., 2015). As different forms of inhibitory
control, for example, inhibition of affective, cognitive or motor impulses, are all traced
back and regulated through one common neural network with closely-linked
neurological areas, the assumption of inhibitory signals spreading to other
simultaneously conducted tasks is strikingly convincing (see also Tuk et al., 2015).
Furthermore, the very different types of induction tasks as well as outcome measures
in research with the ISE (see following examples of the ISE as well as Tuk et al., 2015
for a first overview) support the picture of a domain-general effect, relying on

interconnected and collaborating brain areas.

1.2.2 Distinction of the Inhibitory Spillover Effect from Other Concepts

Crucially, the ISE has to be distinguished from several approaches that seem similar
but differ in central aspects, such as the classical ICT (e.g., Jones & Field, 2020), the
so-called limited resources model (e.g., Baumeister et al., 1998), and concurrent
performance of multiple tasks that do not involve inhibitory control (e.g., Blaywais &
Rosenboim, 2019). As the ISE works through the online transfer of inhibition rather
than the increase of inhibition by targeting the respective domain with the potentially
detrimental behavior (e.g., consumption of alcoholic drinks) in training session
beforehand, it is fundamentally different from cue-specific and also general ICT (see
above for an introduction; Jones & Field, 2020; Tuk et al., 2015). The mechanisms of
cue-specific as well as general ICTs are still under debate and in the need of further
research but currently comprise establishing and strengthening of associations
between appetitive cues and inhibitory control as well as the transfer of trained
inhibition abilities to subsequent tasks (Jones & Field, 2020). In contrast to this, the
ISE works with transfer of inhibition contemporary to another, presumably individually
relevant, tasks or situations (Tuk et al., 2015). Furthermore, the ISE has the advantage
that there is no need to engage with potentially burdensome material but still having a
supportive effect on a wide range of behavior, whereas in research of the ICT,
questionable generalization is part of an ongoing debate, especially for general ICTs
(Jones & Field, 2020). Therefore, the comparison of ISE and ICTs illustrates many
crucial advantages for the ISE, promoting further research activity. Furthermore, the
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ISE is essentially different to the limited resources model proposed by Baumeister
(Baumeister et al., 1998). Central for the limited resources model is the idea that self-
regulation, volition, and active response rely on some form of limited resource, that
may deplete over time by engaging in tasks comprising inhibitory control, leading to a
state called ego depletion and to reduced performance in subsequent inhibitory control
related tasks (Baumeister et al., 1998). In contrast and most importantly, the ISE
incorporates two simultaneous tasks to allow inhibitory control to transfer between the
tasks and, therefore, rather increase (than decrease) inhibitory control capacity (Tuk
et al., 2015). Furthermore, even though first meta-analytic approaches showed a
substantial effect (Hagger et al., 2010), the concept of the limited resources model is
currently under debate (Inzlicht & Friese, 2019) as it appears to be heavily influenced
by publication bias (Carter & McCullough, 2014). Also, there were repeatedly failing
attempts to replicate the effect (Hagger et al., 2016; Tuk et al., 2015; Vohs et al., 2021)
and a competing non-resource-based account of self-control based on a motivated
change of task priorities from externally rewarded “have-to goals” to inherently
rewarded “want-to goals” (Inzlicht et al., 2014) exists. In contrast to the concept of self-
regulation as limited resource being questioned, the ISE assumes a benefit of
unrelated domains through simultaneous execution (Tuk et al., 2015). Last but not
least, the ISE is also different to concurrent performed tasks which do not enclose
inhibitory control (Tuk et al., 2015). While ISE with the incorporation of inhibitory control
has shown its beneficial effects on simultaneous tasks, the processing of two tasks
with the establishment of cognitive load rather than inhibitory control causes
detrimental effects on task performance (Blaywais & Rosenboim, 2019; Tuk et al.,
2015). Further findings of successful increase of inhibitory control through the ISE are

presented in the next section.

1.2.3 Findings about the Inhibitory Spillover Effect

There are already several findings about the ISE increasing inhibitory control in
unrelated domains. In another experiment of their previously introduced study, Tuk et
al. (2011) measured individual bladder pressure of participants to show correlational
evidence between heightened control in a visceral domain and increased performance
in a behavioral domain in terms of better interference control in a simultaneously
performed Stroop task. Furthermore, there were comparable effects of heightened
bladder-pressure on lying behavior (Fenn et al., 2015), of active motor control in a SST

on amygdala activity whilst processing of emotional faces in adults and adolescents
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(Berkman et al., 2009; Stoycos et al., 2017), of attention control on concurrent
unhealthy food consumption, and of thought control on responses in self-control
scenarios in a choice and volition task (Tuk et al., 2015). In their in-house meta-
analysis, Tuk et al. (2015) presented 18 studies comprising different ISE induction
methods and outcome measures and revealed a small but substantial effect of the ISE.
However, all studies in the meta-analysis were conducted solely by the authors working
group, increasing the risk for distortion of results and providing only a limited
representation about the magnitude of the ISE and its induction methods. Furthermore,
as the ISE only requires execution of two simultaneous tasks with one induction task
and one outcome measure, there are studies that unintendedly and unmentioned
induced an ISE in their experiments. For instance, Hung and Labroo (2011) asked
participants to execute motor control by holding a pen either tight (control condition) or
loose (neutral condition) while purchasing food items at a snack bar. For participants
in the condition “with health goal”, results showed a significantly higher proportion of
purchased healthy food items in in the control condition in comparison to the neutral
condition (Hung & Labroo, 2011).

At a glance across the evidence, ISE can be considered as a substantial effect and
domain-general factor, resulting in unintentionally increased inhibitory control in
unrelated domains. Also, additional studies with appropriate settings to induce an ISE
without designation may have been conducted, most likely expanding available
knowledge. Furthermore, so far research about the ISE has only sporadically
comprised eating behavior as outcome measure (e.g., Tuk et al., 2015) and has only

been conducted with participants with normal weight.

1.3 Aim of the Dissertation

Overweight and obesity are epidemically prevalent with severe detrimental physical,
mental, social, and financial consequences for the individual as well as for the society.
Especially an obesogenic environment fostering weight gain as well as reduced
inhibitory control capabilities in individuals with overweight and obesity facilitate and
increase the rise of heightened body weight. As shown, existing general behavioral
treatment programs and special ICTs both are only effective to a limited extent.
Therefore, there is the significant need for new and effective approaches that improve
inhibitory control capacity in individuals with overweight and obesity and eventually
contribute to the control of heightened body weight. The ISE is a new and promising
21
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approach for the enhancement of inhibitory control, opening new opportunities in the
field of eating behavior. However, there is a little knowledge about the magnitude of
the ISE and possible induction methods as there only exists one in-house meta-
analysis so far but possibly many more studies with an inherent ISE design being
undiscovered as such. Furthermore, so far, the ISE has only rarely been used with
respect to eating behavior and has never been applied in overweight and obesity

research but only in participants with normal weight.

Therefore, derived from previous research and existing shortfalls, the following

research questions were developed:

1. How large is the magnitude of the ISE and of different induction methods?
2. Can the ISE change eating behavior in participants with overweight and
obesity?
2a.Compared to a neutral induction, does an induction of the ISE by means
of thought suppression change food intake with a larger effect in
participants with overweight and obesity compared to participants with
normal weight?
2b.Compared to a neutral induction, does an induction of the ISE by means
of cognitive priming change (1) food intake and (2) reaction to food stimuli
with a larger effect in participants with overweight and obesity compared

to participants with normal weight?

Based on these research questions, the present dissertation reports a meta-analysis
(study 1) and two empirical studies (study 2 and study 3). The meta-analysis (study 1)
investigates the magnitude of the ISE as well as different induction methods, whereas
the two empirical studies examine the application of ISE through thought suppression
on eating behavior (study 2) and through cognitive priming on eating behavior and the

reaction to food stimuli (study 3).

Study 1 aims to locate and analyse studies exerting the ISE as well as studies not
dedicated to use the ISE but still applying the ISE as determined by their experimental
design. Therefore, a comprehensive literature research is conducted with the
subsequent analysis of the magnitude of the ISE and different induction methods.

In study 2, participants with overweight and obesity as well as with normal weight are

introduced to either an induction of the ISE by means of thought suppression or to a
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neutral task without the application of inhibitory control. Thereafter, participants are
instructed to further execute their respective task while completing a concurrent BTT

of which consumed calories are secretly measured.

In study 3, two samples each with participants with overweight and obesity as well as
with normal weight are introduced to either an induction of the ISE by means of
cognitive priming or to a neutral task without the application of inhibitory control.
Thereafter, participants are instructed to further execute their respective task while
either completing a concurrent BTT to measure their consumed calories or a

concurrent SST to measure their reaction to food stimuli.
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2 Studies

2.1 Study 1: Facilitation of Simultaneous Control? A Meta-Analysis of the

Inhibitory Spillover Effect (Vohringer, Schroeder, et al., 2023)

2.1.1 Aim and Methods

In study 1, we examined the magnitude of the ISE in general as well as of different
induction methods in an extensive meta-analysis. Therefore, we performed a broad
literature research within the online databases Pubmed, the Cochrane Central Register
of Controlled Clinical Trials, clinicaltrials.gov, Web of Science, PsycINFO, OpenGrey,
Google Scholar, and PsyArXiv with keywords related to the ISE, e.g., “inhibitory
spillover” or “inhibition simultaneous task”. We applied several criteria to detect
experimental and observational studies transparently incorporating an ISE as well as
studies that did not explicitly use ISE as a method but executed two simultaneous tasks
including one inhibitory task as induction task and one outcome measure. So, the
experimental structure in studies applicable for the meta-analysis had to fulfill a
concrete definition of inhibitory spillover with inhibitory spillover “(...) defined as
inhibitory control actively recruited in one domain while simultaneously performing
inhibitory control in a second, unrelated domain, which serves as the outcome
measure.” (Vohringer, Schroeder, et al., 2023, p. 772). We extracted information about
tasks, procedures, group features, outcomes, and statistics in order to analyze,
compare, and aggregate results of different studies. Furthermore, studies were
allocated to the four distinct ISE induction types attention, cognitive, motor, and

physiological induction.

We applied techniques for outlier detection by Viechtbauer and Cheung (2010) and
Lipsey and Wilson (2001) before setting up a three-level random-effects model with
nested effect sizes (ESs) within samples of studies for the aggregated main meta-
analysis as well as, in case of at least medium heterogeneity, random-effects models
for each subtype separately. Additionally, we reviewed results with regard to
publication bias by means of Egger’s test and precision-effect test and precision-effect
estimate with standard errors (PET-PEESE; Borenstein et al., 2009; Stanley &
Doucouliagos, 2014). We further conducted analyses of planned covariates such as
BMI or experiment duration as well as exploratory analyses concerning influences of

manipulation checks, gender, work group affiliation, and intention to examine the ISE.
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Finally, we conducted risk of bias assessment with the Cochrane Collaboration’s tool

in order to assess risk of bias in randomized trials (Sterne et al., 2019). We processed

research results with the help of the Systematic Review Assistant—Deduplication

Module, Zotero, Abstrackr, and R (version 4.1.1; Corporation for Digital Scholarship.,
2001; R Core Team, 2020; Rathbone et al., 2014; Wallace et al., 2012) as well as the
packages metafor, clubSandwich, readxl, xIsx, and zoo (Dragulescu & Arendt, 2020;
Pustejovsky & Tipton, 2018; Viechtbauer, 2010; Wickham et al., 2019; Zeileis &

Grothendieck, 2005).

2.1.2 Results and Discussion

We initially identified 6.277 studies of which 15 studies with 58 ESs were included in

the main meta-analysis (see Figure 1).
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After outlier detection, we excluded three ESs. Analyses with remaining 55 ESs
revealed a significant small ES of Hedges’ g = 0.267 (95% CI = 0.133 - 0.401) for

overall ISE (see Figure 2).

Figure 2

Overview of Effect Size Estimates

Author(s) (Year) [further details] N Estimate [95% CI]

Physiological induction

Gunduz, ... Ozkan Ceylan (under rev.) [High perceptual load] -0.05[-0.66, 0.56]
Gundaz, ... Ozkan Ceylan (under rev.) [Low perceptual load] -0.74 [-1.36,-0.11]
Gundaz, ... Cetinkaya (under rev.) - 0.44[0.14, 0.74]
Zhao et al. (2019) [High BIS groupihigh vs. no inflation: Delay discounting] -0.80 [-1.46, -0.14]
Zhao et al. (2018) [High BIS group/high vs. no inflation: Stroop] 1.12[0.43, 1.80]
Zhao et al. (2019) [High BIS group/moderate vs. no inflation: Delay discounting] -0.71 [-1.36, -0.05]
Zhao et al. (2019) [High BIS group/moderate vs. no inflation: Streop] 1.80[1.03, 258
Zhao et al. (2019) [Low BIS group/high vs. no inflation: Delay discounting] 0.76[0.10, 1.42]
Zhao et al. (2018} [Low BIS group/high vs. no inflation: Stroop] -0.34[-0.97, 0.30]
Zhao et al. (2018) [Low BIS group/moderate vs. no inflation: Delay discounting] 0.69[0.04, 1.34
Zhao et al. (2019) [Low BIS group/moderate vs. no inflation: Stroop] 0.34[-0.30, 0.97]
Tuk etal. (2011) [Experiment 3] 0.44[0.04, 0.83
Tuk et al. (2011) [Experiment 2] 0.43[0.04, 0.81)
Tuk etal. (2011) [Experiment 1] 0.28[-0.02, 058
Stainer (2016) [Ten-itemed GNG] 0.86[0.14, 1.58
Stainer (2016) [Two-itemed GNG] -0.33[-1.03, 0.37
Stainer (2016) [Ten CRT] 0.57 [-0.14, 1.28
Stainer (2016) [Two CRT] 0.70 [-0.01, 1.41]
Fenn et al. (2015) [Experiment 2: Bias] 060[0.41, 0.78]
Fenn et al. (2015) [Experiment 2: Accuracy] 0.17 [-0.02, 0.36]
Fenn et al. (2015) [E: i 2: Correct i ions] 0.58[0.39, 0.77]
Fenn et al. (2015) [Experiment 1: Control] -0.51[-0.84,-0.19
Fenn et al. (2015) [Experiment 1: Cenfidence appearance] 0.49[0.25, 0.74
Fenn et al. (2015) [Experiment 1: Anxiousness] 0.04[-0.28, 0.36]
Fenn etal. (2015) [Experiment 1: Cognitive demand] 0.28[0.05, 0.50]
RE Model for Subgroup (Q = 115.34, df = 24, p = 0.00; Izl ween = 0-0%, Iam =87.2%) 0.28[0.10, 0.45]
Motor induction

Hung & Labroo (2010) [Experiment 4:  willpower not recruited] -0.47[1.13, 0.20
Hung & Labroo (2010} [Experiment 4: ,willpower recruited"] 0.89[0.16, 162
Hung & Labroo (2010) [Experiment 3: ,willpower not recruited®] -0.06 [-0.61, 0.49)
Hung & Labroo (2010) [Experiment 2: Joosen vs. control’] 0.17 [-0.55, 0.88]

Liebherr et al. (2018) -
De Sanctis et al. (2014) -
Stockel & Mau-Mésller (2018) -

-1.06 [-1.55, -0.56]
0.01[-0.43, 0.45]
0.31[0.00, 063]

RE Model for Subgroup (Q = 29.24, df =6, p =0.00; ‘;an =6.8%, \fﬂm =36.9%) -0.05[-0.87, 0.77]
Cognitive induction

Tuk etal. (2015) [Experiment 5] 0.56[0.01, 1.11]
Verbruggen et al. (2012) [Experiment 1] 0.16 [-0.40, 0.72]
Stoycos et al. (2017) [Difference in conectivity] 0.88[0.48, 1.28]
Stoycos et al, (2017) [Amygdala activity] 0.51[0.09, 0.94]
Berkman et al. (2009) [Difference in connectivity] 063[0.03, 1.22]
Berkman et al. (2009) [Difference in striatum activity] 167[0.79, 255]
Berkman et al. (2009) [Amygdala activity] 1.02[033, 1.71]
Tuk etal. (2011) [Experiment 4] 0.41[0.08, 0.76]
Stevens et al. (2015) [Experiment 1] 0.20[-0.29, 0.68]

RE Model for Subgroup (Q = 15.32, df =8, p = 0.05; IZ,,, .. = 18.5%, 12y = 7.7%) 0.61[0.19, 1.03]

Attention induction

Tuk etal. (2015) [Experiment 18] 84 | e——— 0.31[-0.10, 0.71]
Tuk et al, (2015) [Experiment 17] 76 —t— 0.14[-0.32, 0.59]
Tuk et al. (2015) Experiment 16] 46 e 0.01[-0.56, 0.58]
Tuk et al. (2015) Experiment 15] 56 ——————— 0.36[-0.16, 0.87]
Tuk et al. (2015) Experiment 14] 82 ——e—q 0.23[-0.27, 0.72]
Tuk etal. (2015) Experiment 13] 60 a1 0.43[-0.07, 0.94]
Tuk et al. (2015) [Experiment 12] a7 ey -0.49[-1.13, 0.15]
Tuk etal. (2015) [Experiment 11] 74 —a 0.04[-0.42, 0.49]
Tuk et al, (2015) [Experiment 10] 69 = 0.04[-0.43, 0.50]
Tuk etal. (2015) [Experiment 8] 73 —— 0.48[0.03, 0.94]
Tuk etal. (2015) [Experiment 8] 81 s 0.39[-0.05, 0.82]
Tuk et al. (2015) [Experiment 7] 113 Poel -0.18 [-0.55, 0.19]
Tuk et al. (2015) Experiment 8] 72 b 0.41[-0.05, 0.86]
Tuk etal. (2015) [Experiment 4] 54 e 0.52[-0.01, 1.05]
Tuk et al. (2015) [Experiment 3] 83 —— 0.14[-0.29, 0.56]
Tuk etal. (2015) Experiment 2] 104 —— 0.25[-0.14, 0.64]
Tuk etal. (2015) [Experiment 1] 63 e 0.31[-0.19, 0.80]
RE Mocel for Subgroup (Q = 16.20, df = 16, p = 0.44; |2, = 0.1%) L 0.20[0.08, 0.33]
RE Mocel for All Studies (Q = 200.46, df = 57, p = 0.00; I2,y,ean = 0.0%, 124 = 76.8%) 3 0.27[0.15, 0.39]
f T I I T 1
2 1 0 1 2 3
Hedges' G

Note. BIS = behavioral inhibition system; CRT = choice reaction time tests; GNG = go/no-go task; RE =
random effects model. Copyright © 2022, American Psychological Association. Reproduced with
permission. Vohringer, J., Schroeder, P. A., Hitter, M., & Svaldi, J. (2023). Facilitation of simultaneous
control? A meta-analysis of the inhibitory spillover effect. Psychological Review, 130(3), 770-789.
https://doi.org/10.1037/rev0000400
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A large amount of overall heterogeneity suggested substantial variability between ESs
and led to in-depth examination of induction subtypes of which cognitive induction
showed the highest ES followed by physiological and attention induction, whereas
motor induction was non-significant. In planned and exploratory covariate analysis only
duration of the experimental sequence, work group affiliation, and intention to examine
the ISE revealed as significant covariate. There was no evidence for publication bias.
Risk of bias assessment showed a medium risk in most studies, primarily based on

lack of preregistrations.

The meta-analysis confirmed the ISE as substantial and robust effect, contributing to
the body of knowledge about the ISE. Here, it expands knowledge beyond the in-house
meta-analysis by Tuk et al. (2015) due to the incorporation of studies from different
authors and also of studies without the intention to examine the ISE. Furthermore,
cognitive induction revealed the highest effect of all induction subtypes, providing the
best opportunity to serve as a foundation for new and innovative approaches to apply

ISE, for example, in the field of overweight and obesity.
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2.2 Study 2: Does a white bear help you eat less? The impact of the inhibitory

spillover effect on eating behaviour (Vohringer, Hiitter, et al., 2023)

2.2.1 Aim and Methods

In study 2, we applied ISE through a cognitive induction by means of thought control
to influence food intake in a BTT in participants with normal weight (BMI 19.0 — 24.9;
NW; n = 46) and overweight and obesity (BMI 25.0 — 39.9; OW; n = 46). We randomly
allocated participants within each group to one of two conditions (ISE vs. neutral),
resulting in four subgroups (n = 23 each). We hypothesized reduced calorie
consumption in the ISE condition compared to the neutral condition with a more
pronounced reduction in OW due to higher calorie consumption in the neutral

condition.

In the ISE condition, closely modeled after a task of Tuk et al. (2015), we asked
participants to write down their thoughts in a 2 minute thought listing task and, most
importantly, not to think of a white bear after they just saw a picture of a white bear. In
the neutral condition, participants were also asked to write down their thoughts but
were allowed to think freely. Crucially, in both conditions participants had to further
execute their respective task simultaneously to the second task to eventually enable
inhibitory control in the ISE condition to spillover to food intake in the BTT (see Figure
3).

Figure 3

Procedure of experiments in study 2 and study 3.

:
]

. Induction Manipulation
Breakfast Movie " Outcome Measure Menieut
20min 30min 2min 20min (BTT) or 10min (SST) Tmin

Note. BTT = Bogus taste test; SST = Stop-signal task.
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In either condition, we repeatedly reminded participants of their task as well as asked
them to press a manual counter when thinking of a white bear. We measured calorie
consumption as outcome measure by means of food intake in a BTT based on
established procedures (Hallschmid et al., 2012; Svaldi et al., 2014) but extended them
through application of an enlarged number and greater variation of snacks. Participants
had to test and rate seven different snacks (e.g., chocolate cookies, mini salty pretzels,
rice wafers) on nine visual analogue scales (VAS) and were allowed to further consume
snacks once they finished ratings. Snacks were filled in large bowls in order to prevent
participants from restraining their eating behavior due to possible supervision of the
amount eaten. However, bowls were weighted before and after snacking to calculate
calorie consumption. We measured perceived control of food consumption by means
of the Eating Attributional Style Questionnaire (EASQ; Rotenberg et al., 2005) as
manipulation check. There, we asked participants to imagine themselves in different
predefined situations and to evaluate locus of control and changeability of their eating

behavior.

We applied a very strict experimental protocol with fixed timing and a breakfast with
standardized size but an ad-libitum instruction to reach individually sufficient but still
comparable satiety levels. Also, we displayed a 30-minute nature documentary after
the breakfast to give participants time to digest their meal. Participants had no history
of eating disorder, no current mental disorders or physical disease influencing the
experiment, and groups were matched regarding age, gender, education, and
smoking. Furthermore, in women with a natural cycle we conducted experiments only
in the luteal phase due to influences of the cycle to food intake (Buffenstein, 1995). We
further collected online questionnaires prior to participation as well as VAS during

experiments in order to allow to control for different influences.

We analyzed differences in calorie consumption in the BTT as main outcome as well
as differences in the general score of the EASQ as manipulation check each with 2
(group; OW vs. NW) x 2 (condition; ISE vs. neutral) analysis of variance (ANOVA).
Results for the main outcome were additionally checked with bootstrapping.
Additionally, we conducted several exploratory analyses, for example, concerning the
influence of hunger, stress, or calorie consumption at breakfast, by means of several

analysis of covariance (ANCOVA).
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2.2.2 Results and Discussion

There was no interaction effect of condition and group nor a main effect of group on
calorie consumption in the BTT. However, contrary to the hypothesis we found a main
effect of condition with a significantly higher calorie consumption in the ISE condition
compared to the neutral condition. Results stayed the same when bootstrapped. The
manipulation check by means of the EASQ showed no difference at all. Exploratory
analyses revealed the desire to eat snacks and concentration, each before the BTT,
as significant covariates, with higher desire to eat snacks and lower concentration
leading to higher calorie consumption. Condition remained a significant factor for all

covariate analyses.

Contrary to other studies (e.g., Berkman et al., 2009; Tuk et al., 2011, 2015) we found
no ISE but rather a reversed spillover effect with increased calorie consumption which
may be traced back to the so-called rebound effect of thought suppression
(Abramowitz et al., 2001), leading to an increased number of “unwanted” thoughts and
therefore experience of lack of control, undermining execution and maintenance of an
ISE. Additionally, a relatively short induction task as well as the high complexity and
the cognitive demand of the outcome measure may have interfered with the application
of the ISE. Suitable setups for induction tasks and outcome measures as well as online

measurement of inhibition capacity should be investigated in the future.
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2.3 Study 3: Does inhibitory control spill over to eating behaviors? Two
preregistered studies of inhibitory spillover effects on food intake and

reactions to food stimuli (Vohringer et al., submitted)

2.3.1 Aim and Methods

In study 3, we investigated the application of the ISE through cognitive priming in
participants with normal weight (BMI 19.0 — 24.9; NW) and overweight and obesity
(BMI 25.0 — 39.9; OW) on two different outcome measures, (1) food intake in a BTT
and (2) reactions to food stimuli in an SST. Outcome measures were conducted in two
experiments with separate samples with n = 92 per experiment (divided in n = 46 per
group). In both experiments, participants were randomly allocated to an ISE or a
neutral condition, resulting in four subgroups (n = 23 per subgroup) in each experiment.
In experiment 1, we hypothesized reduced calorie consumption in the ISE condition
compared the neutral condition with a more pronounced reduction in OW, whereas in
experiment 2, we expected a reduced SSRT in the ISE condition compared the neutral

condition with a more pronounced reduction in OW.

Cognitive priming as ISE induction method was similar for both experiments and based
on a procedure by Rotenberg et al. (2005). We asked participants to learn and retain
ten words, crucially throughout the experimental procedure. The ten words consisted
of five adjectives serving as priming material, and five nouns serving as filler words.
The adjectives for both conditions were pre-tested (N = 93), and were equal on
valence, frequency, number of syllables, length, arousal, complexity, relation to food,
and relation to body while being significantly different in relation to control. Words in
the ISE condition represented self-control (thoughtful, thorough, composed, controlled,
sovereign) whereas words in the neutral condition had no relation to self-control
(familiar, safely, settled, adorable, hereditary). Filler words were office paraphernalia
(e.g., folder, lamp). We asked participants to learn the words in-depth and retain them
also simultaneously to the following tasks. This was emphasized repeatedly to
eventually enable the spillover from an induced state of control to the outcome
measure conducted concurrently. In experiment 1, we measured calorie consumption
with a BTT analogous to the procedure in study 2. In experiment 2, we measured
SSRTs in a food-specific SST, based on an experiment of Houben et al. (2014). In the
SST, participants had to indicate alignment of pictures of highly palatable food as either
in portrait or landscape format by pressing the left or right control key. In 25% of the
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trials, a stop signal appeared to which participants were instructed to refrain from
pressing any button. In case of correct stopping, task difficulty was increased by
prolonging the time frame before the presentation of the next stop signal. When
participants erroneously pressed a button when a stop signal appeared, task difficulty
was reduced by shorten the time frame before the presentation of the next stop signal.
Furthermore, participants were instructed not to wait for a possible stop signal with an
assisting automated “faster” sign in case of slow responses in go-trials. Participants
had to successfully complete two training blocks with five trials each before the main
experiment started, consisting of two blocks with 112 trials per block. SSRT was
calculated with the integration method with replacement of go omissions proposed by
Verbruggen et al. (2019).

Further aspects such as in-depth structured diagnostics, online questionnaires, group
matching, measurement of the female cycle, experimental protocol, standardized sized
breakfast, VAS during the experiment, and measurement of perceived control of food
consumption by means of the EASQ (Rotenberg et al., 2005) were similar to study 2

for both experiments (see Figure 3 for an overview of the procedure).

For experiment 1, we analyzed differences in calorie consumption in the BTT as main
outcome as well as differences in the EASQ as manipulation check each with 2 (group;
OW vs. NW) x 2 (condition; ISE vs. neutral) ANOVAs. For experiment 2, we analyzed
differences in SSRTs in the SST as main outcome as well as differences in the EASQ
as manipulation check each with 2 (group; OW vs. NW) x 2 (condition; ISE vs. neutral)
ANOVAs. For both experiments, we also calculated ANCOVAs with age of participants
as covariate. All calculations for the main outcomes were additionally checked with

bootstrapping.

2.3.2 Results and Discussion

In both experiments, there were no interaction effects of condition and group for the
results on calorie consumption in the BTT or on reaction times in the SST. Also, there
were no main effects of group or condition on BTT or SST in both experiments. For
experiment 1, the null-effect of condition was only evident after controlling for the
significant covariate age whereas in experiment 2 age was no significant covariate. All
results were confirmed when bootstrapped. In both experiments, the manipulation
check conducted with the EASQ revealed no differences at all.
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In line with study 2, which used thought suppression, but contrary to other studies
applying ISE (e.g., Fenn et al., 2015; Tuk et al., 2015; Zhao et al., 2019), we found no
ISE induced through cognitive priming neither on food intake nor on reactions to food
stimuli for participants with normal weight and overweight and obesity. Therefore,
cognitive priming may not be a suitable induction method in the area of eating behavior
as strong hedonic approach tendency. Furthermore, features of the induction task,
such as use of task-irrelevant nouns and task-relevant adjectives from differing topics
as well as possible task-switching may have interfered with the implementation of an
ISE. Taken together and in line with the results of study 2, more fine-grained research
about possible setups, induction methods, and boundaries of implementation of the

ISE in necessary.
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3 Discussion

3.1 Summary of Findings

Before summarizing the results of the studies in this dissertation, the theoretical

background is briefly recapitulated.

Overweight and obesity are worldwide prevalent and increasing problem with physical,
mental, and social sequelae (Finer, 2015; NCD Risk Factor Collaboration, 2016;
Roberts et al., 2003; Sarwer et al., 2012; Wyatt et al., 2006). An obesogenic
environment and reduced inhibitory control in participants with overweight and obesity
lead to increased occurrence of overweight and obesity with behavioral interventions
on long term weight loss and techniques for the improvement of inhibitory control
capacity yielding only small effects, demanding for new alternatives (Cohen, 2008; de
Klerk et al., 2022; Dombrowski et al., 2014; Hill & Peters, 1998; King, 2013; Lavagnino
etal., 2016; McGreen et al., 2023; Price et al., 2016; Robinson et al., 2015; Werthmann
et al.,, 2011; Yang et al., 2018, 2019). The ISE is a rather new approach for the
improvement of inhibitory control through the transfer of inhibitory control from one
domain to another domain when executed simultaneously with evidence for several
different induction methods and outcome tasks, for example, transfer of inhibition from
thought control on responses in a choice and volition task (Tuk et al., 2011, 2015).
However, magnitude of the ISE as well as different induction methods remain
somewhat uncertain with only one in-house meta-analysis (Tuk et al., 2015), and
potentially more studies, that, unintentionally, also incorporated the ISE by design
without the purpose to investigate the ISE (e.g., Hung & Labroo, 2011), potentially
widening already existing evidence. Moreover, research in the domain of eating
behavior is scarce with only a few experiments with food intake as outcome, all

conducted with participants with normal weight (Tuk et al., 2015).

Based on the state of research described above, the following questions remained

unanswered:

1. How large is the magnitude of the ISE and of different induction methods?
2. Can the ISE change eating behavior in participants with overweight and

obesity?
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2a.Compared to a neutral induction, does an induction of the ISE by means
of thought suppression change food intake with a larger effect in
participants with overweight and obesity compared to participants with
normal weight?

2b.Compared to a neutral induction, does an induction of the ISE by means
of cognitive priming change (1) food intake and (2) reaction to food stimuli
with a larger effect in participants with overweight and obesity compared

to participants with normal weight?

The aim of the studies enclosed in this dissertation was to answer these open research
questions. Therefore, a meta-analysis (study 1) and two experimental studies (study 2
and study 3) regarding the implementation of the ISE to influence eating behavior in

three experiments in total were conducted.

In study 1, with an in-depth literature research we identified 15 studies with 58 ESs,
including both studies with and studies without designs designated to examine the ISE.
After outlier removal, we comprised 55 ESs in the main analysis and calculated a
general effect of the ISE as well as effects for the four different induction subtypes
cognitive, physiological, attention, and motor induction. Analyses revealed a significant
small ES for the ISE in general as well as a large ES for cognitive induction, small ESs
for physiological and attention induction, and a non-significant result for motor
induction. Covariate analyses yielded duration of experimental sequence, work group
affiliation, and intention to examine the ISE as significant covariates. Further analyses
indicated no distortion by means of a publication bias, and a medium risk for a bias
due to potential flaws in the evidence in most studies, mainly because of a lack of
preregistrations. Study 1 demonstrated a small but substantial effect for the ISE with
cognitive induction yielding the highest effect of the different induction subtypes,

predestined for further research about implementation of the ISE.

In study 2, we applied an ISE by means of thought control as a cognitive induction in
order to reduce food intake in a BTT. Participants with overweight and obesity as well
as normal weight were each randomly assigned to an ISE condition or a neutral
condition that should not influence food intake. Crucially, to allow a spillover of
inhibitory control from thought control to eating behavior in the ISE condition, thought
control and BTT were conducted simultaneously. Results showed no interaction

between group affiliation and condition, and no main effect of group affiliation on food
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intake in the BTT. However, a significant main effect of condition was revealed with
participants in the ISE condition consuming significantly more than participants in the
neutral condition, thereby being opposite to the hypothesis. The manipulation check
by means of perceived control of food consumption assessed with the EASQ showed
no significant result at all. Exploratory analyses indicated the desire to eat snacks and
concentration, each before the BTT, as significant covariates. However, both
covariates influence the results only slightly with condition remaining a significant main
effect for all exploratory analyses. Study 2 showed that the application of concurrent
thought control increased rather than decreased food intake in participants,
challenging our hypotheses and expanding knowledge about possible side effects,

suitable setups and induction tasks for the establishment of the ISE.

In study 3, an ISE was induced via cognitive priming with control-related words for the
setup of a state of control, aiming to influence concurrent (1) food intake in a BTT, or
(2) reactions to food stimuli in an SST. Participants with overweight and obesity as well
as normal weight were each randomly allocated to either an ISE condition or a neutral
condition that should not affect the respective outcome. Results showed for both
outcomes neither a significant interaction between factors nor any main effect of group
affiliation or weight group. However, the result concerning food intake in the BTT was
only evident after controlling for age as significant covariate, whereas for reactions to
food stimuli in the SST age was no significant covariate. For both outcomes, the
manipulation check conducted with the EASQ concerning perceived control of food
consumption confirmed non-significant main results. Therefore, ISE induced through
cognitive priming appears not to be sufficient to increase control over hedonic food
consumption or food-related response inhibition, further expanding knowledge about

the ISE. A comprehensive critical reflection of findings is presented in the next section.

3.2 Critical Reflection of Findings

The presented work significantly expands knowledge about the ISE as it provides a
comprehensive delineation of the phenomenon as well as diverse experimental
examination with various induction and outcome methods in the formerly mostly
omitted research field of eating behavior. By means of the previously proposed
research questions (see section 1.3), in the following the results of the studies will be

reviewed critically and on a superordinate level.

36



Discussion

Research question 1: How large is the magnitude of the ISE and of different induction

methods?

The meta-analytic results of study 1 confirmed previous preliminary findings by the in-
house overview of Tuk et al. (2015) for the ISE as a small but substantial effect.
However, validity of the results is increased significantly as we included other known
studies of the ISE but also studies that applied the ISE without designation as such.
Further, non-significant findings for PET-PEESE and tests for funnel plot asymmetry
confirmed emphases from Tuk et al. (2015) of results from ISE research with
concurrent execution of tasks being undistorted by publication bias. In contrast to this,
research about the ego depletion effect, which implements subsequent tasks, may be

heavily influenced by small-study effects (e.g., Carter et al., 2015).

A detailed comparison of our results to the work of Tuk et al. (2015) is complicated as

different definitions for possible ISE domains were proposed (see Table 1).

Table 1
ISE domains in Vohringer, Schroeder, et al. (2023) and Tuk et al. (2015) with estimates

Study with ISE domains Estimate (SE)
Voéhringer, Schroeder, et al. (2023)
Attention domain 0.20 (0.01)
Cognitive domain 0.61 (0.15)
Motor domain -0.05 (0.22)
Physiological domain 0.28 (0.06)
Tuk et al. (2015)
Attention control 0.33 (0.11)
Consumption control 0.57 (0.29)
Emotion control 0.37 (0.27)
Cognitive impulse control -0.26 (0.16)
Thought control 0.24 (0.08)

Note. ISE = Inhibitory spillover effect; SE = Standard Error.
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However, the magnitudes of different induction methods as well as the range of effects
in the present work are similar to previous work as they vary from no significant effect
(motor induction) through small effects (attention and physiological induction) to large
effects (cognitive induction, see Table 1). Safety risks (e.g., in a challenging walking
environment), influence of repeated practice associated with certain motor tasks (e.qg.,
clasping a pen between fingers) as well as the activation of other brain areas than
typically involved in ISE (Berkman et al., 2009; Surgent et al., 2019) may explain the

significant differences in effects between motor and cognitive induction.

Results are primarily unaffected by planned and exploratory moderators (Behavioral
inhibition system [BIS] scale, study location, gender proportions of participants,
presence of manipulation checks) with only duration of the experimental sequence,
work group, and designation to research about the ISE having a significant influence.
Unfortunately, studies did not report sufficient data to examine the effect of BMI on the
ISE which would have been especially interesting for planning further experiments with
participants from different weight groups. In-depth analyses of significant moderators
showed a non-linear association of experimental duration and ISE magnitude with a
presumably heavy influence of the shortest duration (Liebherr et al., 2018) which may
be due to a highly demanding induction task. As only few studies reported experimental
duration, results should be handled with caution. Further, work group and designation
to ISE research significantly influenced results with two working groups with very large
positive and negative effects (Berkman et al., 2009; Liebherr et al., 2018) promoting
the first significant moderator, whereas intended examination of the ISE significantly
increased ESs of studies pointing towards a possible effect of specific requirements

and thoughtful execution of ISE research fostering effectiveness.

In summary, our work revealed ISE as a small but substantial and robust effect with
different induction methods ranging from no effect to large ESs. Therefore, previous
findings were confirmed and new insights in important aspects for further research

were gathered with respect to suitable induction methods and relevant moderators.

Research question 2: Can the ISE change eating behavior in participants with

overweight and obesity?

Two more specific sub-questions were formed in order to answer research question 2

and are addressed separately below.
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Research question 2a: Compared to a neutral induction, does an induction of the ISE
by means of thought suppression change food intake with a larger effect in participants

with overweight and obesity compared to participants with normal weight?

The experiment in study 2 revealed, contrary to the expectations, a reverse ISE with a
higher food intake in the ISE condition compared to a neutral condition, regardless of
weight group affiliation. This finding appears to rely on the rebound effect of the
administered thought suppression, according to which, after an initial enhancement in
suppressing certain thoughts, appearance of suppressed thoughts is substantially
increased (Abramowitz et al., 2001). Furthermore, longer suppression tasks lead to
stronger initial enhancement effects (Abramowitz et al., 2001). In the context of ISE
research, this rebound effect may have led to the feeling of loss of control rather than
increased control, which is the basis of ISE. Consequently, this could have undermined
the establishment and maintenance of successful inhibitory control and, therefore,
prevented a spillover to concurrent food intake. Also, the relatively short induction task
may have lowered initial enhancement as stated by Abramowitz et al. (2001),
additionally hampering a powerful ISE. Furthermore, the BTT administered in this study
is significantly more complex and demanding than other measures for food intake used
before in ISE research (e.g., Tuk et al.,, 2015), further interfering and possible
interrupting the spillover of inhibitory control. Therefore, a detrimental interplay of a
short induction method and an extensive outcome measure may have further

obstructed impact of an ISE.

Several exploratory moderators were analyzed, indicating desire to eat snacks before
the BTT and concentration before the BTT as significant contributing factors. Whereas
higher desire to eat snacks before the BTT resulted in significantly higher food intake,
higher concentration before the BTT significantly reduced subsequent food intake,
emphasizing the relevance of actual states in eating behavior research. However, for
both significant moderators, as for all non-significant moderators, condition remained

a significant factor, strengthening the original result pattern.

Results of study 2 showed that, even though cognitive induction was the most powerful
induction method in the meta-analysis in study 1, possible side-effects of methods
applied as well as features of the outcome measure can influence power and
effectiveness of ISE induction to the point where effects are reversed and result in even

lower perceived self-control.
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Research question 2b: Compared to a neutral induction, does an induction of the ISE
by means of cognitive priming change (1) food intake and (2) reaction to food stimuli
with a larger effect in participants with overweight and obesity compared to participants

with normal weight?

Two experiments in study 3 examined the induction of an ISE through cognitive priming
in order to change concurrent food intake or reaction to food stimuli in a reaction task.
After controlling for apparent age differences in subgroups, results showed no
differences between an ISE condition and a neutral condition, regardless of weight
group affiliation. This finding may be explained by various aspects. For instance,
adjectives applied as control-related or -unrelated words to induce a state of control
may have been inferior to nouns used as filler words as nouns are more easily retained
and recollected than adjectives (Gasser & Smith, 1998; Lockhart, 1969). Therefore,
establishing a state of control would have been more difficult, preventing a successful
ISE on food intake or reactions to food stimuli. Additionally, food intake and reactions
to food stimuli as strong and hedonic behavioral tendencies may be hard to influence,

especially by a weakened ISE due to possibly impaired induction.

While other studies also used cognitive priming to change outcome in another task
subsequent (Rotenberg et al., 2005) or concurrent (Tuk et al., 2011) to cognitive
priming, the induction procedures differed in terms of applied material. Namely, the
present study used adjectives related or unrelated to control whereas other studies
employed adjectives related to control or loss of control (Rotenberg et al., 2005) or
topic-related or -unrelated nouns and adjectives (Tuk et al., 2011). Therefore, other
procedures with more distinct material for the respective conditions may be more
promising to induce an ISE. Furthermore, the outcome measures in the present study
are significantly more complex and demanding compared to outcome measures
applied in previous alike studies which used a very simple BTT (Rotenberg et al., 2005)
or an unencumbered choice and volition task (Tuk et al., 2011), pointing towards an

interplay of induction method and outcome measure.

Results for food intake only were non-significant after controlling for the significant
covariate age, which may be explained by a diminished energy expenditure with higher
age but are in opposition to higher snacking tendencies with higher age (Bosy-
Westphal et al., 2003; Murakami & Livingstone, 2016). The SST showed no differences

in SSRT between participants with overweight and obesity, and participants with
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normal weight, what is in line with other findings highlighting inconsistencies with
regards to weight status (e.g., Bartholdy et al., 2016). The finding in the present work
may be attributed to an insufficient number of trials in the SST of this study as
participants with overweight and obesity show difficulties in maintaining inhibitory
control only in later blocks (Nederkoorn et al., 2006). Furthermore, as participants in
the present work were rather overweight than obese, results of the SST could further
be influenced as participants with overweight are similar to participants with normal
weight with regard to overall executive functions, whereas participants with obesity

differ from participants with normal weight (Yang et al., 2018).

Results of study 3 clearly showed that an ISE by cognitive priming was not successful
in influencing food intake or reactions to food stimuli in participants with overweight
and obesity or normal weight, presumably due to methodological aspects or a missing
fit between induction method and outcome measure. Based on the findings from this
study as well as from study 2, cognitive induction, as it was applied in these studies, is
in question to be an appropriate induction method in the field of eating behavior.
Consequentially, future research approaches and directions will be discussed in

section 3.4 after an acknowledgement of strengths and limitations of the studies.

3.3 Strengths and Limitations of the Studies

Each study presented in this dissertation has the profound strength of a preregistration
of their hypotheses, planned sample size, key dependent variables, research design,
outlier handling, and statistical analyses before start of data collection, increasing
transparency and validity of findings. In the case of deviations from the preregistered
plan due to unexpected discoveries during realization of the study, for example,
regarding practical exclusion criteria throughout literature research and selection in
study 1, or adaptions due to new findings, for example, with regards to power
assumptions for study 3, we highlighted those changes within papers or in additional
preregistrations before data analyses. Therefore, we enabled the implementation of
preregistrations as high-quality criterion in contemporary research (Nosek et al., 2018),
increasing robustness and confidence in results and allow a comprehensive

understanding of our research.

Furthermore, to ensure good scientific practice, each study in this dissertation was

grounded on a wide foundation of conventions and standards which are introduced

41



Discussion

subsequently. In study 1, we followed basic recommendations for meta-analyses, such
as the use of Hedges'’ g as ES to correct for small-sample sizes, the set-up of random-
effects models, the detection of heterogeneity across study results with Q, T2 and /?
statistics and predefined thresholds, or the conduction of outlier analyses carefully and
based on previous research to ensure undistorted results (Badr & Krebs, 2013;
Borenstein et al., 2009; Cumming, 2012; Lipsey & Wilson, 2001; Viechtbauer &
Cheung, 2010). Also, the meta-analysis was planned, conducted, and reported with
accordance to the “preferred reporting items for systematic reviews and meta-
analyses” (PRISMA) statement (Liberati et al., 2009). Moreover, we accounted for
dependencies between ESs due to dependencies within studies and/or samples by
nested ESs, for within-study dependencies and small-sample corrections by cluster-
robust variance estimates of sampling variances and hypothesis tests, and used Wald-
type tests with robust variance estimates to evaluate moderator variables (Assink &
Wibbelink, 2016; Cheung, 2014; Harrer et al., 2021; Pustejovsky & Tipton, 2022). Also,
we applied Egger's test and PET-PEESE (Borenstein et al., 2009; Stanley &
Doucouliagos, 2014) to examine a possible publication bias and control for influences
of selected results reporting which were not present and, therefore, implies robustness
of results. We additionally examined the risk of bias due to quality of studies in the
meta-analysis by means of the widely used and reliable “tool for assessing risk of bias
in randomized trials” from the Cochrane Collaboration (Sterne et al., 2019). We also
executed a broad literature research based on recommendations by Bramer et al.
(2017) and the Harvard Library (2020) within eight different online databases which
also included unpublished work, and, most importantly, studies without the intention to
examine the ISE, collecting comprehensive information about the ISE and expanding
established knowledge by a lot. Finally, we included at least seven studies for the
analysis of each induction method which is above thresholds proposed for meta-
analyses (e.g., Cumming, 2012; Fu et al., 2011) and substantially more than in the
work of Tuk et al. (2015), serving as comparison level. With regards to the experiments
in study 2 and study 3 we also consulted established statistical literature to apply
reliable methods for outlier handling and sound use of statistical techniques including
bootstrapping to strengthen robust results (Field, 2013; Leys et al., 2019). In addition,
we planned, conducted, analyzed, and reported the SST in compliance to a field-wide
consensus guide proposed by Verbruggen et al. (2019), enhancing reliability and

comparability of collected data due to state-of-the-art methods.
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The experimental studies 2 and 3 comprise further methodological strengths apart from
conventions and standards, which are subsequently discussed jointly due to their
similar design. We applied strict experimental protocols with precise timings in both
studies to ensure standardized procedures and accurate results as well as to allow
comparability between studies. We also conducted power analyses prior to the start of
data collection based on previous findings about the ISE (e.g., Hung & Labroo, 2011;
Tuk et al., 2011) which were updated for study 3 after completion of study 1, indicating
a sufficient sample size to detect the intended effects. Furthermore, we incorporated
both, a neutral condition similar to the ISE condition but without active inhibitory control
as well as control groups comprising of participants with normal weight matching on
age, proportion of female gender, years of education, and proportion of smokers to the
participants with overweight and obesity, for each study, enabling extensive
comparisons. Additionally, through the implementation of extensive and up-to-date
disorder-specific and general diagnostic interviews and online-questionnaires before
participation as well as VAS about actual states (e.g., hunger, stress, sleepiness)
during the experiments, we examined possible influences on results by mental
disorders or current states. Furthermore, as the female cycle in naturally cycling
women has an impact on food intake (e.g., Buffenstein, 1995), we determined the
ovulation in women with a natural cycle with the help of ovulation sticks and executed
experiments only in the luteal phase post ovulation but before the next menstruation,
thereby reducing distortion of results. Additionally, by means of the breakfast with an
“ad-libitum” instruction (i.e., to eat until satiated) but limited size, similar to other studies
with participants with normal weight and overweight (e.g., Schroeder et al., 2022), we
reached an individually different sufficient meal size with a comparable mean between
weight groups. Furthermore, BTT and SST can be considered “gold standards” as
measures for laboratory studies about psychology of eating as well as response
inhibition (e.g., Dykstra et al., 2020; Epstein et al.,, 2016; Robinson et al., 2017;
Verbruggen et al., 2019; Weber et al., 2023), ensuring a precise measurement of the
constructs. Moreover, the BTT is an ecological highly valid outcome measure
(Robinson et al., 2017), was adapted from previous versions (Hallschmid et al., 2012;
Svaldi et al., 2014), and conducted in accordance to recommendations by Robinson et
al. (2015). In addition, we implemented manipulation checks to ensure accurate
execution of tasks as well as to control for intended effects on a second dimension

besides outcome level. Finally, through remotely similar but still distinct induction
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methods between study 2 and study 3 as well as with the same induction method but
different outcome measures applied in study 3, we allowed comparisons between and
within studies and were able to examine the incorporation of the ISE from various

perspectives.

Apart from strengths, there are of course also limitations of the studies in this
dissertation. Regarding study 1, the categorization of the different induction types was
made a-priori of data collection, therefore bottom-up, relying only on studies known
prior to conduction of study, and may be subject for debate. For instance, inhibition by
SST was coded as cognitive induction with clear contrast to coarse motor inhibition
(e.g., lift heels off the floor), but of course also including an aspect of motor control as
fingers must controlled to solve the task. Furthermore, categorization of induction types
was distinct from previous work of Tuk et al. (2015), thereby hampering comparison
between studies. Also, studies in the meta-analysis that used attention as ISE
induction were conducted exclusively by one work group (Tuk et al., 2015) and since
‘work group” was a significant moderator, this may limit generalizability of attention
induction of the ISE. For both, study 2 and study 3, similar limitations are present, that
is that participants in the OW groups were rather overweight than obese according to
mean BMI of the OW group in each experiment. This may have lowered possible
inhibition deficits and, therefore, impact results as inhibition capability and BMI are
negatively corelated (Houben et al., 2014) and participants with obesity differ from
participants with normal weight in terms of general executive functioning, whereas
participants with overweight do not (Yang et al., 2018). Additionally, as participants
with obesity show impaired inhibitory control (e.g., Nederkoorn et al., 2006) in late
segments of SSTs being significantly longer than the SST incorporated in study 3, the
SST used in study 3 may have been too short to display pertinent differences between
samples. Furthermore, BTT with food intake of snacks was conducted in the morning,
which is a rather unusual time for both sweets and salty snacks (Reichenberger et al.,
2018) and may have influenced food intake, which is indeed relatively low (e.g., in
comparison to Hallschmid et al., 2012). Finally, we were not able to monitor for stable
execution of inhibition during experiments, which would have allowed more insight. A
concluding consideration and outlook for future research is provided in the next and

final section.
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3.4 Conclusion and Outlook

Overweight and obesity are worldwide increasing phenomena with tremendous
negative physical, mental, social, and financial consequences, and limited effects of
classic behavioral treatments (Dombrowski et al., 2014; Finer, 2015; NCD Risk Factor
Collaboration, 2016; Roberts et al., 2003; Wyatt et al., 2006). In an obesogenic
environment reduced inhibitory control plays an important role for the emergence and
maintenance of overweight and obesity whilst effects of classic ICT on inhibitory control
on eating behavior and food intake are somewhat small (Cohen, 2008; de Klerk et al.,
2022; Wolz et al., 2020; Yang et al.,, 2019). The ISE is a new approach for the
improvement of inhibitory control capacity with promising results through concurrent
execution of inhibitory control induction task and outcome measure to which inhibitory
control is supposed to spillover (Tuk et al., 2011, 2015). However, the magnitude of
ISE and its different induction methods is somewhat unclear due to only limited
knowledge over the range of existing findings as studies may incorporate the ISE
without the intention to do so. Further, research about the ISE so far was conducted
solely with participants with normal weight, and scarce with regard to the possibility of

influencing eating behavior (e.g., Tuk et al., 2015).

The present dissertation aims to address this research gap by examine the magnitude
of ISE and different induction subtypes, and subsequently employ this new knowledge
to apply ISE to influence eating behavior in a BTT or reaction to food stimuli in an SST
in participants with overweight and obesity. The work confirmed the ISE as substantial
and robust effect and revealed cognitive induction as the most powerful induction
domain. However, administration of ISE by means of thought suppression showed a
reversed inhibition effect with increased food intake in the ISE condition compared to
a neutral condition. Furthermore, application of ISE by means of cognitive priming
yielded no significant difference between ISE condition and neutral condition,
regardless of measured by food intake or reactions to food stimuli. In both experiments,
participants with overweight and obesity did not benefit substantially more than

participants with normal weight.

Therefore, the present work substantially expands knowledge about the new
phenomenon ISE, both theoretically and practically by detecting, comprising, and
summarizing existing literature about the ISE, even if not designated to research about
the ISE, and further applying the ISE in research with participants with overweight and
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obesity for the first time. Thereby, practical hurdles in the implementation of the ISE,
such as unexpected side effects of induction methods, as well as feasibility of the
applied and newly developed approach to induce the ISE, attracted attention, enriched

common knowledge, and will be discussed in the next paragraph.

Based on the presented results, new insights were produced and further approaches
emerged, fertilizing future research. First, with regard to the findings concerning the
magnitude of the ISE and in the two experimental studies, future research has to
examine influences of circumstances, necessary requirements, and useful induction
methods to allow ISE to enhance inhibitory control best and most effectively. Having
said this, it is important to mention the hurdle to integrate induction methods of the ISE
that allow stable concurrent execution during another task as a major challenge. Also,
there may be different induction procedures suitable for specific behavioral outcome
(e.g., increase self-control at shopping in a full and noisy store versus shopping online).
Therefore, future research should systematically test and vary combinations of
induction, outcome tasks, and outcome difficulty in order to select appropriate induction
methods for different situations and behaviors. Moreover, in the course of more
research about the ISE, theory advancement of the ISE is necessary to allow the
development of feasible and probably task-dependent induction methods. Similarly,
future research comprehensively considering several different ISE findings may
investigate and define more fine-grained subgroups of induction methods as this was

subject of debate in the present work.

More specifically, there are several aspects for future research that demand attention
when studying the ISE: As only study in the meta-analysis in study 1 reported the BMI
of participants and inhibitory control is influenced by BMI (e.g., Houben et al., 2014),
future studies should by default measure and report the BMI. Also, as all studies
administering attention induction in the meta-analysis in study 1 came solely from one
work group, future research should validate and replicate findings. Additionally, there
is the need to further disentangle the role of duration and demand, as duration of the
procedure was a significant moderator in study 1 and examination of the features of
the studies contributing to this significant moderator suggested an impact of task
difficulty. Another finding from the meta-analysis was a moderate concern for bias in
the results due to a lack of preregistration prior to data collection and analysis which is
a quality criterion of up-to-date psychological research (Nosek et al., 2018). Therefore,

it is recommended to regularly preregister studies about the ISE. One other major
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limitation of the presented work concerned continuous concurrent execution of
inhibition by means of the induction task which is important for a successful spillover
of inhibition. However, we were neither able to control for possible task switching,
entailing a negative impact (Kiesel et al., 2010) nor to monitor maintenance the
execution of inhibition which should be assured in future research, for example, with
intermittent queries. Also, as participants in the present work were more overweight
than obese and BMI is negatively corelated with inhibition capacity and predicts
different overall executive functioning (e.g., Batterink et al., 2010; Yang et al., 2018),
future studies should conduct research with a sample solely consisting of participants
with obesity to further enrich knowledge. Furthermore, as participants with overweight
and obesity have difficulties maintaining inhibitory control specifically in later segments
of the SST and the SST applied in this work was comparably short (see Nederkoorn et
al., 2006 for a comparison), future research of food-specific inhibitory control should
use SSTs with longer task duration to increase possible impairments which are
worthwhile targets to influence. Finally, as preferred timing for sweet and salty snacks
is later in the day (Reichenberger et al., 2018), food intake in future studies should be

scheduled accordingly.

From a clinical and practical perspective, ISE is an interesting approach to develop
new ways to improve inhibition in individuals with inhibition impairments. The present
work may help to stimulate and guide towards useful and promising concepts. As a
short induction by adjectives in study 3 did not yield success, a longer and more in-
depth activation may be necessary, i.e., as a structured training over a longer time
period. Additionally, as the induction of ISE as well as its probable practical applications
are feasible without expensive equipment or special conditions, it may be suitable for
inpatient as well as outpatient and also online treatment. Finally, as the ISE does not
involve the incorporation of potentially burdensome material (i.e., pictures of food or
alcoholic beverages that are probably associated with loss of control, shame, and
guilt), the ISE provides an interesting possibility to develop new ways to help patients

who have difficulties to engage with such material.

In summary, the ISE is a promising new approach to improve inhibitory control and the
studies presented in this dissertation showed both, solidity and a wide methodological
spectrum of research about the ISE already conducted, as well as limits when
conducting research in a new field and with new concepts for the induction of ISE.

Therefore, future research may learn and adapt from the work presented here, for
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example, by monitoring continuous concurrent execution of inhibition, or by combining
different induction methods in different situations, such as consciously activating
attention control while choosing at a buffet in comparison to shopping at a grocery
store. The ISE can help individuals to enhance their inhibitory control but, based on
the finding that we were not able to successfully implement the ISE in participants with
overweight and obesity to change their eating behavior or underlying food-specific
inhibitory control, needs more fundamental research about basic functioning of the ISE
and feasibility of different induction methods, possibly leading to effective and powerful

new opportunities.
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Impaired inhibitory control is a core transdiagnostic mechanism in psychopathology. Directly targeting
inhibitory control in intervention studies has, however, produced only little improvement. Recently,
promising improvements in inhibitory control were shown by capitalizing on the inhibitory spillover
effect (ISE). The central requirement of ISE is a simultaneous execution of two tasks, allowing for improved
inhibitory control in the target task when control is simultaneously recruited in an induction task. The
magnitude of the ISE remains to be assessed. In this preregistered meta-analysis, we synthesized eligible
data from studies across psychology with the central requirement of simultaneity; thus, we deliberately
included also studies meeting this requirement without the explicit aim to investigate the ISE. Results
confirmed previous evidence of the ISE and documented a statistically significant small effect size (g =
0.27). Of the different induction types, cognitive induction showed the largest effects, whereas physiologi-
cal and attentional induction tasks were less effective. In contrast, motor induction did not result in a
significant ISE. Due to high between-study heterogeneity, we analyzed several preregistered and explor-
atory moderators, out of which only duration of the experimental sequence, group affiliation, and planned
investigation of the ISE were significant. Sensitivity analyses yielded no indication of a publication bias.
Taken together, this meta-analysis suggests that the ISE is a small, but substantial and robust effect. Future
research should investigate how the ISE is applied best to reap its practical value in new treatment

approaches for individuals with inhibition impairments.

Keywords: inhibitory spillover, inhibition, self-control, meta-analysis, publication bias
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Theoretical Background

For the development and maintenance of psychological well-being,
itis crucial to have the ability to inhibit behavior that may serve short-
term goals but is harmful from a long-term perspective (Hofmann
et al., 2014). For example, occasionally resisting omnipresent sweet
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temptations may be difficult but crucial for maintaining long-term
control over one’s weight. This ability to interrupt already initiated
behaviors, impulses, or thoughts in the service of higher order goals is
the process of inhibitory control or inhibition (Diamond, 2013;
Inzlicht et al., 2014) and is considered a crucial aspect of the more
broadly defined self-control/cognitive control functions (Diamond,
2013; Muraven et al., 2006).

Of note, impaired inhibitory control can be considered a transdiag-
nostic maintenance factor across different psychological disorders,
such as attention-deficit/hyperactivity disorder (Lijffijt et al., 2005),
bulimia nervosa (Wu et al., 2013), binge eating disorder (BED; Svaldi
et al., 2014), obsessive—compulsive disorder (Abramovitch et al.,
2013), schizophrenia (Lipszyc & Schachar, 2010), and substance
use disorder (Smith et al., 2014), as well as behavioral problems
and addictions such as gambling disorder (Chowdhury et al., 2017),
internet gaming disorder (Argyriou et al., 2017), compulsive buying
(Derbyshire et al., 2014), and exercise addiction (Huang et al., 2019).
Consequently, the improvement of inhibitory control has been a target
in several intervention and prevention studies.

Despite the effort to improve inhibitory control by treatments that
directly target response inhibition, results on their efficacy, at large,
have been mixed (e.g., Jones & Field, 2020). For example, some
studies found an improvement with regard to alcohol consumption
and eating behavior (Allom et al., 2016; Houben & Jansen, 2011),
whereas others reported no effects in subsequently measured con-
sumption but in subjective reports for the following week (Houben
etal., 2011) or the effect vice versa (Jones & Field, 2013). Finally, a
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recent meta-analysis revealed a small effect of inhibition training on
eating behavior (Yang et al., 2019). Hence, enhancement strategies
for significantly and reliably improving the effectiveness of inhibi-
tory control trainings are of high practical interest.

Recently, the idea has been advocated that inhibitory control may
spread across domains dependent on timing, a phenomenon termed
“inhibitory spillover” (Berkman et al., 2009). For instance, in a
series of experiments, Tuk et al. (2011) demonstrated an inhibitory
spillover effect (ISE) from peripheral vegetative control (i.e., bladder
control) to the behavioral domain (i.e., interference control in a
simultaneously performed Stroop task or improved suppression of
immediate vs. delayed reward choices). Thereby, ISE is not confined
to the peripheral vegetative system (see Table 1, for an overview of
different induction types). Likewise, the intentional inhibition of a
motor response in an emotional go/no-go task has been shown to
spill over to the emotional domain as evidenced by reduced amyg-
dala activation (Berkman et al., 2009). Furthermore, inhibitory
control has been shown to spill over from the visceral to the
cognitive impulse domain and to complex behavior (Fenn et al.,
2015; Tuk et al., 2011), from the attentional domain to food
consumption (Tuk et al., 2015), and from thought control to choices
(Tuk et al., 2015). Therefore, ISE can be considered as a domain-
general phenomenon.

Of note, a range of studies have addressed the ISE phenomenon
without explicitly using the term itself. In fact, in order for ISE to
occur, effects of a simultaneously performed inhibitory control task
on a target domain are critical and can be contrasted with both the
subsequent performance of tasks and the concurrent performance of
multiple tasks that do not involve inhibitory control. Both con-
stellations have been shown to generally impair performance (e.g.,
Blaywais & Rosenboim, 2019; Tuk et al., 2015).

Even though manifestations of the ISE can vary broadly, they can
be linked to the same neurological areas such as the inferior frontal
cortex (IFC), the anterior cingulate cortex (ACC), and the presup-
plementary motor area (preSMA; Aron et al., 2014; Berkman et al.,
2009; Chikazoe et al., 2007; Tabibnia et al., 2011; Watanabe et al.,
2015). Notably, there is some overlap between activated brain
structures during ISE and the neural network of inhibitory control
(e.g., inferior frontal gyrus [IFG], preSMA), but at the same time,
other regions (e.g., ACC) are involved that may point to an impor-
tant role of additional, more general cognitive control networks
(Berkman et al., 2009; Botvinick et al., 2001). These observations

Table 1
ISE Induction Types

strengthen the assumption that inhibitory control is operative
through a neural network that is active regardless of form or type
of inhibitory control. From a theoretical perspective, thus, the
existence of such an overarching ISE network should enable the
improvement of inhibitory control even without explicitly targeting
the specific domain (e.g., food-related inhibition in BED). With this
mode of operation, the ISE contrasts to the most common inhibitory
control trainings (e.g., go/no-go or stop-signal training), which
explicitly train inhibition in the targeted domain. For example, in
a conventional inhibitory control training (e.g., Veling et al., 2011)
based on the stop-signal task (SST), participants were instructed to
repeatedly withhold their responses to specific food stimuli, which
led to specific training effects but little generalization. The mechan-
isms of such inhibitory control trainings are still under debate but
may particularly involve changes in associations between cues and
inhibition as well as transfer (e.g., Jones & Field, 2020). In contrast,
ISE and potential ISE trainings could have an effect on eating
behavior even without the participant engaging in eating-related
inhibition. Furthermore, in contrast to inhibitory control training, in
which, for example, associations are trained beforehand to possibly
transfer to everyday situations later on, ISE works in the actual
situation via the targeted activation of the overall inhibition network.
Thus, ISE could provide an alternative approach to alter inhibitory
deficits in various populations. Notably, to date, no implementation
of ISE as a training exists.

Of importance, the ISE is theoretically distinct from the limited
resource model (Muraven & Baumeister, 2000), which advocates
that the depletion of limited self-control resources by execution
of a certain task sequentially leads to a reduced ability to control
one’s impulses, a state termed ego-depletion. Theoretically, the
ISE circumvents some of the weaknesses associated with the
limited resource models like the evolutionary implausible
assumption of a limited and inflexible self-control resource
(Carter & McCullough, 2014; Hagger et al., 2016; Inzlicht
etal., 2014; Schimmack, 2012) by postulating that the concurrent
execution of self-control can increase (rather than decrease) self-
control in an unrelated domain. That is, the boundary conditions
allowing ISE to be observed are linked to a specific arrangement
of tasks.

Given the lack of inhibitory control in several psychological
disorders (e.g., Lijffijt et al., 2005; Smith et al., 2014; Wu et al.,
2013) and the rather small effects of inhibitory control trainings

Induction type Description

Example task (study)

Definition of induction

Attentional induction Control of one’s attention

Cognitive induction Control of one’s cognitive

processes

Motor induction Control of one’s behavior

Avoid looking at ad banners on a screen
(Tuk et al., 2015; Experiment 9)

As part of a computer task, stop choice
reaction, when signal appeared
(Verbruggen et al., 2012;

Experiment 1)
Walk in a challenging walking environment

Deliberate control of gaze and eye movement
is required

Fast responding to stimuli, as part of a
(computerized) task that requires cognitive
and motor inhibition

Continuous implementation of a motor activity

(Stockel & Mau-Moeller, 2020)

Physiological Control of one’s physiology Adhere urine with a full bladder Continuous suppression of physiological
induction (Tuk et al., 2011; Experiment 2) responses after an experimental induction of
a physiological need
Note. ISE = inhibitory spillover effect.
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(Allom et al., 2016), there is a high need for new ways of improving
inhibitory control. The ISE could potentially serve this goal. How-
ever, the effectiveness and generality of ISE have yet to be
determined.

The present preregistered meta-analysis aims to quantify the
overall magnitude of the ISE and to identify possible moderators
through a comprehensive and integrative search strategy. As much
as permitted by the available literature, we intended to include self-
report facets of inhibition but also clinically relevant variables. Since
overweight and obesity are associated with weaker inhibition
capabilities (Lavagnino et al., 2016; Svaldi et al., 2015), we were
particularly interested in the moderation of ISE by body mass index
(BMI). Moreover, based on previously published work, the behav-
ioral inhibition system (BIS), the duration of the experimental
sequence (start of the manipulation until end of the outcome
measure), and the study location (laboratory/online/real-life setting)
were considered. Since the ISE can be applied over a wide range of
behaviors and tasks (e.g., Tuk et al., 2015), it seemed necessary to
consider its impact over several heterogeneous domains. For a more
precise allocation of potential effects and a more in-depth analysis of
the ISE, we considered different “induction types” (see Table 1) as
the procedures to induce inhibition, such as physiological or atten-
tion control. We here classified induction types according to their
most prevalent features (see definitions in Table 1) and investigated
meta-analytically whether these distinctions were meaningful in a
moderator analysis.

Moreover, as the ISE has not only been associated with improved
inhibitory control but also bears the disadvantage of being depen-
dent on the amount of working memory allocated to one of the two
tasks (e.g., Tuk et al., 2015), the identification of moderators will
help to identify conditions under which the use of the ISE may be
more or less successful.

The commonality of the included studies is the unintentional transfer
of inhibitory control from one domain to an unrelated domain. As a
meta-analytic approach allows a robust overview over a field of
research (Gurevitch et al., 2018), it is a suitable approach for the
estimation of the overall strength of the ISE. In contrast to the internal
meta-analysis by Tuk et al. (2015), the present meta-analysis includes
articles from several laboratories as well as articles that did not
explicitly use the term “ISE” but, nevertheless, had participants conduct
two inhibitory tasks simultaneously in different domains. Therefore,
this meta-analysis is intended to provide a comprehensive overview
over the possible impact of ISE.

Method

This meta-analysis was conducted following the preferred report-
ing items for systematic reviews and meta-analyses (PRISMA)
statement (Liberati et al., 2009). Before the start of the literature
search, the study protocol was preregistered on the Open Science
Framework in April 2020 (https://osf.io/f36ug). In the following, we
deviated from the preregistration in four aspects: First, we reduced
the search terms due to ambiguous and overblown results (more than
60 k hits). Second, we changed the risk of bias assessment proces-
sing from two authors processing consecutively to equally distrib-
uted processing. Given a low prevalence of manipulation checks we
kept studies without manipulation checks but explored their impact.
Finally, throughout the analysis process, we added new exploratory
moderators to resolve high heterogeneity in the results.
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Search Strategy

In order to find a wide range of studies that addressed ISE, we
performed an extensive literature search. In accordance with Bramer
et al. (2017) and the suggestions of the Harvard Library (2020), we
searched several online databases: Pubmed, the Cochrane Central
Register of Controlled Clinical Trials, https://ClinicalTrials.gov,
Web of Science, American Psychological Association PsycINFO,
and OpenGrey. Moreover, we also considered the databases Google
Scholar and PsyArXiv: Following the recommendation in Bramer
et al. (2017), we considered the first 200 relevant references in
Google Scholar; for PsyArXiv, we reduced this number to the first
50 relevant references. The databases were searched with the
following key words: “inhibitory spillover,” “self-control spillover,”
“inhibition simultaneous task,” “inhibition concurrent task,” “self-
control simultaneous task,” “self-control concurrent task,” “inhibi-
tion transfer task,” “self-control transfer task.” All searches were
performed on the April 17, 2020. An update of the literature research
was conducted on March 19, 2021. We considered all publications
until that date in the screening. In addition, we screened citations and
reference lists of relevant studies for further eligible publications.

Study Selection, Inclusion, and Exclusion Criteria

Deduplication was performed with the help of the Systematic
Review Assistant-Deduplication Module (Rathbone et al., 2015)
and the deduplication function of the program Zotero (Corporation
for Digital Scholarship, 2021). Titles and abstracts of the remaining
literature were screened with the help of the web-based program
Abstrackr (Wallace et al., 2012).

In this study, inhibitory spillover was defined as inhibitory control
actively recruited in one domain while simultaneously performing
inhibitory control in a second, unrelated domain, which serves as the
outcome measure. Studies were excluded if this definition of
inhibitory spillover was not fulfilled either during abstract or full-
text screening.' Studies or groups were also excluded if additional
tasks or manipulations were present. After the screening of titles and
abstracts, each remaining article got a unique identifier to allow
tracking and was saved in an Excel spreadsheet.

In line with the preregistration, the following criteria were applied
for the full-text screening: The study had (a) to exclusively involve
humans and (b) to use an experimental or observational design.
(c) In an experimental design, inhibition had to be manipulated
through the effect of inhibitory spillover (definition see above) and
compared to a control group (without inhibitory spillover). In an
observational design, different quantities of inhibitory spillover had
to be measured in a suitable outcome (e.g., performance in a delay
discounting task). (d) In an experimental design, participants had to
be randomly assigned to one of the two groups. (e) The study had to
quantify the effect of inhibitory spillover as inhibitory control in a
measurable outcome. The study had to (f) contain complete infor-
mation about the process of the experiment or observation in order to
guarantee the occurrence of an ISE as well as (g) adequate statistical
and sample size information. In case of missing relevant statistical
and sample size information, corresponding authors were contacted.

! Note that there are different opinions in regard to the definition of
inhibition. Reanalyses using other characterizations are enabled by the data
and script sharing of the present article.
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We considered all peer-reviewed publications and gray literature
in English and German language.

Screening and data extraction were performed by three research-
ers: one (JV) screened the records found, a second researcher (PS)
checked the decisions, and a third researcher (JS) decided in any
case of disagreement. Reasons for exclusion were recorded and
specified.

Data Extraction

We extracted the following information from full-texts and
Supplemental Materials: study authors, publication year, publica-
tion journal, number of experiments, study location (laboratory,
web-based, or real), type of study (experimental or observational),
number of manipulation and control groups, number of participants
in total and per group, M and SD of the BMI in total and per group, M
and SD of age in total and per group, distribution of gender in total
and per group, types and descriptions of manipulation and control
tasks, number of manipulation and control steps, types and descrip-
tions of manipulation checks, results of manipulation checks, M and
SD of BIS scores (Carver & White, 1994) in total and per group,
types and descriptions of outcome measures, results of outcome
measure including statistics allowing calculations of effect sizes
(ESs), duration of experiment in minutes from start of the manipu-
lation until end of the outcome measure.

We coded and standardized the direction of the outcome measure
(i.e., whether a higher value in the outcome represents improved vs.
impaired inhibition performance). If the respective article reported
more than one experiment, the experiments were regarded sepa-
rately in a multilevel approach. If the distribution of participants
between the conditions was not specified, equal distribution was
assumed. If possible, the duration of the experiments was estimated
based on time specifications in the descriptions of the sequences.
During the analysis process, different ISE induction types were
classified and we allocated the respective experiments according to
the four subtypes identified: attention, cognitive, motor, and physi-
ological induction (see Table 1).

Risk of Bias Assessment

The risk of bias was evaluated with the Cochrane Collaboration’s
tool for assessing risk of bias in randomized trials (RoB 2; Sterne
et al., 2019). With the help of RoB 2, literature can be evaluated
regarding the randomization process, deviations from intended
interventions (e.g., systematic differences between intervention
assignments), missing outcome data, measurement of the outcome,
and selective reporting of result. Also, an overall index of bias is
calculated. Every domain is judged with either “low risk,” “some
concerns,” or “high risk,” whereas the overall bias is dependent on
the lowest rating in any of those domains. Two authors (JV and PS)
independently executed the ratings for the respective studies, a third
author (JS) was consulted to resolve disagreements.

Confirmatory Analysis

We extracted ES to evaluate the magnitude, significance, and
moderators of the ISE. For experimental designs, ES were calculated
as the standardized mean differences for contrasts between manip-
ulation conditions (concurrent recruitment of inhibitory control)
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versus control condition (as implemented in the respective studies,
e.g., concurrent idle task). ESs for correlational designs were
calculated as the correlation coefficient between outcome and
predictor. If mean values or standardized mean differences were
not available in the original literature, authors were contacted, or
other statistical data such as z- or ¢ values were transformed. In two
cases, multiple 7 values for right and left amygdala were provided for
the same comparison. Here, we chose the smaller value as a
conservative estimate. If correlations among measures were not
mentioned in within-design studies, the trials were handled as
between-group comparisons. For observational studies and if out-
come values were presented as R, respective results were trans-
formed into Fisher’s z-transformed correlation coefficient (Zr) and
then into Cohen’s d (following Borenstein et al., 2009). We only
included one experiment with an observational design for which the
ES was extracted from a simple linear regression model. Therefore,
the estimation of the ES was unbiased, which would not be the case
for an ES from a regression with multiple variables. Finally, all
values were transformed from Cohen’s d in Hedges’ g with 95%
confidence intervals to correct for small-sample sizes (Borenstein
et al., 2009).

Following the recommendation of Cumming (2014), we used a
random-effects model and set up a first model including all ES. For
assessing possible outliers, we then independently used the methods
suggested by Viechtbauer and Cheung (2010) as well as the so-
called Winsorizing (Lipsey & Wilson, 2001). We compared the
results of the two techniques to decide carefully which outliers to
drop, following the procedure by Badr and Krebs (2013). As aresult,
three comparisons were dropped as outliers (Hung & Labroo, 2011:
Experiment 1, Experiment 2: comparison “clasp pen tightly vs. no
action,” Experiment 3: comparison “with willpower recruited”),
leaving 55 ES in the analysis.

The obtained final model was again set up as random-effects
model (Cumming, 2014). To appropriately model dependencies for
ESs that were obtained within studies and/or samples, we fitted a
three-level random-effects model that nested ESs within samples of
studies (Levels 1-3; Assink & Wibbelink, 2016; Cheung, 2014;
Harrer et al., 2021). Cluster-robust variance estimates (RVEs) of
sampling variances and hypothesis tests were calculated to account
for within-study dependence and small-sample corrections
(Pustejovsky & Tipton, 2022). Wald-type tests with RVEs were
used to assess the effect of predefined moderator variables
(Pustejovsky & Tipton, 2022). The reported results of the main
meta-analysis as well as the moderator analyses are based on the
cluster-robust variance estimation as outlined above. Heterogeneity
across study results was evaluated with Q, Tz, and P statistics
(Borenstein et al., 2009). A statistically significant Q value indicated
existing heterogeneity (Borenstein et al., 2009), and an F* value
>30% indicated a level of at least moderate heterogeneity in the ES
across the studies (Higgins et al., 2019). In case of moderate overall
heterogeneity (* value > 30%), subgroups for every induction type
(e.g., cognitive) were formed. Every subgroup had to contain at least
two experiments, following the example of Tuk et al. (2015).
Furthermore, we conducted several metaregressions to test the
moderating role of BIS, BMI, duration of the experiment, and study
location. For measuring the impact of the covariates, we used the
computation of R* as explained in Borenstein et al. (2009). To
control for publication bias, Egger’s test (following Borenstein
et al., 2009) as well as precision-effect test and precision-effect
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estimate with SE (PET-PEESE; Stanley & Doucouliagos, 2014)
were applied.

Exploratory Analysis

We noticed the lack of manipulation checks for some experiments
during the in-depth reading of the included studies. Instead of dropping
those studies following the inclusion criteria in the preregistration, we
decided to keep them and explore the presence versus absence of
manipulation checks as a potential moderator. We expected the presence
of manipulation checks as indicative of higher quality, thereby higher
ESs might be reported in studies without manipulation checks. More-
over, given the large heterogeneity, we post hoc decided to also explore
gender proportion of participants, work group affiliation, and whether
the study was designed to investigate the ISE as further moderators.

Transparency and Openness

We report how we determined all data exclusions in the study
and we follow the journal article reporting standards (Kazak,
2018). All data, analysis code, and research materials are available

VOHRINGER, SCHROEDER, HUTTER, AND SVALDI

at https://osf.io/uz4qm/. Data were analyzed using R, Version 4.1.1
(R Core Team, 2020), the metafor-package (Viechtbauer, 2010),
clubSandwich-package (Pustejovsky & Tipton, 2018), readxl-pack-
age (Wickham et al., 2019), the xlsx-package (Dragulescu & Arendt,
2020), and the zoo-package (Zeileis & Grothendieck, 2005).

This study’s design and its analysis were preregistered at
https://osf.io/f36ug.

Results

Final study selection led to the inclusion of 15 studies in the meta-
analysis, including a total of 58 ES estimates from 2,686 participants.
The PRISMA flowchart (Liberati et al., 2009) of the literature research
is presented in Figure 1. An overview of the descriptive characteristics
of all studies is provided in Table 2 and in Supplemental Table S1.

Meta-Analysis and Test of Heterogeneity

The overall ISE across all studies was small and significant, g =
0.267 (SE = 0.054, 95% CI = [0.133 — 0.401]), t =4.98, p < .001.
The model also revealed a large amount of residual heterogeneity,

Figure 1
PRISMA Flowchart
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0£(57)=200.5, p <.001, > (Level 3) = 76.8%, I* (Level 1/2) < 1%,
suggesting substantial variability between ESs, which indicated
high within-study heterogeneity.

Meta-Analysis for ISE Induction Types

Figure 2 displays ESs and CIs separately for each of the studied
induction types (attention, cognitive, motor, physiological). Sub-
group analyses for each induction type are presented in Table 3. The
results show varying mean ESs, which were descriptively largest for
the cognitive induction type, followed by the physiological and the
attention domain, and smallest for the motor domain (note that the
ISE was statistically not significant in this group).” Nevertheless,
consideration of induction type hardly reduced the residual hetero-
geneity, Qx(54) = 176.1, p < .001, P (Level 3) = 73.7%, I* (Level
12) < 1%.

Moderator Variables

To investigate the mitigation of the large heterogeneity in ISE
across studies, we investigated possible moderators. All moderator
tests are reported below. Out of the preregistered moderator vari-
ables, the consideration of sequence duration in the model was
significant and explained additional amount of variance. We
explored additional moderators post hoc. The work group from
which a study was originated and whether the study was designed to
investigate the ISE exhibited statistically significant effects.

Behavioral Inhibition System

The moderator BIS (k = 23 out of 55 ES) yielded no significant
moderating effect, Qy(df = 1) = 0.4117, p = .521.

Body Mass Index

Due to the low number of observations (k = 1), the moderation by
BMI could not be calculated.

Duration of the Experimental Sequence

The moderator duration of experimental sequence (k = 5) yielded
a significant moderating effect, On(df = 1) = 8.028, p = .005. The
analysis showed a nonlinear moderation of ISE by sequence dura-
tion (see Table 4). The amount of heterogeneity accounted for by
duration of the sequence as covariate (R%) was 72.52.

Study Location

The moderator study location (laboratory, online, or a real-world
setting; k = 55) yielded no significant moderating effect, Qy(df=2) =
0.075, p = .963.

Exploratory Moderators

As the meta-analytic results indicated large heterogeneity, we also
explored further moderator variables, namely gender proportion of
participants, the presence of manipulation checks, work group affili-
ation, and whether the study was designed to investigate the ISE.

Gender proportion of participants (k = 32) exerted no significant
moderating effect, Q(df = 1) = 1.308, p = .253.
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The presence of a manipulation check (k = 55) exerted no
significant moderating effect, Qy,(df = 1) = 0.767, p = .381.

Work group (k = 55) yielded a significant moderating effect,
Ou(df = 11) = 22.746, p = .019. The amount of heterogeneity
accounted for by work group as covariate (R*) was 22.89.

Whether studies introduced and declared to investigate ISE (k =
55) turned out to constitute a significant moderator, Qu(df = 1) =
7.113, p = .008. The analysis showed that the effect was signifi-
cantly larger when the investigation of ISE was explicitly intended.
The amount of heterogeneity accounted for by whether the study
was designed to investigate ISE as covariate (R*) was 15.43.

Sensitivity Analyses
Egger’s Test

The widely used “Egger’s test” uses a linear regression approach
in which the standard normal deviate is regressed against its
precision (Rothstein et al., 2005). Thereby, the null hypothesis
that no funnel plot asymmetry exists is tested. The Egger’s test
was not significant, indicating no funnel plot asymmetry, z = 0.63,
p = .527 (Figure 3).

Precision-Effect Test and Precision-Effect
Estimate With SE

PET-PEESE are more recent and parametric sensitivity analysis
approaches which use (squared) standard errors to predict ES with
weighted least squares (metaregression). This method was intro-
duced with regard to sensitivity analyses of the ego-depletion effect
(Carter et al., 2015). Comparable to trim-and-fill (Duval & Tweedie,
2000), also PET-PEESE provide a possibility to filter for potential
publication bias and can thus extend the conclusions from other
sensitivity analyses. In this meta-analysis, neither tests were statis-
tically significant, PET: B = —0.53, p = .11; PEESE: B = —0.48,
p=.52.

Risk of Bias

According to the risk of bias summary (RoB 2; Sterne et al.,
2019), only one out of 15 publications had a low risk, whereas the
remaining studies revealed some concerns, mostly due to possible
selection of reported results or the randomization process as there
was only one preregistered study (see Supplemental Table S1).

Discussion

The present meta-analysis examined the existence and dimension
of the ISE and its moderators. We therefore pursued the same goal as
Tuk et al. (2015), however, with a larger and more recent sample of
studies and a wider range of induction tasks. Additionally, and most
importantly, we also included studies with no original intention to

2 Note that the classification of the SST as a cognitive induction task may
be subject to debate because inhibitory control tasks also involve motor
stopping. Considering these tasks (i.e., four studies with SST or go/no-go
tasks) as motor induction tasks did indeed increase the ES of the subcategory.
However, its magnitude still did not reach significance (g = 0.18, SE = 0.16).
Exclusive consideration of studies with SST or go/no-go tasks instead
resulted in a medium-sized effect (g = 0.66, SE = 0.20).
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Author(s) (Year) [further details] N Estimate [95% CI]
Physiological induction )

Gundiiz, ... Ozkan Ceylan (under rev.) [High perceptual load] 40 |—-«—1 -0.05[-0.66, 0.56]
Gunduz, ... Ozkan Ceylan (under rev.) [Low perceptual load] 40 o I -0.74[-1.36, -0.11]
Gunduz, ... Cetinkaya (under rev.) - 180 L] 0.44[0.14, 0.74]
Zhao et al. (2019) [High BIS group/high vs. no inflation: Delay discounting] 17 pb—a— -0.80[-1.46, -0.14]
Zhao et al. (2019) [High BIS group/high vs. no inflation: Stroop] 17 : | | 1.12[0.43, 1.80]
Zhao et al. (2019) [High BIS group/moderate vs. no inflation: Delay discounting] 17 e -0.71[-1.36, -0.05]
Zhao et al. (2019) [High BIS group/moderate vs. no inflation: Stroop] 17 : e 1.80[1.03, 2.58]
Zhao et al. (2019) [Low BIS group/high vs. no inflation: Delay discounting] 18 e 0.76[0.10, 1.42]
Zhao et al. (2019) [Low BIS group/high vs. no inflation: Stroop] 18 e -0.34[-0.97, 0.30]
Zhao et al. (2019) [Low BIS group/moderate vs. no inflation: Delay discounting] 18 o | 0.69[0.04, 1.34]
Zhao et al. (2019) [Low BIS group/moderate vs. no inflation: Stroop] 18 ——e 0.34[-0.30, 0.97]
Tuk etal. (2011) [Experiment 3] 97 i 0.44[0.04, 0.83]
Tuk et al. (2011) [Experiment 2] 102 ] 0.43[0.04, 0.81]
Tuk etal. (2011) [Experiment 1] 176 —a— 0.28 -0.02, 0.58]
Stainer (2016) [Ten-itemed GNG] 30 N | 0.86[0.14, 1.58]
Stainer (2016) [Two-itemed GNG] 30 | | -0.33[-1.03, 0.37]
Stainer (2016) [Ten CRT] 30 e 0.57[-0.14, 1.29]
Stainer (2016) [Two CRT] 30 e 0.70[-0.01, 1.41]
Fenn et al. (2015) [Experiment 2: Bias] 118 = 0.60[0.41, 0.78]
Fenn et al. (2015) [Experiment 2: Accuracy] 118 =y 0.17 [-0.02, 0.36]
Fenn et al. (2015) [Experiment 2: Correct identifications] 118 = 0.58[0.39, 0.77]
Fenn et al. (2015) [Experiment 1: Control] 75 e -0.51[-0.84, -0.19]
Fenn et al. (2015) [Experiment 1: Confidence appearance] 75 N e | 0.49[0.25, 0.74]
Fenn et al. (2015) [Experiment 1: Anxiousness] 75 —=— 0.04 [-0.28, 0.36]
Fenn et al. (2015) [Experiment 1: Cognitive demand] 75 = 0.28[0.05, 0.50]
RE Model for Subgroup (Q = 115.34, df = 24, p = 0.00; IgeMee" =0.0%, Ifnmi" =87.2%) < 0.28[0.10, 0.45]
Motor induction

Hung & Labroo (2010) [Experiment 4: ,willpower not recruited] 33 | — | -0.47 [-1.13, 0.20]
Hung & Labroo (2010) [Experiment 4: ,willpower recruited*] 33 | e 0.89[0.16, 1.62]
Hung & Labroo (2010) [Experiment 3: ,willpower not recruited”] 48 P -0.06 [-0.61, 0.49]
Hung & Labroo (2010) [Experiment 2: ,loosen vs. control“] 47 I—-—| 0.17 [-0.55, 0.88]
Liebherr et al. (2018) & 72— H -1.06 [-1.55, -0.56]
De Sanctis et al. (2014) - 18 —— 0.01[-0.43, 0.45]
Stockel & Mau-Msller (2018) - 40 —=— 0.31[0.00, 0.63]
RE Model for Subgroup (Q = 29.24, df = 6, p = 0.00; lﬁetween =6.8%, Ifm" =36.9%) et -0.05[-0.87, 0.77]
Cognitive induction

Tuk et al. (2015) [Experiment 5] 51 —— 0.56[0.01, 1.11]
Verbruggen et al. (2012) [Experiment 1] 44 e 0.16 [-0.40, 0.72]
Stoycos et al. (2017) [Difference in conectivity] 23 = 0.88[0.48, 1.28]
Stoycos et al. (2017) [Amygdala activity] 23 —e 0.51[0.09, 0.94]
Berkman et al. (2009) [Difference in connectivity] 12 e 0.63[0.03, 1.22]
Berkman et al. (2009) [Difference in striatum activity] 12 : —.-— 1.67[0.79, 2.55]
Berkman et al. (2009) [Amygdala activity] 12 : s 1.02[0.33, 1.71]
Tuk et al. (2011) [Experiment 4] 131 e 0.41[0.06, 0.76]
Stevens et al. (2015) [Experiment 1] 64 - 0.20 [-0.29, 0.68]
RE Model for Subgroup (Q = 15.32, df = 8, p = 0.05; I;Mee" =18.5%, Iflilhin =7.7%) i 0.61[0.19, 1.03]
Attention induction :

Tuk et al. (2015) [Experiment 18] 94 e 0.31[-0.10, 0.71]
Tuk et al. (2015) [Experiment 17] 76 = 0.14[-0.32, 0.59]
Tuk et al. (2015) [Experiment 16] 46 P 0.01[-0.56, 0.58]
Tuk et al. (2015) [Experiment 15] 56 e 0.36 [-0.16, 0.87]
Tuk et al. (2015) [Experiment 14] 62 A 0.23[-0.27, 0.72]
Tuk et al. (2015) [Experiment 13] 60 e 0.43[-0.07, 0.94]
Tuk et al. (2015) [Experiment 12] 37 P -0.49[-1.13, 0.15]
Tuk et al. (2015) [Experiment 11] 74 = 0.04 [-0.42, 0.49]
Tuk et al. (2015) [Experiment 10] 69 e 0.04[-0.43, 0.50]
Tuk et al. (2015) [Experiment 9] 73 ] 0.48[0.03, 0.94]
Tuk etal. (2015) [Experiment 8] 81 —— 0.39[-0.05, 0.82]
Tuk et al. (2015) [Experiment 7] 113 —e— -0.18 [-0.55, 0.19]
Tuk et al. (2015) [Experiment 6] 72 [ ——— 0.41[-0.05, 0.86]
Tuk et al. (2015) [Experiment 4] 54 | —— 0.52[-0.01, 1.05]
Tuk et al. (2015) [Experiment 3] 83 ——y 0.14 [-0.29, 0.56]
Tuk et al. (2015) [Experiment 2] 104 —— 0.25[-0.14, 0.64]
Tuk et al. (2015) [Experiment 1] 63 [ — 0.31[-0.19, 0.80]
RE Model for Subgroup (Q = 16.20, df = 16, p = 0.44; Ifmmn =0.1%) <o 0.20[0.08, 0.33]
RE Model for All Studies (Q = 200.46, df = 57, p = 0.00; Igsme" =0.0%, Ivzmmn =76.8%) L 2 0.27[0.15, 0.39]

Hedges' G

Note. BIS = behavioral inhibition system; CRT = choice reaction time tests; GNG = go/no-go task; RE = random effects model. Due to low variance on

between-study level, confidence intervals for attention induction were calculated with two levels only (instead of three).

investigate the ISE which nevertheless conformed to the ISE design
of simultaneous execution of inhibition in two unrelated domains.

The overall results showed that the ISE had a small but substantial
effect across 15 empirical articles with 55 ESs, which extends the

82

results provided by Tuk et al. (2015) who integrated 18 ESs from a
single research program. The meta-analytic results confirm that the
execution of inhibitory control in one domain can unintentionally
and simultaneously spill over to another, unrelated domain.



adly.

S
ke
2
=
=)
Q
2
2
(S
Q
O
=
»
k=)
=
5}
2
=1

use of

tended solely for the persone

This document is copyrighted by the American Psychological Association or one of its allied publishers.

2]
5}
Q
2]
==

784 VOHRINGER, SCHROEDER,

Table 3
Restricted Maximum Likelihood (REML) Models for Inhibitory
Spillover Effect (ISE) Studies in Different Spillover Domains

P Estimate
Domain k Or (Level 3) (SE) t p
Attention 17 16.20 0.26 0.20 (0.01) 64.94 .0098
Cognitive 9 15.32 41.30 0.61 (0.15) 397 0151
Motor 7 29.24 80.33 —0.05 (0.22) —0.23 .8357

Physiological 25 115.34 87.19 0.28 (0.06) 322 0142

Note. I = percentage of variation across studies; Q = Cochran’s Q; SE =
standard error.

Specifically, ISE occurs across a range of induction types, albeit
with high variability. As such, cognitive induction (see Table 1) had
a medium spillover effect, while spillover effects instigated by
physiological and attentional induction were of small magnitude.
By contrast, induction within the motor domain yielded no signifi-
cant overall effect in our meta-analysis. There are several plausible
explanations for this observation: For instance, safety risks and the
amount of practice associated with a certain motor task (e.g.,
standing on one leg or clasping a pen between fingers) might
influence its potential impact on simultaneous inhibition perfor-
mance. Moreover, whereas almost all studies on motor and postural
control involve limbic and cerebellum structures (Surgent et al.,
2019), the successful implementation of ISE rather involves frontal
regions (e.g., Berkman et al., 2009). A cognitive induction of
inhibition (e.g., a go/no-go task, priming with cues) might thus
be the most powerful way to implement ISE, whereas induction of
inhibition with motor control had no consistent effect of inhibition in
other domains.

Considering all evidence, our investigation validates the assump-
tion of the spillover of inhibitory control in concurrent inhibition
tasks, as specified within the theory of ISE (e.g., Berkman et al.,
2009; Tuk et al., 2011). It further corroborates its distinctiveness
from the long-existing model of the depletion of self-control through
more than one self-control task (ego-depletion effect; Baumeister et
al., 1998). As previously emphasized (Tuk et al., 2015), the differ-
ence between the ego-depletion and inhibitory spillover approach
consists in the #iming of the self-regulatory task. That is, ego-
depletion effects have typically been observed on sequential tasks
(Muraven & Baumeister, 2000), whereas spillover effects have been
demonstrated on concurrent tasks. Of note, the robustness of the
ego-depletion effect has been extensively debated and criticized.
Some evidence suggests the ego-depletion effect might be substan-
tially smaller than previously implied (Hagger et al., 2010), others

Table 4
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found no convincing evidence of its existence (Carter &
McCullough, 2013, 2014; Carter et al., 2015; Xu et al., 2014).
Contrary to those findings, applying the same sensitivity analyses
(i.e., conventional funnel plot asymmetry tests and PET-PEESE),
we found no evidence of a publication bias for the ISE in the present
meta-analysis.

Notably, we observed a relatively large amount of between-study
heterogeneity. To identify the origins of this high heterogeneity, we
analyzed several possible predefined and exploratory moderators.
Of the hypothesized, preregistered moderators (BIS, BMI, duration
of the experimental sequence, and study location) only duration of
the sequence emerged as significant. Its moderating effect was
mainly driven by the result of one study (out of five), which had
a high negative ES and was of remarkably short duration (Liebherr
et al., 2018). In this particular study, motor inhibition induction was
applied in a balance task (standing on one leg for 10 min), which
might have led to a rapid and focused recruitment of posture control
in this highly demanding induction task. We speculate that the
spillover of inhibition might have been prevented by these specific
characteristics of the induction task (Liebherr et al., 2018), which
were also not intended to induce an ISE. Given the slight decrease in
ES for the longest duration, there is room for speculation whether
duration might impact the magnitude of ISE. However, because only
a very small group of studies reported the duration of their experi-
mental sequence, this observation must be treated with caution and
still requires an experimental confirmation with all other task
parameters kept constant.

As the meta-analysis by Tuk et al. (2015), the present meta-
analysis also included web-based investigations. The lack of a
moderator effect of study location coincides with the presence of
ISE in both lab-based and web-based study designs. This finding
corroborates recent evidence about the comparability of lab- and
web-based studies (Bridges et al., 2020) as well as the reproduc-
ibility of results across different paradigms (e.g., flanker task, Stroop
task) and settings (e.g., lab or web; Semmelmann & Weigelt, 2017).
Interestingly, the ISE was present also in real-world settings (Hung
& Labroo, 2011), which emphasizes the relevance of this phenome-
non, for example, for purchase decisions.

Unexpectedly, BIS did not act as a significant moderator in this
meta-analysis. Previous study results were inconsistent with regard
to the moderating role of BIS in research about the ISE: Whereas a
study concerning the impact of BIS on intertemporal choice showed
that participants with a higher BIS chose less immediate smaller
rewards (Zhao et al., 2019), another two studies were unclear about
the interplay of BIS and ISE (Tuk et al., 2011, 2015). Since very few
data points exist on this moderation, additional research into the
moderating effects of BIS in ISE is required. Notably, only one

Duration and Estimated Effect Size for Reporting Studies

Study Duration (minutes) Estimate (95% CI)

Stockel and Mau-Moeller (2020)

Tuk et al. (2011): Experiment 2

Tuk et al. (2011): Experiment 3
Giindiiz, Giindiiz, and Cetinkaya (2021)
Liebherr et al. (2018)

90 0.31 (0.00, 0.63)
60 0.43 (0.04, 0.81)
60 0.4 (0.04, 0.83)
90 0.44 (0.14, 0.74)
10 —1.06 (—1.55, —0.56)

Note. CI = confidence interval.
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study reported BMI for their respective participants. Since BMI is
negatively correlated with food-specific inhibitory control (Houben
et al., 2014), and the ISE has been investigated regarding its impact
on eating behavior (albeit without the assessment of BMI), more
research in this area is required.

Given the high heterogeneity in our results and the limited
influence of the predefined moderators, we additionally assessed
moderating effects of gender proportions of participants, presence of
manipulation checks, work group affiliation, and whether the study
was designed to investigate the ISE. Of these possible moderators,
work group affiliation and ISE design were statistically significant
moderators. The first moderation was traced back to two special
cases: one study (Berkman et al., 2009) measured neural activity in
response to ISE, the other (Liebherr et al., 2018) used a very brief,
demanding, motor induction (see above), suggesting that rather lab-
specific paradigms resulted in the moderation.” Possibly, the mea-
surement of neural activity might be particularly sensitive to the ISE,
while demanding motor activity rather impairs than improves
simultaneous task performance. Notably, these extreme study re-
sults are actually consistent with a neurocognitive understanding of
the right IFG with its tight connection to limbic regions as the origin
of ISE (Berkman et al., 2009). Moreover, ISE design (in comparison
to unintended ISE designs) clearly led to significantly larger effects.
Thus, specific requirements may be necessary to enable and opti-
mize the effectiveness of ISE, for example, in the precise and smooth
simultaneous execution of two tasks. Attention to these methodo-
logical details including potential moderators and exploratory sec-
ondary outcomes will be required in future studies. We also
recommend that researchers try to be as transparent as possible
about their procedural choices when documenting their research in
empirical articles to facilitate research into the ISE.

Several strengths and limitations of the present meta-analysis
need to be discussed. As a result of following the outlier procedure
by Badr and Krebs (2013), we had to exclude three highly influential
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outlier values. Following this technique, we can be safe that no
single studies exceedingly influenced our meta-analytic results and
sensitivity analyses. Results from Egger’s test and PET-PEESE
were consistently negative, and no indication of publication bias was
detected. These findings suggest that the ISE is a robust and
substantial effect. All subgroups for induction type consist of at
least seven ESs, which is sufficient according to different proposed
standards (e.g., Cumming, 2012; Fu et al., 2011) and substantially
more than in Tuk et al. (2015) which we originally used as
comparison level. Taken together, we are confident that our results
are not influenced by individual extreme ESs. Risk-of-bias analyses
revealed a broad spectrum of moderate or good quality for the vast
majority of studies. In most studies with moderate quality, this rating
exclusively emerged from a lack of preregistration, whereas in all
other categories, the studies were of high quality. This further
highlights the need for more preregistrations of experimental studies
in the domain of ISE as a high-quality criterion of contemporary
psychological research (Nosek et al., 2018). A post hoc exploratory
moderator analysis of risk of bias showed a borderline significant
result (see Supplemental Material S2 for details). Relatively lower
quality assessments yielded higher ES estimates compared to higher
quality assessments. Included experiments for the attention induc-
tion type exclusively came from a single work group (Tuk et al.,
2015), which calls for further validation of the magnitude of
attention induction and replication studies from other external
groups in general. Since work group was a significant moderator,
this may limit the generalizability of results regarding attentional
induction of the ISE. Last, the classification of induction types was
made beforehand, bottom-up, and was based on the existing het-
erogeneity in published studies that use simultaneous control. As an
example, we coded inhibition by the SST as a cognitive induction
of inhibitory control, as it clearly contrasts with gross motor
inhibition (e.g., walking in a challenging environment). This
notwithstanding, withholding a button press as required in the
SST is still one form of motor inhibition. Future studies should
therefore investigate ISE by defining more fine-grained sub-
groups of induction methods. For instance, there could be a
differentiation between “fine motor” and “gross motor” induction
in addition to or as replacement of the previously introduced
induction type categories.

What are the practical implications of the robust ISE? On the one
hand, practitioners could capitalize on the ISE to design new
treatment approaches for mental disorders and maladaptive beha-
viors characterized by impairments in inhibitory control. Especially,
because the effect needs no focus on the affected domain (e.g.,
eating behavior in BED) in order to increase inhibitory control,
reliance on the ISE could set a different focus than conventional
impulsivity trainings. Participants and patients could concentrate on
comparatively simple behavior such as the self-verbalization of
meaningful words, the recognition of visual cues, or the recruitment
of physiological self-control while improving their inhibition on the
individual problem behavior. However, there is a practical hurdle to
implement treatments which apply the ISE in a manner that two
tasks can be executed contemporaneously (e.g., control attention
while standing at a buffet). In contrast to conventional inhibitory
control training, which works through repetition and subsequent

3 When we removed studies from the two respective working groups, this
moderate was no longer significant.
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recall, ISE training would require practice of the exact timed appli-
cation of an appropriate task inducing inhibition simultaneously to the
critical behavior. Given these subtle differences between conven-
tional inhibitory control trainings and potential ISE trainings, research
about suitable tasks and application methods might be a big challenge.
In such investigations, recent recommendations about cognitive
training research in healthy volunteers and the overall lack of far
transfer effects should be kept in mind (Gobet & Sala, 2022).
Nevertheless, due to its unintentional nature, the ISE could be helpful
in situations in which rebound effects are often observed (e.g.,
intended weight loss; Wing & Phelan, 2005). While it remains a
challenge for researchers to find the most feasible experimental setups
to implement ISE in their research, our results can be understood as a
first indication of superior effectivity with cognitive induction, which
can be closely monitored in clinical populations. Having said this,
there is still a wide range of different manipulations in ISE with
varying effects on the targeted outcome.

Additionally to the effect of ISE in disorders characterized by
impairments in inhibitory control, there is also the need to discuss
the effect of ISE in disorders characterized by excessive inhibition,
for example, anorexia nervosa or obsessive—compulsive personality
disorder (Pinto et al., 2014; Weinbach et al., 2020). As inhibition is
not domain-specific, the ISE should also have an effect in terms of
unintentionally spilling over from controlled domains (e.g., eating)
to domains in which excessive control is actually not intended.
Future research will thus have to clarify in as far ISE is a maintaining
factor of disorders of excessive control. Furthermore, the link
between trainings for inhibition capabilities and ISE has to be
examined in more detail. The two approaches share some similari-
ties. This said, the aspect of timing is completely different: In
training studies (e.g., Houben, 2011; Houben & Jansen, 2011;
Veling et al., 2011), associations are first trained to later affect
behavior, whereas ISE works with simultaneous execution of two
tasks. Future research should further analyze both phenomena.

To sum up, results from our meta-analysis suggest that the ISE is a
small, but substantial and robust effect which leads to the simulta-
neous improvement of inhibition in an unaffected domain. There-
fore, ISE could be used to develop new treatment approaches for
individuals with inhibition impairments. Further research can inves-
tigate the superiority of cognitive induction in different populations,
disentangle the role of duration and demand, and more precisely
specify the methodological requirements of effective ISE induc-
tions. From the current point of view, ISE is a robust and auspicious
way to facilitate inhibitory control—even without the actual inten-
tion to do so.

References

Abramovitch, A., Abramowitz, J. S., & Mittelman, A. (2013). The neuro-
psychology of adult obsessive—compulsive disorder: A meta-analysis.
Clinical Psychology Review, 33(8), 1163-1171. https://doi.org/10.1016/
j.cpr.2013.09.004

Allom, V., Mullan, B., & Hagger, M. (2016). Does inhibitory control training
improve health behaviour? A meta-analysis. Health Psychology Review,
10(2), 168-186. https://doi.org/10.1080/17437199.2015.1051078

Argyriou, E., Davison, C. B., & Lee, T. T. C. (2017). Response inhibition
and internet gaming disorder: A Meta-analysis. Addictive Behaviors, 71,
54-60. https://doi.org/10.1016/j.addbeh.2017.02.026

85

VOHRINGER, SCHROEDER, HUTTER, AND SVALDI

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the
right inferior frontal cortex: One decade on. Trends in Cognitive Sciences,
18(4), 177-185. https://doi.org/10.1016/j.tics.2013.12.003

Assink, M., & Wibbelink, C. J. M. (2016). Fitting three-level meta-analytic
models in R: A step-by-step tutorial. The Quantitative Methods for
Psychology, 12(3), 154—174. https://doi.org/10.20982/tqmp.12.3.p154

Badr, H., & Krebs, P. (2013). A systematic review and meta-analysis of
psychosocial interventions for couples coping with cancer. Psycho-Oncol-
0gy, 22(8), 1688-1704. https://doi.org/10.1002/pon.3200

Baumeister, R. F., Bratslavsky, E., Muraven, M., & Tice, D. M. (1998). Ego
depletion: Is the active self a limited resource? Journal of Personality and
Social Psychology, 74(5), 1252-1265. https://doi.org/10.1037/0022-3514
.74.5.1252

Berkman, E. T., Burklund, L., & Lieberman, M. D. (2009). Inhibitory
spillover: Intentional motor inhibition produces incidental limbic inhibi-
tion via right inferior frontal cortex. Neurolmage, 47(2), 705-712. https://
doi.org/10.1016/j.neuroimage.2009.04.084

Blaywais, R., & Rosenboim, M. (2019). The effect of cognitive load on
economic decisions. Managerial and Decision Economics, 40(8), 993—
999. https://doi.org/10.1002/mde.3085

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2009).
Introduction to meta-analysis. Wiley. https://doi.org/10.1002/978047
0743386

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D.
(2001). Conflict monitoring and cognitive control. Psychological Review,
108(3), 624-652. https://doi.org/10.1037/0033-295X.108.3.624

Bramer, W. M., Rethlefsen, M. L., Kleijnen, J., & Franco, O. H. (2017).
Optimal database combinations for literature searches in systematic re-
views: A prospective exploratory study. Systematic Reviews, 6(1), Article
245. https://doi.org/10.1186/s13643-017-0644-y

Bridges, D., Pitiot, A., MacAskill, M. R., & Peirce, J. W. (2020). The timing
mega-study: Comparing a range of experiment generators, both lab-based
and online. PeerJ, 8, Article e9414. https://doi.org/10.7717/peerj.9414

Carter, E. C., Kofler, L. M., Forster, D. E., & McCullough, M. E. (2015). A
series of meta-analytic tests of the depletion effect: Self-control does not
seem to rely on a limited resource. Journal of Experimental Psychology:
General, 144(4), 796-815. https://doi.org/10.1037/xge0000083

Carter, E. C., & McCullough, M. E. (2013). Is ego depletion too incredible?
Evidence for the overestimation of the depletion effect. Behavioral and
Brain Sciences, 36(6), 683-684. https://doi.org/10.1017/S0140525X
13000952

Carter, E. C., & McCullough, M. E. (2014). Publication bias and the limited
strength model of self-control: Has the evidence for ego depletion been
overestimated? Frontiers in Psychology, 5, Article 823. https://doi.org/10
.3389/fpsyg.2014.00823

Carver, C. S., & White, T. L. (1994). Behavioral inhibition, behavioral
activation, and affective responses to impending reward and punishment:
The BIS/BAS Scales. Journal of Personality and Social Psychology,
67(2), 319-333. https://doi.org/10.1037/0022-3514.67.2.319

Cheung, M. W.-L. (2014). Modeling dependent effect sizes with three-level
meta-analyses: A structural equation modeling approach. Psychological
Methods, 19(2), 211-229. https://doi.org/10.1037/a0032968

Chikazoe, J., Konishi, S., Asari, T., Jimura, K., & Miyashita, Y. (2007).
Activation of right inferior frontal gyrus during response inhibition across
response modalities. Journal of Cognitive Neuroscience, 19(1), 69-80.
https://doi.org/10.1162/jocn.2007.19.1.69

Chowdhury, N. S., Livesey, E. J., Blaszczynski, A., & Harris, J. A. (2017).
Pathological gambling and motor impulsivity: A systematic review with
meta-analysis. Journal of Gambling Studies, 33(4), 1213-1239. https://
doi.org/10.1007/510899-017-9683-5

Corporation for Digital Scholarship. (2021). Zotero (5.0.96.2) [Computer
software]. https://zotero.org

Cumming, G. (2012). Understanding the new statistics: Effect sizes, confi-
dence intervals, and meta-analysis. Routledge, Taylor & Francis Group.



e of its allied publishers.

&

e American Psychological Association or on

yrighted by th

This document is cop
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

FACILITATION OF SIMULTANEOUS CONTROL?

Cumming, G. (2014). The new statistics: Why and how. Psychological
Science, 25(1), 7-29. https://doi.org/10.1177/0956797613504966

De Sanctis, P., Butler, J. S., Malcolm, B. R., & Foxe, J. J. (2014). Recalibration
of inhibitory control systems during walking-related dual-task interference:
A mobile brain-body imaging (MOBI) study. Neurolmage, 94, 55-64.
https://doi.org/10.1016/j.neuroimage.2014.03.016

Derbyshire, K. L., Chamberlain, S. R., Odlaug, B. L., Schreiber, L. R. N., &
Grant, J. E. (2014). Neurocognitive functioning in compulsive buying
disorder. Annals of Clinical Psychiatry, 26(1), 57-63.

Diamond, A. (2013). Executive functions. Annual Review of Psychology,
64(1), 135-168. https://doi.org/10.1146/annurev-psych-113011-143750

Dragulescu, A., & Arendt, C. (2020). xIsx: Read, write, format Excel 2007
and Excel 97/2000/XP/2003 files (0.6.5) [Computer software]. https:/
CRAN.R-project.org/package=xlsx

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analysis.
Biometrics, 56(2), 455-463. https://doi.org/10.1111/.0006-341X.2000
.00455.x

Fenn, E., Blandén-Gitlin, 1., Coons, J., Pineda, C., & Echon, R. (2015). The
inhibitory spillover effect: Controlling the bladder makes better liars.
Consciousness and Cognition, 37, 112-122. https://doi.org/10.1016/j
.concog.2015.09.003

Fu, R., Gartlehner, G., Grant, M., Shamliyan, T., Sedrakyan, A., Wilt, T. J.,
Griffith, L., Oremus, M., Raina, P., Ismaila, A., Santaguida, P., Lau, J., &
Trikalinos, T. A. (2011). Conducting quantitative synthesis when com-
paring medical interventions: AHRQ and the effective health care pro-
gram. Journal of Clinical Epidemiology, 64(11), 1187-1197. https:/
doi.org/10.1016/j.jclinepi.2010.08.010

Gobet, F., & Sala, G. (2022). Cognitive training: A field in search of a
phenomenon. Perspectives on Psychological Science. Advance online
publication. https://doi.org/10.1177/17456916221091830

Giindiiz, H., Giindiiz, T., & Cetinkaya, H. (2021). Inhibitory spillover effect:
Implicitly induced urinary urgency facilitates inhibition of unwanted
thoughts [Manuscript submitted for publication].

Giindiiz, H., Giindiiz, T., & Ozkan Ceylan, A. (2021). Higher inhibitory load
caused greater interference of distractors in selective attention task
[Manuscript submitted for publication].

Gurevitch, J., Koricheva, J., Nakagawa, S., & Stewart, G. (2018). Meta-
analysis and the science of research synthesis. Nature, 555(7695), 175—
182. https://doi.org/10.1038/nature25753

Hagger, M. S., Chatzisarantis, N. L. D., Alberts, H., Anggono, C. O.,
Batailler, C., Birt, A. R., Brand, R., Brandt, M. J., Brewer, G., Bruyneel,
S., Calvillo, D. P., Campbell, W. K., Cannon, P. R., Carlucci, M., Carruth,
N. P., Cheung, T., Crowell, A., De Ridder, D. T. D., Dewitte, S., ...
Zwienenberg, M. (2016). A multilab preregistered replication of the ego-
depletion effect. Perspectives on Psychological Science, 11(4), 546-573.
https://doi.org/10.1177/1745691616652873

Hagger, M. S., Wood, C., Stiff, C., & Chatzisarantis, N. L. D. (2010). Ego
depletion and the strength model of self-control: A meta-analysis. Psy-
chological Bulletin, 136(4), 495-525. https://doi.org/10.1037/a0019486

Harrer, M., Cuijpers, P., Furukawa, T. A., & Ebert, D. D. (2021). Doing
meta-analysis with R: A hands-on guide (1st ed.). Chapman and Hall/
CRC. https://doi.org/10.1201/9781003107347

Harvard Library. (2020). Databases and sources—Systematic reviews and
meta analysis—Research guides at harvard library. https://guides.library
‘harvard.edu/c.php?g=309982&p=2070465

Higgins, J. P. T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J.,
& Welch, V. A. (Eds.). (2019). Cochrane handbook for systematic reviews
of interventions (1st ed.). Wiley. https://doi.org/10.1002/9781119536604

Hofmann, W., Luhmann, M., Fisher, R. R., Vohs, K. D., & Baumeister, R. F.
(2014). Yes, but are they happy? Effects of trait self-control on affective
well-being and life satisfaction. Journal of Personality, 82(4), 265-277.
https://doi.org/10.1111/jopy.12050

86

787

Houben, K. (2011). Overcoming the urge to splurge: Influencing eating
behavior by manipulating inhibitory control. Journal of Behavior Therapy
and Experimental Psychiatry, 42(3), 384-388. https://doi.org/10.1016/j
.jbtep.2011.02.008

Houben, K., & Jansen, A. (2011). Training inhibitory control. A recipe for
resisting sweet temptations. Appetite, 56(2), 345-349. https://doi.org/10
.1016/j.appet.2010.12.017

Houben, K., Nederkoorn, C., & Jansen, A. (2014). Eating on impulse: The
relation between overweight and food-specific inhibitory control. Obesity,
22(5), E6-E8. https://doi.org/10.1002/0by.20670

Houben, K., Nederkoorn, C., Wiers, R. W., & Jansen, A. (2011). Resisting
temptation: Decreasing alcohol-related affect and drinking behavior by
training response inhibition. Drug and Alcohol Dependence, 116(1-3),
132-136. https://doi.org/10.1016/j.drugalcdep.2010.12.011

Huang, Q., Huang, J., Chen, Y., Lin, D., Xu, S., Wei, J., Qi, C., & Xu, X.
(2019). Overactivation of the reward system and deficient inhibition in
exercise addiction. Medicine and Science in Sports and Exercise, 51(9),
1918-1927. https://doi.org/10.1249/MSS.0000000000001988

Hung, I. W., & Labroo, A. A. (2011). From firm muscles to firm willpower:
Understanding the role of embodied cognition in self-regulation. The
Journal of Consumer Research, 37(6), 1046-1064. https://doi.org/10
.1086/657240

Inzlicht, M., Schmeichel, B. J., & Macrae, C. N. (2014). Why self-control
seems (but may not be) limited. Trends in Cognitive Sciences, 18(3), 127—
133. https://doi.org/10.1016/j.tics.2013.12.009

Jones, A., & Field, M. (2013). The effects of cue-specific inhibition training
on alcohol consumption in heavy social drinkers. Experimental and
Clinical Psychopharmacology, 21(1), 8-16. https://doi.org/10.1037/
20030683

Jones, A., & Field, M. (2020). Inhibitory control training. In A. Verdejo-
Garcia (Ed.), Cognition and addiction (pp. 271-276). Elsevier. https://
doi.org/10.1016/B978-0-12-815298-0.00019-8

Kazak, A. E. (2018). Editorial: Journal article reporting standards. American
Psychologist, 73(1), 1-2. https://doi.org/10.1037/amp0000263

Lavagnino, L., Arnone, D., Cao, B., Soares, J. C., & Selvaraj, S. (2016).
Inhibitory control in obesity and binge eating disorder: A systematic
review and meta-analysis of neurocognitive and neuroimaging studies.
Neuroscience and Biobehavioral Reviews, 68, 714-726. https://doi.org/10
.1016/j.neubiorev.2016.06.041

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Ggtzsche, P. C.,
Toannidis, J. P. A., Clarke, M., Devereaux, P. J., Kleijnen, J., & Moher,
D. (2009). The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: Explana-
tion and elaboration. Journal of Clinical Epidemiology, 62(10), el—e34.
https://doi.org/10.1016/j.jclinepi.2009.06.006

Liebherr, M., Schubert, P., Averbeck, H., & Brand, M. (2018). Simultaneous
motor demands affect decision making under objective risk. Journal of
Cognitive Psychology, 30(4), 385-393. https://doi.org/10.1080/20445911
.2018.1470182

Lijffijt, M., Kenemans, J. L., Verbaten, M. N., & van Engeland, H. (2005).
A meta-analytic review of stopping performance in attention-deficit/
hyperactivity disorder: Deficient inhibitory motor control? Journal of
Abnormal Psychology, 114(2), 216-222. https://doi.org/10.1037/0021-
843X.114.2.216

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. Sage
Publications.

Lipszyc, J., & Schachar, R. (2010). Inhibitory control and psychopathology:
A meta-analysis of studies using the stop signal task. Journal of the
International Neuropsychological Society, 16(6), 1064-1076. https:/
doi.org/10.1017/S1355617710000895

Muraven, M., & Baumeister, R. F. (2000). Self-regulation and depletion
of limited resources: Does self-control resemble a muscle? Psychological
Bulletin, 126(2), 247-259. https://doi.org/10.1037/0033-2909.126.2.247



e of its allied publishers.

&

e American Psychological Association or on

yrighted by th

This document is cop
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

788

Muraven, M., Shmueli, D., & Burkley, E. (2006). Conserving self-control
strength. Journal of Personality and Social Psychology, 91(3), 524-537.
https://doi.org/10.1037/0022-3514.91.3.524

Nosek, B. A., Ebersole, C. R., DeHaven, A. C., & Mellor, D. T. (2018). The
preregistration revolution. Proceedings of the National Academy of
Sciences of the United States of America, 115(11), 2600-2606. https://
doi.org/10.1073/pnas. 1708274114

Pinto, A., Steinglass, J. E., Greene, A. L., Weber, E. U., & Simpson, H. B.
(2014). Capacity to delay reward differentiates obsessive—compulsive
disorder and obsessive—compulsive personality disorder. Biological Psy-
chiatry, 75(8), 653-659. https://doi.org/10.1016/j.biopsych.2013.09.007

Pustejovsky, J. E., & Tipton, E. (2018). Small-sample methods for cluster-
robust variance estimation and hypothesis testing in fixed effects models.
Journal of Business & Economic Statistics, 36(4), 672—683. https:/
doi.org/10.1080/07350015.2016.1247004

Pustejovsky, J. E., & Tipton, E. (2022). Meta-analysis with robust variance
estimation: Expanding the range of working models. Prevention Science,
23(3), 425-438. https://doi.org/10.1007/s11121-021-01246-3

Rathbone, J., Carter, M., Hoffmann, T., & Glasziou, P. (2015). Better
duplicate detection for systematic reviewers: Evaluation of systematic
review assistant-deduplication module. Systematic Reviews, 4(1), Article
6. https://doi.org/10.1186/2046-4053-4-6

R Core Team. (2020). R: A language and environment for statistical
computing. R Foundation for Statistical Computing. http://www.r-proje
ct.org/index.html

Rothstein, H. R., Sutton, A. J., & Borenstein, M. (2005). Publication bias in
meta-analysis. Wiley. https://doi.org/10.1002/0470870168.ch1

Schimmack, U. (2012). The ironic effect of significant results on the
credibility of multiple-study articles. Psychological Methods, 17(4),
551-566. https://doi.org/10.1037/a0029487

Semmelmann, K., & Weigelt, S. (2017). Online psychophysics: Reaction
time effects in cognitive experiments. Behavior Research Methods, 49(4),
1241-1260. https://doi.org/10.3758/513428-016-0783-4

Smith, J. L., Mattick, R. P., Jamadar, S. D., & Iredale, J. M. (2014). Deficits
in behavioural inhibition in substance abuse and addiction: A meta-
analysis. Drug and Alcohol Dependence, 145, 1-33. https://doi.org/10
.1016/j.drugalcdep.2014.08.009

Stainer, C. (2016). The inhibitory spillover effect: How increased urination
urgency enhances accuracy on reaction time tasks [Unpublished student
work]. Department of Psychology, University of Portsmouth.

Stanley, T. D., & Doucouliagos, H. (2014). Meta-regression approximations
to reduce publication selection bias. Research Synthesis Methods, 5(1),
60-78. https://doi.org/10.1002/jrsm.1095

Sterne, J. A. C., Savovi¢, J., Page, M. J., Elbers, R. G., Blencowe, N. S.,
Boutron, 1., Cates, C. J., Cheng, H.-Y., Corbett, M. S., Eldridge, S. M.,
Emberson, J. R., Hernén, M. A., Hopewell, S., Hrdbjartsson, A., Junqueira,
D. R., Jiini, P., Kirkham, J. J., Lasserson, T., Li, T., ... Higgins, J. P. T.
(2019). RoB 2: A revised tool for assessing risk of bias in randomised trials.
BMJ, 366, Article 14898. https://doi.org/10.1136/bmj.14898

Stevens, T., Brevers, D., Chambers, C. D., Lavric, A., McLaren, I. P. L.,
Mertens, M., Noél, X., & Verbruggen, F. (2015). How does response
inhibition influence decision making when gambling? Journal of Experi-
mental Psychology: Applied, 21(1), 15-36. https://doi.org/10.1037/xa
p0000039

Stockel, T., & Mau-Moeller, A. (2020). Cognitive control processes associ-
ated with successful gait performance in dual-task walking in healthy
young adults. Psychological Research, 84(6), 1766—1776. https://doi.org/
10.1007/s00426-019-01184-4

Stoycos, S. A., Del Piero, L., Margolin, G., Kaplan, J. T., & Saxbe, D. E.
(2017). Neural correlates of inhibitory spillover in adolescence: Associa-
tions with internalizing symptoms. Social Cognitive and Affective Neuro-
science, 12(10), 1637-1646. https://doi.org/10.1093/scan/nsx098

Surgent, O. J., Dadalko, O. I, Pickett, K. A., & Travers, B. G. (2019).
Balance and the brain: A review of structural brain correlates of postural

87

VOHRINGER, SCHROEDER, HUTTER, AND SVALDI

balance and balance training in humans. Gait & Posture, 71, 245-252.
https://doi.org/10.1016/j.gaitpost.2019.05.011

Svaldi, J., Naumann, E., Biehl, S., & Schmitz, F. (2015). Impaired early-
response inhibition in overweight females with and without binge eating
disorder. PLOS ONE, 10(7), Article e0133534. https://doi.org/10.1371/
journal.pone.0133534

Svaldi, J., Naumann, E., Trentowska, M., & Schmitz, F. (2014). General and
food-specific inhibitory deficits in binge eating disorder. International
Journal of Eating Disorders, 47(5), 534-542. https://doi.org/10.1002/ea
t.22260

Tabibnia, G., Monterosso, J. R., Baicy, K., Aron, A. R., Poldrack, R. A.,
Chakrapani, S., Lee, B., & London, E. D. (2011). Different forms of self-
control share a neurocognitive substrate. The Journal of Neuroscience,
31(13), 4805-4810. https://doi.org/10.1523/INEUROSCL.2859-10.2011

Tuk, M. A., Trampe, D., & Warlop, L. (2011). Inhibitory spillover: Increased
urination urgency facilitates impulse control in unrelated domains. Psy-
chological Science, 22(5), 627-633. https://doi.org/10.1177/0956797
611404901

Tuk, M. A., Zhang, K., & Sweldens, S. (2015). The propagation of self-
control: Self-control in one domain simultaneously improves self-control
in other domains. Journal of Experimental Psychology: General, 144(3),
639-654. https://doi.org/10.1037/xge0000065

Veling, H., Aarts, H., & Papies, E. K. (2011). Using stop signals to inhibit
chronic dieters’ responses toward palatable foods. Behaviour Research
and Therapy, 49(11), 771-780. https://doi.org/10.1016/j.brat.2011.08.005

Verbruggen, F., Adams, R., & Chambers, C. D. (2012). Proactive motor
control reduces monetary risk taking in gambling. Psychological Science,
23(7), 805-815. https://doi.org/10.1177/0956797611434538

Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor.
Journal of Statistical Software, 36(3), 1-48. https://doi.org/10.18637/jss
.v036.103

Viechtbauer, W., & Cheung, M. W.-L. (2010). Outlier and influence
diagnostics for meta-analysis. Research Synthesis Methods, 1(2), 112—
125. https://doi.org/10.1002/jrsm.11

Wallace, B. C., Small, K., Brodley, C. E., Lau, J., & Trikalinos, T. A. (2012).
Deploying an interactive machine learning system in an evidence-based
practice center [Conference session]. Proceedings of the 2nd ACM
SIGHIT International Health Informatics Symposium, Miami, FL,
USA, 819-824. https://doi.org/10.1145/2110363.2110464

Watanabe, T., Hanajima, R., Shirota, Y., Tsutsumi, R., Shimizu, T., Hayashi,
T., Terao, Y., Ugawa, Y., Katsura, M., Kunimatsu, A., Ohtomo, K.,
Hirose, S., Miyashita, Y., & Konishi, S. (2015). Effects of rTMS of pre-
supplementary motor area on fronto basal ganglia network activity during
stop-signal task. The Journal of Neuroscience, 35(12), 4813-4823. https://
doi.org/10.1523/JNEUROSCIL.3761-14.2015

Weinbach, N., Lock, J., & Bohon, C. (2020). Superior response inhibition to
high-calorie foods in adolescents with anorexia nervosa. Behaviour Research
and Therapy, 124, Article 103441. https://doi.org/10.1016/j.brat.2019.103441

Wickham, H., & Bryan, J., Rstudio, Kalicinski, M., Valery, K., Leitienne, C.,
Colbert, B., Hoerl, D., & Miller, E. (2019). readxl: Read excel files (1.3.1)
[Computer software]. https://CRAN.R-project.org/package=readx]

Wing, R. R., & Phelan, S. (2005). Long-term weight loss maintenance. The
American Journal of Clinical Nutrition, 82(1), 222S-225S. https:/
doi.org/10.1093/ajcn/82.1.222S

‘Wu, M., Hartmann, M., Skunde, M., Herzog, W., & Friederich, H.-C. (2013).
Inhibitory control in bulimic-type eating disorders: A systematic review
and meta-analysis. PLOS ONE, 8(12), Article e83412. https://doi.org/10
.1371/journal.pone.0083412

Xu, X., Demos, K. E., Leahey, T. M., Hart, C. N., Trautvetter, J., Coward, P.,
Middleton, K. R., & Wing, R. R. (2014). Failure to replicate depletion of
self-control. PLOS ONE, 9(10), Article €109950. https://doi.org/10.1371/
journal.pone.0109950

Yang, Y., Shields, G. S., Wu, Q., Liu, Y., Chen, H., & Guo, C. (2019).
Cognitive training on eating behaviour and weight loss: A meta-analysis



e of its allied publishers.

&

e American Psychological Association or on

ghted by th

This document is copyri

article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

FACILITATION OF SIMULTANEOUS CONTROL? 789

and systematic review. Obesity Reviews, 20(11), 1628-1641. https:/ Neurogastroenterology and Motility, 31(7), Article e13600. https://
doi.org/10.1111/0br.12916 doi.org/10.1111/nmo.13600
Zeileis, A., & Grothendieck, G. (2005). Zoo: S infrastructure for regular and
irregular time series. Journal of Statistical Software, 14(6), 1-27. https://
doi.org/10.18637/js5.v014.106

Zhao, D., Corsetti, M., Moeini-Jazani, M., Weltens, N., Tuk, M., Jan, T., Received September 14, 2021
Warlop, L., & Van Oudenhove, L. (2019). Defecatory urge increases Revision received September 13, 2022
cognitive control and intertemporal patience in healthy volunteers. Accepted September 17, 2022 =

E-Mail Notification of Your Latest Issue Online!

Would you like to know when the next issue of your favorite APA journal will be available
online? This service is now available to you. Sign up at https://my.apa.org/portal/alerts/ and you will
be notified by e-mail when issues of interest to you become available!

88



Appendix

5.2 Appendix B: Study 2 (Vohringer, Hitter, et al., 2023)

Vohringer, J., Hitter, M., Schroeder, P. A., & Svaldi, J. (2023). Does a white bear help
you eat less? The impact of the inhibitory spillover effect on eating behaviour.
European Eating Disorders Review, 31(5), 685—695. https://doi.org/10.1002/erv.2995

This is an open access article distributed under the terms of the Creative Commons

CC BY license (for a copy see: https://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. No changes have been made to the original version of

this article.

89


https://creativecommons.org/licenses/by/4.0/

Received: 17 March 2023

Accepted: 20 May 2023

M) Check for updates

DOT: 10.1002/erv.2995

RESEARCH ARTICLE

WILEY

Does a white bear help you eat less? The impact of
the inhibitory spillover effect on eating behaviour

Julian Véhringer' | Mandy Hiitter’ | Philipp A. Schroeder' | Jennifer Svaldi'

'Department of Psychology, Clinical
Psychology & Psychotherapy, University
of Tiibingen, Tiibingen, Germany

*Department of Psychology, Social
Cognition and Decision Sciences,
University of Tiibingen, Tiibingen,
Germany

Correspondence

Julian Vo6hringer, Department of
Psychology, Clinical Psychology &
Psychotherapy, University of Tiibingen,
Tiibingen, Germany.

Email: julian.voehringer@uni-tuebingen.

de

Handling Editor: Kate Tchanturia

Funding information
Deutsche Forschungsgemeinschaft

Abstract

Objective: Overweight and obesity are global problems with negative ph-
ysical, social, and psychological outcomes. Besides other factors, inhibitory
control deficits contribute to weight gain and development of overweight. The
inhibitory spillover effect (ISE) improves inhibitory control through transfer of
inhibitory control capacity from one domain to an unrelated, second domain.
For ISE to occur, one inhibitory control task is executed simultaneously with a
second, non-control related task thereby increasing inhibitory control in this
task.

Method: In this preregistered study, we tested the ISE induced through
thought suppression in contrast to a neutral task in participants with normal
weight and overweight (N = 92). A simultaneously conducted bogus taste test
served as outcome measure for food intake.

Results: We found neither an interaction effect between group affiliation and
condition nor an effect of group affiliation. However, contrary to our expec-
tations, we found higher food intake in participants with active ISE compared
to the neutral task.

Conclusions: This result might indicate rebound effects of applied thought
suppression which led to the experience of loss of control and therefore
undermined maintenance and function of the ISE. This main result was robust
to all moderator variables. We elaborate further factors for the finding, theo-
retical implications, and future research directions.

KEYWORDS
eating behaviour, inhibitory spillover effect, obesity, self-control

Key points

e We used the Inhibitory Spillover Effect for the improvement of inhibitory
control for food intake in participants with overweight

e We found neither an interaction effect between group affiliation and con-
dition nor an effect of group affiliation but contrary to our expectations
higher food intake in participants in the active condition
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the original work is properly cited.
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e We gathered new information about the functioning of the Inhibitory
Spillover Effect in the field of eating behaviour

1 | THEORETICAL BACKGROUND

Over the last 40 years, the global mean Body-Mass Index
(BMI) increased by about 0.6 kg/m* per decade (NCD
Risk Factor Collaboration, 2016). This trend led to 67% of
the male and 53% of the female population in Germany
considered overweight (BMI >25 kg/m?* Mensink
et al., 2013) as well as high rates of overweight and ob-
esity (BMI >30 kg/m?) throughout Europe and North
America (Ng et al., 2014). Overweight und obesity are
associated with several adverse physical and psychosocial
outcomes. Among others, overweight and obesity are
linked to increased rates of type 2 diabetes, hypertension,
strokes, sleep apnoea, infertility (in obese men), mental
disorders like anxiety disorders and depression as well
as a lower health-related quality of life (A. E. Field
et al., 2001; Finer, 2015; Gariepy et al., 2010; Hammoud
et al., 2008; Mitchell et al., 2011; Roberts et al., 2003;
Sarwer et al., 2012). Most programs for weight loss
include changes in diet, lifestyle, and physical activity
with initial success but only a small effect size (d = 0.16)
for weight maintenance after 12 months (Christian
et al., 2010; Dombrowski et al., 2014). Therefore, there is
a need for new and innovative approaches to achieve and
maintain weight loss (MacLean et al., 2015).

One frequently discussed factor in the increase of
overweight and obesity rates is the so-called obesogenic
environment, which comprises low food prices, a wide
variety and high availability of food, large portion sizes,
and a reduced need for physical activity (D. A.
Cohen, 2008). As responses to internal and external food
cues are partly automatic and do not necessarily result
from conscious planning, this obesogenic environment
might result in weight gain (D. A. Cohen, 2008). However,
not all individuals seem to be equally susceptible to high
availability of tempting foods. Indeed, behavioural studies
repeatedly revealed food-specific inhibitory control defi-
cits in individuals with overweight and obesity (Bartholdy
et al., 2016; Houben et al., 2014; Svaldi et al., 2015). In the
interplay with appetitive motivation, reduced inhibitory
control leads to more frequent overeating episodes
(Appelhans, 2009; Barry et al., 2009; van Strien et al., 2009).
Experimental evidence further suggests a negative rela-
tionship between BMI and inhibition, regardless of age
(Batterink et al., 2010; Houben et al., 2014; Pauli-Pott
et al., 2010). Therefore, identifying new methods to
improve inhibition and self-control may help individuals
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with overweight and obesity to enhance their control over
food intake and thereby manage their body weight.

One recently introduced effect for the improvement of
inhibitory control is the Inhibitory Spillover Effect (ISE).
The ISE describes the unintentional transfer of inhibition
from one domain to another (Berkman et al., 2009). In
order for the ISE to occur, execution of inhibition in one
task needs to take place simultaneously with an unrelated
second task (Tuk et al., 2015). For example, “inhibitory
spillover” has been documented from attention control
(i.e., avoid looking at banner ads on the screen) to a con-
current executed task on choice and volition (e.g., answers
in self-control scenarios; Tuk et al., 2015). Other examples
of the ISE include the effect of simultaneous bladder
control on interference control in a Stroop task or the ef-
fect of simultaneous emotion control on impulses for food
intake (Tuk et al., 2011, 2015). Overall, based on two meta-
analyses across various tasks, the size of the ISE is small to
medium (Tuk et al., 2015; Vohringer et al., 2023).

Notably, analyses of tasks used to induce the ISE
revealed different effect sizes for different induction types
with a large effect for cognitive induction (e.g., go/no-go
tasks; Vohringer et al., 2023). Tuk et al. (2015) used the
suppression of thoughts about kittens after just seeing
pictures of kittens while thought listing for cognitive in-
duction of the ISE (Experiment 13). After this cognitive
induction of ISE, participants made more controlled
choices in a self-control scenario. This setup was based
on findings that thought suppression in contrast to
focused thinking initially leads to fewer thoughts about a
“forbidden” object, for example, a white bear (Wegner
et al., 1987). A meta-analysis (Abramowitz et al., 2001)
found a small to medium negative effect for the initial
suppression of thoughts. Therefore, thought suppression
can be considered an effective means to execute control
over onc's own thoughts.

Although inhibition over food intake forms an
everyday problem for many people, eating behavior as
outcome measure in ISE studies was included in only five
experiments in terms of unhealthy food consumption with
a rather simple setup (Tuk et al., 2015). In their experi-
ments, the ISE was induced by attention control, cognitive
impulse control, and emotion control in healthy subjects
with normal weight. However, no research has been
conducted about effects of ISE on eating behavior of par-
ticipants with overweight and therefore reduced inhibi-
tion abilities. Against this backdrop, this study examined
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the increase of lowered eating-related inhibitory control in
people with overweight and obesity by means of the ISE.

In the present study, we aimed to improve inhibitory
control in participants with overweight and obesity to
reduce food intake by means of the ISE in a single-session
experiment. As cognitive induction appeared to exert
the largest effect of all induction types (Vohringer
et al., 2023), we chose a cognitive task, namely thought
suppression, for the induction of the ISE (see also Tuk
et al., 2015). For outcome measurement, we used the
bogus taste test (BTT; Robinson et al., 2017) which as-
sesses eating behavior by requesting participants to rate
food whilst their consumption is secretly recorded. To
examine the effect of the ISE specifically for participants
with overweight and obesity we also compared them
with participants with normal weight. We expected an
increased inhibition performance and therefore a lower
calorie consumption in participants who executed the ISE
by means of thought suppression during a simultaneous
BTT. We also expected this effect to be more pronounced
in participants with overweight and obesity compared to
participants with normal weight due to higher con-
sumption of participants with overweight and obesity in
the neutral condition.

2 | METHOD

The present study was preregistered (https://aspredicted.
org/vn3p6.pdf), conducted in accordance with the ethical
code of the World Medical Association (Declaration of
Helsinki) and approved by the local ethics committee
(project 861/2018B02).

2.1 | Sample
Previous studies on the effects of inhibitory spillover
yielded medium to high effect sizes (Hung & Lab-
roo, 2011; Tuk et al., 2011). Therefore, a power of (1 -
) = 0.80, an effect size of Cohen's d = 0.60 (J.
Cohen, 1988) and an a-level of 0.05 were chosen, yielding
a total sample size of 92 participants (46 participants per
group, or 23 participants per condition, respectively).
Participants were recruited via university newsletters, an
internal department subject database, articles and adver-
tisements in local newspapers, posters in public trans-
portation, as well as flyers and posters in local stores. Data
collection was conducted from 2019/04 to 2022/04.
Inclusion criterion for the overweight group (OW) was
a BMI (weight/height®) between 25.0 and 39.9, and for the
normal weight (NW) group a BMI between 19.0. and 24.9."
Exclusion criteria for both groups were age under 18 and

over 60 years, no fluency in German language, the pres-
ence of a current or lifetime eating disorder, current de-
lusions, hallucinations, manic episode, alcohol/substance
dependence, neurological disease, borderline personality
disorder, and suicidality, current severe physical disease
(e.g., cancer), pregnancy, lactation, participation in weight
reduction programs, therapeutic interventions, or self-
help programs aiming at a weight reduction, as well as
allergies against or avoidance of content of the BTT or the
breakfast participants received upon entering the lab. Di-
agnoses of eating disorders were ruled out by adminis-
tration of the Eating Disorder Examination (EDE;
Fairburn et al., 2014; German version by Hilbert &
Tuschen-Caffier, 2016). Possible other mental disorders
were explored with the Structured Clinical Interview for
DSM-5, Clinical Version (SCID-5-CV; First et al., 2016;
German version by Beesdo-Baum et al., 2019a) and the
Structured Clinical Interview for DSM-5 Personality Dis-
orders (SCID-5-PD; First et al., 2015; German version by
Beesdo-Baum et al., 2019b). In total, 92 participants were
included in the study (46 participants per group; see
Table 1 and Table S1 for sample characteristics). Groups
were matched groupwise with regard to age, gender,
education, and smoking.

2.2 | Material

2.2.1 | Induction task

Closely modeled after Experiment 1 from Tuk et al. (2015),
we used a thought control task as inhibitory control task.
In the original work, thought control was classified as
cognitive induction of ISE which has the highest effect size
of all induction types (Tuk et al., 2015; Vd&hringer
et al., 2023), and has the advantage to be easily imple-
mentable during other tasks.

Experimental condition. In the experimental condition,
thought control was applied as part of a thought-listing
task. At the beginning, participants saw two pictures of a
white bear along with the instruction to write down their
thoughts for three and a half minutes and simultaneously
“avoid by any means to think of a white bear”. If they
thought of a white bear nevertheless, participants had to
press a manual counter and subsequently try hard to avoid
thinking of a white bear. The instruction was given once
more by the experimenter before participants started to
write down their thoughts in a text box on a separate
webpage without pictures of a white bear. As part of the
cover story, participants were told that this study investi-
gated the flow of people's thoughts and related decisions.
After completion of the thought-listing task, participants
were instructed to continuously suppress thoughts of a
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TABLE 1 Sample characteristics.

Group NW ow Group differences

Age [M (SD)] 32.9 (15.0) 36.2 (12.8) £(90) = —1.161, p = 0.249
Female participants [%] 80.4 65.2 X (1) = 2.691, p = 0.159

Years of education [M (SD)] 14.3 (2.1) 15.2 (2.9) t (81.882) = —1.795, p = 0.076
Active smokers [%] 6.5 10.9 % (1) = 0.548, p = 0.714

BMI [M (SD)] 21.8 (1.7) 29.4 (3.2) t (69.476) = —14.124, p < 0.001
BMI range 19.1-24.8 25.0-38.2 /

Participants with current psychological disorders [%] 8.7 15.2 x (1) = 0.929, p = 0.522
Participants with history of psychological disorders [%] 26.1 32.6 X (1) = 0.472, p = 0.647

Abbreviations: BMI, Body mass index; NW, Participants with normal weight; OW, Participants with overweight.

white bear and therefore keep the counter for the rest of
the experimental session. Before the start of the subse-
quent BTT, participants were reminded of their task. After
the BTT, the counter was collected.

Neutral condition. For the neutral condition,’> we
closely followed the protocol outlined for the experi-
mental condition with the exception that participants
were not instructed to avoid thinking of a white bear, but
were instead allowed to think freely, albeit to press the
manual counter whenever they thought of a white bear.

2.2.2 | Manipulation checks

To test whether the induction of inhibition was success-
ful, we used the Eating Attributional Style Questionnaire
(EASQ; Rotenberg et al., 2005) as manipulation check.
The EASQ is an instrument to measure perceived control
over food consumption. Four scenarios are presented,
two with moderate food consumption and two with
pleasurable eating. Participants are asked to imagine
themselves as the subject of the scene and to rate two
scales: (1) “the degree to which the cause of eating
behaviour was due to something about you or something
about other people or circumstances” on a seven-point
scale with the anchors 1 = “Depended only on other
persons\circumstances” to 7 = “Depended only on me”
and (2) “the degree to which you could change the cause
of the eating behavior on a seven-point scale with the
anchors 1 = “Not at all” to 7 = “Completely”. To measure
perception of control over food consumption, scales are
averaged for each scenario. For the use in our study, the
four scenarios were translated by one author (JV) and
translated back by a bilingual native English speaker.
Any disagreements on wording of the scenarios were
subsequently clarified.

2.2.3 | Bogus taste test

As a behavioural measure of calorie consumption, we
used the BTT following an established procedure
(Hallschmid et al., 2012; Svaldi et al., 2014) which we
extended by using seven randomly arranged snacks. The
snacks were mini chocolate biscuits (484 Kkilocalories
[kcal] per 100 g), mini chocolate cookies (502 kcal per
100 g), peanuts in chocolate cover (500 kcal per 100 g),
peanuts in savory cover (547 kcal per 100 g), savory
potato sticks (508 kcal per 100 g), mini salty pretzels
(401 kcal per 100 g), and rice wafers (389 kcal per
100 g). Each snack was filled in a large bowl with a
volume of 3 L to an equal volume of approximately 50%,
so the participants did not restrict their consumption
due to possible observation of their eating behaviour
(see Robinson et al., 2015 for a review). After a detailed
instruction, participants were left alone for 20 min to try
and rate every snack answering nine visual analogue
scales each. It was emphasised that accurate completion
was important and that they could eat as much as they
wanted after finishing the ratings. Each bowl was
covertly weighed before and after the taste test. Partic-
ipants were debriefed over their deception after their
participation.

2.2.4 | Online questionnaires

Participants filled-in the following online questionnaires
before the experimental session: Beck Depression In-
ventory II, BIS/BAS scales, Dutch Eating Behaviour
Questionnaire, Eating Disorder Examination Question-
naire, Eating Disorder-specific Interoceptive Processing,
Restraint Scale, and Brief version of the Self-Control
Scale. For details see Supplement 3.
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2.2.5 | Instruments collected during the
experimental session

Participants filled-in the following questionnaires within
the experimental session: (1) The Positive and Negative
Affect Schedule (PANAS; Watson et al., 1988; German
version by Krohne et al., 1996) consists of 20 adjectives,
which describe either rather positive or negative feelings.
Each item is answered on a five-point scale ranging
from 1 = “not at all” to 5 = “extremely”. The two-factor
structurc was confirmed, and internal consistency was
high for both scales whereas retest-reliability for habitual
emotions in both scales was poor. For the two dimensions
positive and negative affect, 10 items each are averaged
with higher values representing higher magnitude. In
this study the internal consistencies were a = 0.87 and
a = 0.78 for the positive and negative affect subscale,
respectively. (2) Visual analogue scales (VAS; ratings
0-100) were rated on the states hunger, satiety, thirst,
anxiety, happiness, stress, sleepiness, concentration,
sadness, need for sweet food, need for savory food, and
need for food in general.

To check the impact of awareness of manipulation
intention, participants were asked to write down their
suspicion of the experiment's objective. The experimenter
rated their answers as unobtrusive, partly conspicuous, or
conspicuous according to pre-determined criteria. To
check for the impact of prior knowledge, participants were
asked if they did know the “white bear” task before. To
check for the impact of the ability to detach, participants
in the experimental condition were asked how easily they
could detach from the thought of a white bear.

2.3 | Procedure

For a reliable detection of the ISE, we applied a highly
standardized protocol with fixed timing and a prepared

breakfast. After a telephone screening, candidates were
invited to a diagnostic session (EDE, SCID), where they
signed the informed consent. After the diagnostic session,
participants were randomly assigned to the experimental
or neutral condition. Since food intake in naturally cycling
women is affected by the cycle (e.g., Buffenstein, 1995), all
experimental session were conducted in the luteal phase
for female participants. To assure measurements in the
luteal phase, females with a natural cycle used ovulation
sticks to test for their ovulation. Participants filled-in on-
line questionnaires before the experimental session. Also,
we aimed for the time gap between the diagnostic and
experimental sessions to be under 14 days.

For an overview of the procedure see Figure 1. After
arrival at 7:30 AM, participants received a breakfast (con-
sisting of two buns, one jar of butter, one jar of marmalade,
two slices of cheese or one slice of cheese and two small
slices of salami, one tumbler of each cold and hot water, tea
bags) of similar size as breakfasts in other studies with
participants with normal and overweight (Schroeder
et al., 2022). They were told to eat until they are satiated so
an individually different sufficient (“ad libitum”) meal size
was reached. Participants ate their breakfast whilst alone
in a room within a time frame of 20 min. Dishes used were
measured covertly before and after to calculate calorie
consumption. After the meal, participants filled in the first
VAS and subsequently watched a nature documentary
(Planet Earth, BBC, 2006) for a total of 30 min. Due to the
subsequent BTT, the movie was carefully chosen by one
author (JV) to avoid disgusting or disturbing scenes which
was confirmed by ratings obtained prior to the start of the
study. As a cover story, participants were told that the
experiment's topic was mood, and the movie should set
the participants’ mood on a comparable level. However,
the actual reason was to give participants some time to
digest their breakfast. After the movie, participants per-
formed the thought-listing task. Crucially, for the ISE to
take place, participants were instructed to execute the

Movie
Task Manipulation
Breakfast nducton 1aste Test Me0P %
20min 30min 2min 20min 1min

FIGURE 1 Procedure of the experiment. Cartoon bear by StudioFibonacci.
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respective task throughout the experiment. After partici-
pants filled in the VAS and the PANAS a second time,
participants were led to another room, where they received
an introduction to the BTT with a reminder to still count
and eventually avoid thoughts of a white bear. Participants
were left alone for another 20 min. After the BTT, partic-
ipants filled in the final VAS, the EASQ, and answered the
manipulation check questions. Duration from induction of
ISE until the end of manipulation checks was about
30 min. Finally, participants with overweight were invited
to another experiment (and, in case of participation,
debriefed and reimbursed after participation) whereas
participants with normal weight were debriefed, reim-
bursed, and thanked for their participation.

After the collection of 29% of the intended sample
size, we were forced to stop data collection duc to the
COVID-19 pandemic in spring 2020. After restart of data
collection, participants wore an FFP2 mask during their
participation except for the breakfast and BTT.

2.4 | Design, data preparation and
statistical analyses

In the present study we used a two-factor between-
subject design with the factors ISE induction condition
(experimental condition, neutral condition) and group
affiliation (OW, NW).

There was missing data for one participant for the
second VAS which was replaced by its first VAS. There
was missing data for one participant for one of seven
snacks which was replaced by the subgroup mean value
for this snack. For six participants, online questionnaires
were unusable due to deviations in the data collection
process. For one participant breakfast consumption could
not be calculated. The value was therefore replaced by
the subgroup mean value.

For the handling of outliers, we followed the recom-
mendations of Leys et al. (2019) as well as Field (2013).
Prior to analyses of variance (ANOVAs) and analyses of
covariance (ANCOVAs) we checked for extreme values
and outliers and detected isolated extreme values but
decided to keep them according to Leys et al. (2019). We
also detected violations of normal distribution and ho-
mogeneity of variances but applied ANOVAs and
ANCOVASs due to their robustness in the case of equal
sample sizes (A. P. Field, 2013). For results with boot-
strapping applied see Supplement 4.

We conducted a 2 (group affiliation; OW vs. NW) x 2
(ISE induction condition; experimental condition vs.
ncutral condition) ANOVA to calculate the differences in
calorie consumption in the BTT. We also analysed the
EASQ with a 2 (group affiliation; OW vs. NW) x 2 (ISE

induction condition; experimental condition, neutral
condition) ANOVA. Moreover, we performed several
exploratory analyses, for example, to investigate the ef-
fects of hunger, stress, suspicion, calorie consumption at
breakfast, presence of mental disorders, restraint eating,
or self-control capabilities using several ANCOVAs.

3 | RESULTS

3.1 | Manipulation check and main
analysis

The 2 x 2 ANOVA with the factors group affiliation (NW
vs. OW) and ISE induction condition (experimental
condition vs. ncutral condition) concerning results of the
EASQ as manipulation check showed no significant
interaction between the two factors (F [1, 88] = 1.152,
p = 0.29, npz = 0.01). Also, there was no main effect of
group affiliation or ISE induction condition on results in
the EASQ (ps > 0.19).

The 2 x 2 ANOVA with the factors group affiliation
(NW vs. OW) and ISE induction condition (experimental
condition vs. neutral condition) concerning calorie con-
sumption in the BTT as main analysis showed no sig-
nificant interaction between the two factors (F [1,
88] = 1.162, p = 0.28, 1, = 0.01; see Figure 2). Also, there
was no main effect of group affiliation on caloric con-
sumption in the BTT (p = 0.72). However, there was a
significant main effect of ISE induction condition on
calorie consumption in the BTT with participants in the
experimental condition eating more than participants in

400,00 ISE Induction
Condition

M Experimental Condition
[INeutral Condition

300,00

Kcal

200,00

-
1

o

100,00

NW
Group Affiliation

FIGURE 2 Calorie consumption in the Bogus Taste Test.
NW = participants with normal weight, OW = participants with
overweight. Error bars represent standard errors.
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the necutral condition (F [1, 88] = 5.972, p = 0.02,
n,” = 0.06).

3.2 | Exploratory analyses

We further conducted several exploratory analyses (cf.
Supplement 1) of which only two turned out with a sig-
nificant result supplementing the beforementioned main
results.

We performed an ANCOVA with the factors group
affiliation (OW vs. NW) and ISE induction condition
(experimental condition vs. neutral condition) and the
covariate desire to eat snacks with calorie consumption in
the BTT as outcome measure. The covariate, desire to eat
snacks, was significantly related to calorie consumption
with a higher desire to eat snacks leading to a higher
calorie consumption (F [1,87] = 8.837, p = 0.004,
n,> = 0.09). There was also a significant effect of ISE
induction condition after controlling for the effect of
desire to eat snacks with participants in the experimental
condition eating more than participants in the neutral
condition (F [1,87] = 5.912, p = 0.017, 1,° = 0.06).

We performed an ANCOVA with the factors group
affiliation and ISE induction condition and the covariate
state concentration before BTT with calorie consumption
in the BTT as outcome measure. The covariate, state
concentration before BTT, was significantly related to
calorie consumption with lower state concentration
before the BTT leading to a higher calorie consumption
(F [1,87] = 6.045, p = 0.016, np2 = 0.07). There was also a
significant effect of ISE induction condition after con-
trolling for the effect of state concentration before BTT
with participants in the experimental condition eating
more than participants in the neutral condition (F
[1,87] = 6.492, p = 0.013, n,> = 0.07).

Other tests revealed no significant influence of any
variable. Therefore, the results are reported in Supple-
ment 1. The significant main effect of condition was
robust in all scenarios with different covariates.

For results of online questionnaires see Table S2.

4 | DISCUSSION

This study investigated the impact of ISE on inhibitory
control in order to reduce food intake in participants with
overweight and obesity compared to participants with
normal weight by means of thought suppression.

We did not find the assumed ISE and reduced calorie
intake but an increased snack consumption when
thought suppression as ISE induction was applied,
regardless of group affiliation. This pattern was robust to

all modecrator variables of which most were not signifi-
cant (i.e., prior knowledge of the “white bear” task, sus-
picion, ability to detach from thoughts of a white bear,
restraint eating, calorie consumption at breakfast, mental
disorders, and satiety). Only the covariates desire to eat
snacks and state concentration before BTT turned out
significant. Participants with a higher desire to eat
snacks as well as participants with lower state concen-
tration before the BTT showed a higher calorie con-
sumption. In both cases, the main effect of condition was
significant.

Notably, contrary to our cxpectations, we found
increased, rather than decreased food consumption
across groups with concurrent thought suppression
amounting to a reversed inhibition induction effect. Pre-
vious studies documented a standard ISE consisting in an
increase in inhibitory control, for example, with concur-
rent peripheral control (i.e., bladder control) leading to
higher rewarding choices (Tuk et al., 2011). However,
this type of ISE induction is particularly problematic in
the context of food intake, as bladder control, hunger and
digestion are vegetative body functions and therefore the
necessity of bladder control is most likely confounded
with food consumption. By contrast, thought suppression
has the advantage of not being confounded with food
intake. However, it still may have unintended effects.
Specifically, the reversed inhibition induction effect that
we found may be due to the rebound effect of thought
suppression (Abramowitz et al., 2001). Namely, thought
suppression initially leads to a reduction of unwanted
thoughts, but produces a small to medium rebound ef-
fect after the execution of suppression (Abramowitz
et al., 2001). As the rating of seven snacks on nine di-
mensions in the BTT formed a second task with high
cognitive demand, it may be the case that the BTT pre-
vented sufficient maintenance of thought suppression so
that rebound effects occurred. This may unintentionally
have lowered inhibition exertion and led to experiences
of lack of control, undermined spillover of inhibition to
eating behaviour which may then have resulted in higher
calorie consumption. Previous research on the ISE with
relation to food only comprised the measurement of
either food consumption intention with simple choice
tasks (Experiments 8 and 18; Tuk et al., 2015) or un-
healthy food consumption with a very limited taste test
setup (Experiments 4, 7, 15, 16, 17; Tuk et al., 2015). In
both cases, complexity and additional cognitive demand
were much lower, resulting in a reduced risk for possible
disrupting influences for the ISE. In line with the main
results, the manipulation check of perceived control
over food consumption indicated a descriptively lower
perceived control in the experimental condition in
contrast to the neutral condition, although this effect was

96

ASUAII] SUOWIIO)) dANEAI) o[qedr[dde ay) Aq PauIdA0S a1e SA[IILIE () aSN JO SA[NI 10§ AIRIQIT SUI[UQ AJ[IAY UO (SUOBIPUOD-PUR-SULIS)/WI0d" A 1M KIeIqI[oul[uo//:sdiiy) SUonIpuo)) pue swa [, oy} 23S [£207/90/€1] uo Areiqi suruQ A9[IA\ ‘udSuIqn | JB)ISIOAIUN S|eY PIBYIqH £q S667°AI/Z001 01/10p/wod Ka[im Areiqrjaurjuo//:sdny woiy papeo[umo( ‘0 ‘89606601



* | WILEY

VOHRINGER kT AL.

nonsignificant. In order to track down the magnitude of
possible rebound effects in thought suppression, future
studies should compare outcome tasks with a similar
setup but varied complexity.

In addition, the question arises whether the task was
suitable for the present purpose. The induction task and
outcome measure may have interacted to influence our
results and therefore impede detection of the ISE. Of
note, we chose a similarly short induction task as Tuk
et al. (2015). However, in contrast to the BTT employed
as the dependent variable in our study, Tuk et al. (2015)
used relatively easy choice and volition tasks (Experi-
ments 1, 2, 3, 10, 11, 13, 14) as well as food consumption
intention tasks (Experiments 8, 18). These tasks only
consisted of a few questions or a short text so that the ISE
was assessed within a very limited time frame. By
contrast, the BTT required ISE to persist over a signifi-
cantly longer time span. Hence, it is possible that in-
duction of the ISE through an initially short induction
task alongside an extensive and complex outcome mea-
sure produced an inhibition effect too weak to cause
change in a complex and long outcome measure. Future
research should vary ISE induction tasks to select suitable
tasks for different behaviour and situations.

Our findings of equal calorie consumption between
groups is in line with a meta-analysis which found
no relation between BMI and food intake in the BTT
(Robinson et al., 2017). Despite these results, there is an
ongoing discussion if ingestion frequency is associ-
ated with a higher BMI (Higgins et al., 2019, 2022;
Mattes, 2014).

There are several strengths of the present work
thereby increasing trust in the validity of our findings.
Specifically, the project was preregistered before the start
of data collection. Every participant was interviewed in-
depth for previous and current mental disorders, pre-
venting distortion of results. We applied a very strict
experimental protocol with fixed timing, an ad-libitum
breakfast and tasks modeled after and extending vali-
dated procedures. For naturally cycling women we con-
ducted experimental sessions only in the lutcal phase to
avoid hormonal influences on eating behaviour (Buffen-
stein, 1995). Groups were matched regarding age, gender,
education, and smoking. Beforehand, we conducted a
power analysis according to which the sample size should
have been sufficient to detect possible effects of thought
suppression on eating behaviour following past (Hung &
Labroo, 2011; Tuk et al., 2011, 2015) and more recent
(Vohringer et al., 2023) work. Finally, in contrast to other
research methods, such as questionnaires and tasks per-
taining to theoretical food choice, the BTT is an outcome
measure of high ecological validity.

However, there are also some limitations. In partic-
ular, the OW group was characterised by a BMI more in
the range of overweight than obesity, which may have
reduced possible inhibition deficits as inhibition control
is inversely related to the BMI (Batterink et al., 2010) and
executive functions differ between participants with
obesity and normal weight which is not the case for
participants with overweight (Yang et al., 2018). Also,
snack consumption in the morning is rather unusual
which may have influenced eating behaviour in the BTT
(e.g., Reichenberger et al., 2018). Despite a relatively long
and extensive BTT, food intake was relatively low (see
Hallschmid et al., 2012 for a comparison). For future
experiments, we recommend that measurement of eating
behaviour by means of the BTT should be carried out in
the afternoon or evening to match the typical time
frame of snacking behaviour. Furthermore, we were not
able to collect the status of successful inhibition execu-
tion during the experiment. For future research, it would
be important to monitor maintenance of successful in-
hibition execution, for example, with short queries or
intermediate tasks, to assure a sustained maintenance
and the correct application of ISE induction tasks.
Finally, based on the present results of a reversed ISE, it
is crucial to try other combinations of induction and
outcome tasks to find appropriate ways to implement the
ISE (e.g., influencing eating behaviour for a longer
amount of time) and therefore find new ways to increase
inhibition.

To conclude, this preregistered, standardized, and
well-powered work expands our knowledge on the ISE,
its application and possible future research approaches.
Contrary to our expectations, we found increased food
consumption with a concurrent control task, regardless of
group affiliation. Rebound effects of thought suppression
due to task complexity and length potentially led to a
decrease of inhibition cxertion and therefore experiences
of lack of control, which may have undermined spillover
of inhibition to eating behaviour and eventually resulted
in higher calorie consumption. Future studies should
investigate suitable setups for induction methods and
outcome measures with the help of small-step investiga-
tion of online inhibition capacity for a better under-
standing of the ISE and its usefulness in the field of
impaired self-control.
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ENDNOTES

! Even though inclusion of participants was based on two distinct
BMI groups, we also conducted a regression analysis with BMI as
continuous factor. However, in this exploratory analysis the main
result did not change (see Supplement Material 1).

2 We use “neutral condition” for the generally used term “control
condition” to avoid confusion with the experimental group which
conducts a self-control task.
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5.3 Appendix C: Study 3 (Vohringer et al., submitted)
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control spill over to eating behaviors? Two preregistered studies of inhibitory spillover

effects on food intake and reactions to food stimuli.
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Abstract

Overweight and obesity are worldwide conditions associated with detrimental medical and
psychosocial outcomes. As inhibitory control deficits are thought to contribute to weight gain,
they are a worthwhile target for new approaches. Previous research has shown that the
execution of inhibitory control in one domain leads to a concurrent increase of inhibitory
control in another domain, an effect denoted as the inhibitory spillover effect (ISE).
Therefore, we assumed that exertion of inhibitory control in a food-unrelated domain in
overweight and normal weight individuals will decrease food intake in a simultaneous bogus
taste test (BTT; study 1) as well as increase food-specific response inhibition ability in a stop
signal task (SST; study 2). We assumed stronger effects in overweight individuals. In both
studies ISE was induced via cognitive priming and compared to a neutral condition in a group
of overweight (OW: n = 46 for study 1, n = 46 for study 2) and normal weight (NW: n = 46 for
study 1, n = 46 for study 2) individuals. In the ISE condition, participants had to learn and
retain control-related words while simultaneously performing a BTT (study 1) or an SST
(study 2). In the neutral condition, participants followed the same protocol, albeit memorizing
neutral (i.e., control-unrelated) words. There was no significant interaction of weight group x
cognitive priming condition neither regarding food intake (study 1) nor regarding food-related
response inhibition (study 2). Cognitive priming, as implemented in the present studies, does
not instigate an ISE strong enough to improve inhibitory control during food intake or food-
related response inhibition. Relevant practical and theoretical aspects as well as implications

for future research on the ISE are discussed.

Keywords: inhibitory spillover effect, eating behavior, obesity, self-control
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1 Introduction

Overweight and obesity are a worldwide phenomenon with an upward trend in the last
decades (NCD Risk Factor Collaboration, 2016). By now, worldwide approximately 13% and
therefore one billion humans are obese, which is defined as a body mass index (BMI;
weight/height?) above 30.0 (World Health Organization, 2022). In Germany, 23% of both the
male and female population is obese and 67% of men and 53% of women are overweight

(25.0 = BMI < 30.0; Mensink et al., 2013).

Overweight and obesity are associated with detrimental medical and psychosocial
sequelae such as hypertension, higher risks for strokes, thrombosis, or diabetes type 2 as
well as anxiety disorders, depression, and a lower quality of life (Finer, 2015; Gariepy et al.,
2010; Sarwer et al., 2012; Wyatt et al., 2006). Moreover, overweight and obesity in childhood
and adolescence increase the risk for premature mortality and adult morbidity (Reilly & Kelly,

2011).

The so-called obesogenic environment is considered central for the global increase of
overweight and obesity in the past decades (King, 2013). Fundamental changes in daily life
such as the abundance of food and easy availability of energy-dense food, lower food and
sugar-based beverage prices, increases in portion sizes, the greater variety of food, but also
a decrease in physical activity and an increase in sedentary behavior led to an environment
that facilitates weight gain and therefore aggravates the emergence of obesity and
overweight (Cohen, 2008). As human behavior is often not the result of a conscious planning
process, the obesogenic environment influences ingestion beyond homeostatic regulation

towards a more hedonic-oriented food intake (Cohen, 2008).

Notably, though, despite most people being exposed to the obesogenic environment,
only some gain weight, whereas others do not. In this context, insufficient inhibitory control
(also referred to as response inhibition) may play a key role (de Klerk et al., 2022). Indeed,
compared to normal weight individuals, individuals with overweight and obesity display a

reduced performance in tasks that assess (food specific and general) response inhibition
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(Lavagnino et al., 2016; Price et al., 2016; Svaldi et al., 2015). Moreover, a higher BMI was
also shown to be inversely correlated with decreased food-related response inhibition

(Batterink et al., 2010; Houben et al., 2014), which in turn is positively correlated with

increased consumption of unhealthy food (Dohle et al., 2018). In addition, there is evidence
that in combination with strong impulse tendencies, reduced inhibitory control is associated
with weight gain (Dohle et al., 2018; Hofmann et al., 2014; Nederkoorn et al., 2010). Based
on this evidence, the improvement of inhibitory control is a potentially relevant target for the

prevention and treatment of overweight and obesity.

The Inhibitory Spillover Effect (ISE) is a recently introduced effect shown to effectively
increase inhibitory control. For the ISE to occur, two independent tasks are executed
simultaneously with inhibitory control performed in one task and unintentionally transferred to
a second, unrelated task (Tuk et al., 2015). As an example, inhibitory control is transferred
from the intentional control of one’s own thoughts (e.g., by avoiding to think about kittens
having just seen a picture of kittens), to self-control scenarios in a choice and volition task
that are contemporaneously processed (Tuk et al., 2015). Here, it was shown that individuals
instructed to engage in self-control (i.e., not to think about the just seen kitten) indicated a
higher sense of will and chose later but larger rewards than individuals not instructed to
concurrently engage in self-control. Further examples for the ISE include the transfer of
inhibitory control from heightened bladder pressure to the performance in an interference
task (Stroop task), the spillover of emotion control to concurrent unhealthy food consumption,
the transfer from active motor control in a response inhibition task (Stop-Signal task [SST]) to
amygdala activity during the processing of emotional faces, and from control of defecatory
urge to intertemporal monetary choices in a delay discounting task (Berkman et al., 2009;
Tuk et al., 2011, 2015; Zhao et al., 2019). Two meta-analyses further confirmed the ISE and
found small to moderate effect sizes with cognitive induction revealing the highest effect size

(Tuk et al., 2015; VBhringer, Schroeder, et al., 2023).

In the present work we applied the ISE by means of cognitive induction through

cognitive priming following procedures of Rotenberg et al. (2005) and Tuk et al. (2011) in two
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studies with different outcome measures. The overall goal of this work was to examine
whether ISE can reduce eating behavior. Therefore, in study 1 the impact of the ISE on
eating behaviour was measured by means of calorie consumption in a simultaneous bogus
taste test (BTT) as a reliable measure of food intake in laboratory-based experiments (e.qg.,
Robinson et al., 2017; Svaldi et al., 2014; Vohringer, Hutter, et al., 2023). We further
measured food-related inhibitory control more directly in a simultaneous SST with food
stimuli in study 2. In both studies, participants with normal weight (NW) and overweight’
(OW) were included and randomized to either an ISE or a neutral condition. This resulted in
four subgroups in each study. We expected significantly lower calorie consumption (study 1)
and increased response inhibition (as evidenced by a reduced stop signal reaction time
(SSRT) in the SST; study 2) in the ISE condition relative to the neutral condition. In addition,

we expected these differences to be more pronounced in OW relative to NW.

' We use “overweight” as group label for participants with overweight and obesity (BMI between 25.0
and 39.9), because food-related inhibition deficits are associated with increasing BMI (Houben et al.,
2014).
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2 Study 1

Study 1 provided a first test of the ISE induced through cognitive priming on calorie

consumption in a concurrent BTT in participants with NW and OW.

2.1 Methods

The present study was conducted in accordance with the ethical code of the World
Medical Association (Declaration of Helsinki) and approved by the local ethics committee

(project 861/2018B02).

2.1.1 Sample

Initial and preregistered sample size calculation of 128 participants in total was based
on earlier findings for the medium to high effect size of the ISE (Hung & Labroo, 2011; Tuk et
al., 2011). However, based on a recent meta-analysis (Vohringer, Schroeder, et al., 2023)
which yielded a high effect size of d = .61 for cognitive inductions of the ISE, we calculated a
total sample size of 92 participants (46 participants per group, 23 participants per condition,
respectively). This sample size is sufficient to detect condition differences with an assumed
power of (1 - B) = .80 and an a-level of .05. This re-calculation was conducted and

additionally preregistered during data collection but before data analysis.

Recruitment of participants was conducted by means of university newsletters, an
internal subject database, postings and flyers in the university and public places such as
libraries, cafés, doctor’s offices, pharmacies, or supermarkets, as well as articles and
advertisement in newspapers and public transport. Note that participant recruitment for
studies 1 and 2 was carried out jointly and participants were randomly assigned to one of the

two studies. Data collection for study 1 took place from 04/2019 to 10/2022.

Inclusion criteria for participants with OW was a BMI between 25.0 and 39.9, for
participants with NW a BMI between 19.0 and 24.9. Exclusion criteria for both groups were
minority and an age over 60 years, no fluent German, a lifetime or current eating disorder,

current manic episodes, hallucinations, psychosis, acute suicidality, or alcohol and/or
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substance addiction, severe eye-related diseases, current pregnancy, or lactation, current
severe physical or neurological disease (e.g., cancer), current participation in therapy or self-
help programs aiming at weight reduction as well as allergies or intolerance against content
of the served breakfast or the BTT. Eating disorders were assessed with the Eating Disorder
Examination (EDE; Fairburn et al., 2014; German version by Hilbert & Tuschen-Caffier,
2016a), all other mental disorders were established by the Structured Clinical Interview for
DSM-5, Clinical Version (SCID-5-CV; First et al., 2016; German version by Beesdo-Baum et
al., 2019a) and the and the Structured Clinical Interview for DSM-5 Personality Disorders
(SCID-5-PD; First et al., 2015; German version by Beesdo-Baum et al., 2019b). Groups were
matched on age, gender distribution, education, and proportion of smokers. For sample

characteristics see Table 1.

2.1.2 Material

2.1.2.1 Induction Procedure

The ISE and the neutral? condition were identical except for the material used in the
induction task. Both the ISE and the neutral condition were realized by means of cognitive
priming. Specifically, we followed a procedure by Rotenberg et al. (2005) in which
participants were asked to learn and retain ten words. For every word, the task comprised a
learning phase, a mnemonic phase, and a recall phase. In the learning phase, words were
presented separately in a randomized order. Participants learned a presented word and
typed it in a provided box. This was followed by a blank screen and participants had to retain
the word for ten seconds (mnemonic phase). After ten seconds, participants were asked to

type in the retained word once more in a provided box (recall phase).

Crucially, for the ISE to occur, participants needed to retain all presented words

during the subsequent tasks until the end of the study. This was emphasized at the

2 We use "neutral” instead of the rather common term “control” to avoid confusion with the ISE
condition which incorporates the use of control-related material.
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beginning of the task with the additional information, that word recall was going to be
assessed at the end of the experiment (i.e., following the BTT). The necessity to retain the
words was emphasized at the end of the induction task once more both in written format and
verbally by the instructor. Finally, the instruction was repeated by the instructor before the

start of the BTT.

In both the ISE and neutral conditions, participants had to memorize five adjectives
and five nouns. In the ISE condition, the five adjectives were control-related: thoughtful,
thorough, composed, controlled, and sovereign. In the neutral condition the five adjectives
were non-control-related: familiar, safely, settled, adorable, and hereditary. Control-related
and non-control-related adjectives differed significantly in relation to self-control but were
similar for valence, frequency, number of syllables, length, arousal, complexity, relation to
food, and relation to body as pretested with N = 93 participants. Nouns were office
paraphernalia and a selection of five words was randomly taken out of ten words: stapler,
binder, pencil, ballpoint pen, folder, ruler, lamp, triangle, eraser, paper, scissors, hole punch,

marker, edding, marker pen.

2.1.2.2 Manipulation Checks

We used the revised Eating Attributional Style Questionnaire (EASQ; Rotenberg et
al., 2005) to assess perceived control over food consumption. The EASQ consists of two
scenarios of modest and two scenarios of indulgent eating behavior. For each scenario, the
participants were asked to imagine themselves as the protagonist and answer two questions:
(1) “How much did your eating behavior depend on other people or circumstances or on
you?” on a seven-point scale with the anchors “Depended only on other
people/circumstances” and “Depended only on me”, and (2) “How much could you change
your eating behavior yourself?” on a seven-point scale with the anchors “Not at all” and
“Completely”. Scenarios were translated to German by one author (JV) and translated back

by a bilingual English native speaker. Any inconsistencies were clarified subsequently.
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195 2.1.2.3 Bogus Taste Test

196 Calorie consumption was assessed by means of a 20-minute BTT, which required
197 participants to taste and rate seven different salty, sweet, and neutral snacks served in large
198 bowls on nine dimensions (e.g., saltiness, sweetness) on visual analogue scales (VAS),

199  while their consumption was covertly recorded by weighing the food bowls prior to and after
200 the BTT. Participants were instructed to accurately complete the VAS and that they could eat
201  as much as they wanted having completed the ratings. For further details see Voéhringer et al.

202  (2023), who used the exact same procedure.

203 2.1.2.4 Online Questionnaires

204 Prior to participation in the experimental session we applied the following online

205 questionnaires to assess general and eating-specific pathology: (1) The Beck Depression
206  Inventory to measure depression severity, (2) the BIS/BAS scales (Carver & White, 1994;
207  German version by Strobel et al., 2001) as measures for the Behavioral Inhibition System
208  (BIS) and the Behavioral Approach System (BAS) proposed by Gray (1991, 1994), (3) The
209  Dutch Eating Behavior Questionnaire (DEBQ; van Strien et al., 1986; German version by
210  Grunert, 1989) for the assessment of external eating, emotional eating, and restraint eating,
211 (4) The Eating Disorder Examination Questionnaire (EDE-Q; Fairburn & Beglin, 1994,

212 German version by Hilbert & Tuschen-Caffier, 2016b) to assess participants’ overall eating
213 pathology, restraint eating, eating concerns, weight concerns, and shape concerns, (5) The
214  Eating Disorder-specific Interoceptive Processing (EDIP; van Dyck et al., 2017) scale to
215  measure participants’ interoceptive perception of satiety, hunger, and emotions, and the
216  ability to discriminate between those states, (6) The Restraint Scale (RS; Herman & Polivy,
217  1980; German version by Dinkel et al., 2005), which displays the magnitude of participants’
218  restraint eating, and (7) The Brief version of the Self-Control Scale (Tangney et al., 2004;
219  German version SCS-K-D by Bertrams & Dickhauser, 2009), which measures self-control
220 capacity. For details in regard to psychometric properties, internal consistency and results of

221  the questionnaires see Supplements 1 and 2.
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2.1.2.5 Laboratory measures

We applied two different measures to assess participants’ affective and physiological
states: (1) The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988; German
version by Krohne et al., 1996) captures positive and negative affect with the help of ten
positive and ten negative adjectives. ltems are rated on a five-point scale from “not at all” to
“‘extremely”. The two-factor structure was confirmed with high internal consistency but poor
retest-reliability for habitual emotions in both scales. The two subdimensions positive and
negative affect are represented by the mean value of their ten assigned items with higher
values indicating a higher magnitude. In this study the internal consistencies were a = .82,
and a = .74 for the positive and negative affect subscales, respectively. (2) We measured
several states with the help of visual analogue scales (VAS; ratings 0 — 100): hunger, satiety,
thirst, fear, anxiety, stress, sleepiness, sadness, need for sweet food, need for savory food,

and need for food in general.

2.1.2.6 Procedure

General procedure: Interested participants completed a telephone screening to
roughly screen inclusion and exclusion criteria. After this screening, potential participants
were invited to a diagnostic session during which participants were once more informed
about the study procedures and gave written informed consent. Following this, the EDE and

SCID were administered.

As the menstrual cycle affects food intake (e.g., Buffenstein, 1995), all female
participants attended experiments in their luteal phase. For fertile and naturally cycling
women, we used ovulation sticks to determine the beginning of the luteal phase. For women
in menopause and women on hormonal contraception no ovulation sticks were needed.
Furthermore, we aimed to keep the temporal distance between the diagnostic session and
the actual experiment under 14 days. Online questionnaires were completed at home, prior

to the experimental session. Following the experimental session, participants with NW were
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debriefed, reimbursed, and thanked, whereas participants with OW were invited to participate

in a subsequent training study.

Experimental procedure: The procedure of the experiment followed a tight protocol.
For a rough illustration of the sequence, see Figure 1. Participants arrived at the laboratory at
07:30 am and received a standardized ad-libitum breakfast in a 20-minute time frame to
reach an individually sufficient satiety. The served breakfast consisted of two buns, two slices
of cheese or one slice of cheese and two small slices of salami, one piece of butter, one
small jar of marmalade, two tumblers of hot and cold water as well as tea bags. Dishes were
covertly weighed before and after the breakfast with a milligram-exact kitchen scale to

calculate calorie consumption.

Following the breakfast, participants were guided to another room and filled-in the
VAS for the first time. Then, participants watched a nature documentary (“Planet Erde”, BBC,
2006) for 30 minutes. As part of the cover story, participants were told that the movie should
set every participant’s mood to the same baseline level. The actual reason was to give
participants time to digest the breakfast. The movie was carefully chosen by one author (JV)
regarding possible disturbing scenes (e.g., hauseating scenery) and pre-tested before the
begin of data collection (N = 10). Subsequently, participants conducted the induction task.
After the task, participants were reminded to retain the learned words also during the
subsequent tasks. Then, they filled in the PANAS and the VAS for the second time before
being guided to another room where the participants executed the BTT. Prior to the BTT,

they once more were reminded to retain the previously memorized words.

After the BTT, participants were brought back to the previous room and filled in the
EASQ and the VAS for the third time and were asked to reproduce the words from the
memory task. Finally, participants with NW were debriefed, reimbursed, and thanked
whereas participants with OW were invited to participate in a subsequent training study. In
total, the duration from the induction task to the end of the experimental execution was about

30 minutes.
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We were forced to stop data collection due to the COVID-19 pandemic in spring
2020. After restarting data collection, we asked participants to wear FFP2 masks during

participation except for the breakfast and the BTT.

2.1.3 Design, Data Preparation, and Statistical Analyses

Hypotheses for this study were specified before data collection began. Analysis

methods were pre-specified and exploratory analyses are clearly indicated as such.

In the present study we used a two-factor between-subject design with the factors

weight group (OW, NW) and priming condition (ISE, neutral).

The first VAS was missing for one participant due to technical problems and was
replaced with the second VAS of this participant. Calorie consumption for one snack was
missing for one participant and was replaced by the mean value for this snack from the other
participants of the respective subgroup. For seven participants, online questionnaires were
unusable due to deviations in the data collection process. As preregistered, we checked for
the correct execution of the induction task and outcome measure. All participants’ data were

suitable.

Following Leys et al. (2019), we checked for erroneous, interesting, and random
outliers. We detected several outliers but decided to keep most according to Leys et al.
(2019). One value in a pre-post snack difference was detected as error outlier and therefore
replaced by the mean value for this snack from the respective subgroup. Furthermore, prior
to analyses of variance (ANOVAs), we checked for violations of normal distribution and
homogeneity of variances. We detected violations of assumptions for ANOVA for the main
analysis and applied bootstrapping as a robust method recommended by Field (2013),

following our preregistration.

We calculated differences in calorie consumption in the BTT with a 2 (weight group:
OW vs. NW) x 2 (priming condition: ISE vs. neutral) bootstrapped ANOVA as main analysis.

We also conducted a 2 (weight group: OW vs. NW) x 2 (priming condition: ISE vs. neutral)
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ANOVA to analyze individually perceived control over food consumption in the EASQ as

manipulation check.

2.2 Results

2.2.1 Manipulation Check

We checked the influence of the ISE on individually perceived control over food
consumption by means of the EASQ. The 2 x 2 ANOVA with the factors weight group (NW
vs. OW) and priming condition (ISE vs. neutral) revealed neither a significant interaction (F[1,
88] = 0.14, p = .707, ny? = .00), nor any significant main effects (weight group: F[1, 88] =

3.67, p = .058, ny? = .04; priming condition: F[1, 88] = 0.06, p = .802, ny,? = .00).

2.2.2 Main Results

The 2 x 2 bootstrapped ANOVA with the factors weight group (NW vs. OW) and
priming condition (ISE vs. neutral) on calorie consumption in the BTT revealed neither a
significant interaction (F[1, 88] = 0.53, p = .458, n,? = .01), nor a significant main effect of
weight group (F[1, 88] = 0.01, p = .917, ny? = .00). There was, however, a main effect of
priming condition with higher calorie consumption in the ISE relative to the neutral condition

(F[1, 88] = 5.00, p = .026, np2 = .05).

2.2.3 Post-hoc analysis

Given the unequal age distributions in the four subgroups (see Table 1) and possible
influences of age on food intake (De Castro, 1993), we conducted a bootstrapped analysis of
covariance (ANCOVA,; post-hoc and not preregistered). The 2 x 2 bootstrapped ANCOVA
with the factors weight group (NW vs. OW) and priming condition (ISE vs. neutral) and the
covariate Age revealed a significant effect of the factor Age, whereas there was no significant
weight group x priming condition interaction and no significant main effects (b = 1000;

interaction weight group x priming condition: F[1,87] = 1.65, p = .179, ny,? = .02; weight group:

115



327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

Does inhibitory control spill over to eating behaviors?

F[1,87] = 0.13, p = .695, nyx? = .00; priming condition: F[1,87] = 3.45, p = .071, n,? = .04;

covariate Age: F[1,87] = 9.66, p = .002, ny? = .10; see Figure 2).

2.3 Discussion

Study 1 tested the effect of the ISE induced through cognitive priming on calorie

consumption in a concurrent BTT in participants with NW and OW.

Contrary to our expectations, we neither found lower calorie consumption in
participants allocated to the ISE condition. Nor did we find a more pronounced reduction in
calorie consumption in participants with OW relative to participants with NW. On the contrary,
we found a significantly higher calorie consumption in participants allocated to the ISE
condition. Possibly, this opposite result was related to the age difference between the two
conditions, which was due to an older mean age in the OW group allocated to the neutral
condition. This group, in fact, consumed fewer calories, leading to a reduced consumption in
the neutral condition across groups. In part, this may be due to a reduced energy
expenditure in participants with increasing age (Bosy-Westphal et al., 2003; Klausen et al.,
1997). In fact, when controlling for age differences in the analyses, the results indicated a
comparable food consumption in the BTT across groups and conditions. This comparability is
further strengthened by the EASQ as a manipulation check, which revealed no significant

differences on any factor or combination of factors.

Consequently, ISE induced through cognitive priming did not influence concurrent
food consumption, which is in line with the somewhat mixed results of ISE inductions in the
realm of unhealthy food consumption (Tuk et al., 2015). This suggests that, at best, effects

are small or dependent on boundary conditions yet to be understood.
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3 Study 2

Study 2 investigated the influence of ISE on food-related response inhibition more
directly rather than actual eating behaviour. For this purpose, the BTT was replaced by an

SST.

3.1 Methods

The present study was conducted in accordance with the ethical code of the World
Medical Association (Declaration of Helsinki) and approved by the local ethics committee

(project 861/2018B0O2).

3.1.1 Sample

Study 2 included a new sample of NW and OW participants (for recruitment and
randomization see study 1). Given the same induction method, sample size calculation was

equal to study 1. Data collection for study 2 took place from 04/2019 to 12/2022.

Inclusion and exclusion criteria, diagnostic interviews and groupwise matching were
analogous to study 1, except for the exclusion criteria of allergies or intolerance against
content of the BTT, because there was no BTT in the present study. For sample

characteristics see Table 2.

3.1.2 Material

3.1.2.1 Induction Procedure

The induction procedure for the ISE and the neutral condition was analogous to study
1 with the exception that participants were instructed to retain the memorized words prior to

the SST, which substituted the BTT.
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3.1.2.2 Manipulation Checks

For manipulation checks we used the same methods and instruments as in study 1.
However, we additionally applied an open question about the possible use of strategies

during the SST.

3.1.2.3 Stop-Signal Task

The adaptive SST is a computerized task to measure inhibitory control. In the SST,
participants execute a simple primary task (e.g., orientation discrimination), during which a
delayed stop signal appears on some proportion of trials (Logan et al., 1997; Logan &
Cowan, 1984). The task is based on a race model between a primary task (go) process and
a stop-signal (stop) process: Depending on which process is terminated first, the response is
either executed or inhibited (Logan & Cowan, 1984). The adaptive stop signal delay (SSD)
between the onset of a trial and the appearance of a potential stop signal is adjusted
dynamically in reaction to the participants performance in order to reveal the timing at which
participants correctly inhibit 50% of the stop trials: After every correct inhibition, the SSD is
prolonged to increase task difficulty whereas after every erroneous reaction despite a stop
signal, the SSD is reduced to decrease task difficulty (Logan et al., 1997). Performance in
the task is displayed by the SSRT with a lower SSRT indicating better inhibitory control
(Logan et al., 1997). The SST is widely used and well established method to capture
inhibitory capacity in participants with and without psychopathology (Lipszyc & Schachar,
2010; Verbruggen et al., 2019; Verbruggen & Logan, 2008) as well as overweight and

obesity (e.g., Houben et al., 2014; Svaldi et al., 2014).

In this study, we modeled the task after the SST used by Houben et al. (2014)
combined with recent recommendations for implementation of the SST by Verbruggen et al.
(2019). Participants performed a food-specific SST with four highly palatable food pictures
(popsicle, cake, chips, salted peanuts; maximum width: 22cm) presented either in landscape
or portrait format in the center of the screen. The same picture never appeared twice in a

row, and all stimuli were presented at equal frequency. As primary task, participants were

118



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

Does inhibitory control spill over to eating behaviors?

asked to indicate the orientation of the picture as fast as possible by pressing the left or right
control key on the keyboard. The keys were marked with colored stickers and assignment of
orientation was determined randomly. We used a red frame (R/G/B: 230/0/5) around the
picture as visual stop signal, which appeared randomly in 25% of the trials. Every picture
appeared in 25% of the stop-trials. Participants were instructed not to respond when the stop

signal appeared.

At the beginning of the task, participants read the instruction and executed two
training blocks with five trials each until they succeeded in all trials: The first training block
with the primary task only, the second training block with the stop signal introduced and
added in two of five trials. The SSD was initially set at 200ms at the start of the second
training block as well as at the start of the main experiment and was subsequently
dynamically adapted: In case of correct stopping, the SSD was increased by 50ms, in case
of an erroneous reaction, the SSD was decreased by 50ms. The minimum and maximum

SSD were 100ms and 900ms.

The actual SST consisted of two blocks with 112 trials each and a break between the
two blocks, individually terminated by the participants. Between trials, a black fixation cross
appeared during a randomly set inter-stimulus-interval between 500ms and 800ms. When
there was no reaction on a trial without a stop signal, the prompt faster appeared after 750ms
on the top of the screen. Each trial ended automatically after 1250ms. Reminder of the
instructions appeared before the start of the main experiment and in the pause between the
two main blocks. Core aspects, such as not to wait for a potential stop signal, were

additionally emphasized by the instructor before the start of the main experiment.

The SSRT as dependent variable was calculated with the integration method with
replacement of go omissions proposed by Verbruggen et al. (2019), as this method produces
a more reliable and less biased SSRT estimate than the widely used mean method. Lower

SSRTs indicate a better inhibitory control capacity.
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3.1.2.4 Online Questionnaires, Measures at Laboratory, Procedure

We applied the same online questionnaires as in study 1 (see Supplement 1 and
Supplement 3 for details and results). We also used the same measures at the laboratory as
in study 1. The internal consistencies for positive and negative affect subscale of the PANAS
applied in laboratory were a = .86 and a = .85, respectively. The procedures of study 2
followed those of study 1 except for the second task: In study 2 participants conducted an
SST. Furthermore, the whole experiment was executed in the same room. For a rough
illustration of the sequence see Figure 1. The total duration from induction task to the end of

the experimental execution was about 20 minutes.

We were forced to stop data collection due to the COVID-19 pandemic in spring
2020. After restarting data collection, we asked participants to wear FFP2 masks during

participation except for the breakfast and the SST.

3.1.3 Design, Data Preparation and Statistical Analyses

Hypotheses for this study were specified before data collection began. Analysis

methods were pre-specified and exploratory analyses are clearly indicated as such.

In the present study, we used a two-factor between-subject design with the factors

weight group (OW, NW) and cognitive priming condition (ISE, neutral).

As preregistered, we checked assumptions according to Verbruggen et al. (2019) and
Svaldi et al. (2015). As suggested, we first compared reaction times on go trials and
unsuccessful stop trials to ensure that assumptions for the race model were met. Second, we
checked probabilities for responding on stop trials to ensure a reliable SSRT estimate. Third,
we checked for an individually adjusted maximum criterion of go omissions. All these
assumptions were met by all participants. For SST descriptive statistics for each weight
group and each priming condition see Table 3. Furthermore, prior to ANOVAs, we checked

for violations of normal distribution and homogeneity of variances. We detected violations of
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assumptions for ANOVA for the main analysis and applied bootstrapping as a robust method

recommended by Field (2013), and analogous to study 1.

For five participants, online questionnaires were unusable due to deviations in the
data collection process. As preregistered, we checked for correct execution of the induction

task and outcome measure. All participants’ data were suitable.

We calculated differences in the SSRT with a 2 (weight group: OW vs. NW) x 2
(priming condition: ISE vs. neutral) bootstrapped ANOVA as main analysis. We also
conducted a 2 (weight group: OW vs. NW) x 2 (priming condition: ISE vs. neutral) ANOVA to
analyze individually perceived control over food consumption in the EASQ as manipulation

check.

3.2 Results

3.2.1 Manipulation Check

The 2 x 2 ANOVA with the factors weight group (NW vs. OW) and priming condition
(ISE vs. neutral) on the EASQ revealed neither a significant interaction (F[1, 88] = 2.06, p =
.155, ny? = .02), nor any significant main effects (weight group: F[1, 88] = 0.55, p = .461, ny? =

.01; priming condition: F[1, 88] = 0.08, p = .775, ny? = .00).

3.2.2 Main Results

The 2 x 2 bootstrapped ANOVA with the factors weight group (NW vs. OW) and
priming condition (ISE vs. neutral) on the SSRT in the SST revealed neither a significant
interaction (F[1, 88] = 0.10, p = .777, ny? = .00), nor any significant main effects (weight
group: F[1, 88] = 1.05, p = .307, ny? = .01; priming condition: F[1, 88] = 0.02, p = .888, n,? =

.00; see Figure 3)3.

3 As there were effects of age in study 1, we decided to also include age as a covariate even though
there was no varying age in the subgroups of study 2. Results of bootstrapped ANCOVA were
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3.3 Discussion

In study 2 we examined the effect of the ISE induced by means of cognitive priming

on performance in a concurrent SST in participants with NW and OW.

Contrary to our expectations, we neither found lower SSRTs in participants allocated
to the ISE condition, nor were there more pronounced SSRT reductions in the OW group.
Group comparability was further evident in the perceived subjective control over food
consumption as assessed by the EASQ. Thus, priming may not be the appropriate induction
method to facilitate food-related response inhibition. For further discussion see the general

discussion section.

comparable with age as a non-significant covariate [interaction: F(1, 87) = 0.07, p = .791, np? = .00;
covariate age: p = .524].
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4 General discussion

Based on evidence of an insufficient inhibitory control in individuals with OW and
obesity, we tested whether the application of the ISE by cognitive priming beneficially affects
hedonic food consumption (study 1) and food-related response inhibition (study 2). Calorie
consumption was measured by the BTT as a valid measure in laboratory studies (Robinson
et al., 2017). The SST was used as a widely applied measure to assess inhibitory control in
overweight and obesity (Houben et al., 2014; Svaldi et al., 2014). Both studies included

participants with NW and OW who were randomized to either an ISE or neutral condition.

Contrary to our expectations and across groups, the induction of the ISE did neither
affect calorie consumption nor food-related response inhibition. This was further mirrored in
the subjectively perceived control over food consumption in the EASQ, which was also
comparable across weight groups and cognitive priming conditions. Notably, in study 1 the
results even pointed towards an inverse ISE effect, albeit - as confirmed by an ANCOVA -
this was related to random variation of age in the neutral condition relative to the ISE
condition. Hence, at least as implemented in the present studies, the ISE is not sufficient to

increase control over hedonic food consumption or food-related response inhibition.

One reason for the null results found could be related to the method used to induce
the ISE effect. Of note, previous research has yielded evidence for several effective ISE
induction types. These include attentional and cognitive procedures, but also motor and
physiologically-based approaches (e.g., Hung & Labroo, 2011; Tuk et al., 2011, 2015; Zhao
et al., 2019). Based on meta-analytic findings which identified cognitive inductions as most
effective (Tuk et al., 2015; Vohringer, Schroeder, et al., 2023), we used cognitive priming (as
a cognitive induction of inhibition) to test for spillover effects to food consumption and food-
related response. However, even though initial evidence supports ISE modulation of
behavioral responses by cognitive approaches across several tasks including choice, volition
and attention tasks, but also complex behavior such as lying (Fenn et al., 2015; Tuk et al.,

2011, 2015), the domain of eating has only rarely been tested. To emphasize, studies
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conducted in this domain did so by implementation of varying ISE induction procedures and
yielded mixed results (Tuk et al., 2015; Vohringer, Hutter, et al., 2023). Thus, cognitive
approaches might be beneficial for a range of behavioral modulation by ISE outside the
domain of food intake. Alternatively, a strongly automatized behavior such as food
consumption might need a more powerful ISE induction. Therefore, future research in this
area needs a more fine-grained focus on the best induction method for behaviors including
strong hedonic approach tendencies. Establishing alternative methods, however, should not
only regard induction type. As an example, previous research identified the duration of the

ISE induction to be a critical moderator (Véhringer, Schroeder, et al., 2023).

Another possible explanation for the absence of an ISE in the present studies could
be related to the cognitive activation instigated by the implemented cognitive priming task.
Specifically, in the present studies participants were required to memorize five adjectives and
five nouns. Notably, only the adjectives were thought to induce a state of control in the ISE
condition, while the nouns were task irrelevant. However, possibly due to the more concrete
representation of nouns (e.g., ruler) relative to adjectives (e.g., thoughtful), nouns are more
easily recollected than abstract adjectives (Lockhart, 1969). Moreover, semantic memory is
organized in noun categories (Loftus, 1972). In children nouns are more easily retained than
adjectives (Gasser & Smith, 1998). Given their superiority, the nouns may have been more
salient than the adjectives and thereby may have prevented the induction of a state of control
which is the foundation of the ISE. Thus, future studies might exclusively rely on adjectives to
test whether an ISE induction with a higher cognitive activation is more effective. Indeed, in
the present studies recall for nouns was significantly better than for adjectives in both

conditions (see Supplement 4 for statistics, Ms and SDs).

Beyond this, it is important to emphasize that the cognitive priming implemented in
the present studies slightly differed from the priming procedure used in other studies (e.g.,
experiment four by Tuk et al., 2011). For example, in Tuk et al. (2011) priming was
implemented through a specific search for adjectives and nouns both related to the same

topic (i.e., urination urgency-related words or urination urgency-unrelated words) which was
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537 an effective procedure for the modulation of subsequent behavior (i.e., choices in an

538 intertemporal choice task). We refrained from bladder control as cognitive induction

539  procedure for several reasons. First of all, as an unintended, automatic form of control,

540  bladder control could complicate the future development of ISE interventions. More

541 important, the manipulation of bladder control requires participants to drink large amounts (or
542  very little amounts) of water, which most likely confounds with satiety. That is, participants
543  allocated to the high bladder control condition could feel more satiated and thus eat less.
544  This could be true not only for a bladder control induced ISE by water drinking but also for
545  urination urgency-related words. As such, the modulation of the ISE induction by bladder
546  pressure in the study by Tuk et al. (2011) study might have been confounded by a higher
547  satiety in the “higher bladder-pressure” group, which was unfortunately not measured.

548  Beyond the possible satiety confound, however, Tuk et al. (2011) also used a less complex
549  behavior to be influenced. That is, while the authors implemented an intertemporal choice
550 task with eight questions, the present studies went beyond self-report by testing ISE effects
551 on actual behavior (note, however, that we still did not find any self-reported differences on

552 the EASQ).

553 This notwithstanding, other studies (e.g., Rotenberg et al., 2005) used recall of five
554  adjectives and five nouns for cognitive priming and showed effects as intended on perceived
555  control over food consumption and actual subsequent food consumption. However, there
556  were important differences to the studies reported here. Specifically, while Rotenberg et al.
557  (2005) used adjectives related to /ack of control as neutral words, the present studies used
558  adjectives unrelated to control as neutral stimuli. Even though dichotomy in relation to control
559  for material for the ISE and neutral condition was demonstrated through pre-tests, a higher
560 discrepancy in semantic meaning may be necessary to induce different states of control.
561  Additionally, there were differences in the measurement of the actual food consumption:

562  Rotenberg et al. (2005) used only one type of snack, ice cream. Furthermore, research

563  shows better inhibitory control for food that is tempting but refrained (e.g., chocolate;

564  Schroeder et al., 2023), which is usually also the case for ice cream. Hence, participants are
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skilled at refraining from consumption. By contrast, we presented several different types of
snacks both in the BTT and SST, thereby increasing complexity and processing capacity,

and expanding the possibility for vulnerabilities for certain snacks.

From another angle, our design does not allow to test whether participants retained
the words during the respective second task, or if something like task-switching occurred. In
case of the latter, task switching costs may have emerged (e.g., Kiesel et al., 2010) and
possibly interfered with establishing and spill-over a state of control. Future ISE studies
should therefore incorporate monitoring measures to ensure simultaneous execution of
inhibitory control throughout the outcome measure. In line with this reasoning, research into
sequential cognitive control has indicated that changes to context-defining features can
reduce the opportunity for spillover in adaptive cognitive control (L. D. Grant et al., 2020;
Schumacher & Hazeltine, 2016). More precisely, they observed adaptive control to be limited
to one sensory modality, indicating the presence of contextual boundaries. Applied to the
present studies, potential boundaries may have hampered a spillover of inhibitory control,
particularly regarding the change of context (room) in experiment 1. Thus, future research
needs to identify possible boundaries in the simultaneous exertion of control, and to
investigate whether ISE and conflict adaptation can plausibly be studied under a joint

theoretical umbrella.

Furthermore, it is important to acknowledge the effect of age on food consumption in
the BTT (study 1). For once, this could be due to a reduced energy expenditure in higher
aged individuals, which may have led to a reduced calorie intake in the BTT (Bosy-Westphal
et al., 2003; Klausen et al., 1997). However, other studies reported higher snacking for
middle aged participants compared to younger participants (Murakami & Livingstone, 2016;
Si Hassen et al., 2018). As effects in the BTT are rather small (Robinson et al., 2017),
stratification to experimental conditions according to age (and possibly biological sex) might

be advisable.
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Last but not least and contrary to our assumption, response inhibition (SSRTs) did not
differ between the NW and OW group (study 2). Notably, contradictory results in SST studies
conducted with individuals with NW, OW, and obesity have previously been reported
(Chamberlain et al., 2015; J. E. Grant et al., 2015; Mole et al., 2015; for overviews see
Bartholdy et al., 2016, and Lavagnino et al., 2016). One reason for the discrepant results
could be of contextual nature. In particular, while most studies at least ensured comparable
levels of hunger prior to task administration (Guerrieri et al., 2008; Svaldi et al., 2014), some
delivered a standardized breakfast (Alatorre-Cruz et al., 2021; Wu et al., 2013). By contrast,
in the present study an ad-libitum breakfast was served prior to the SST. Possibly,
participants in the OW group already displayed a more hedonic eating behavior relative to
their normal food intake at breakfast, which in turn might have obscured SST performance
differences between the NW and OW group. In addition to the measurement of calorie intake
during the ad-libitum breakfast, future studies should therefore assess whether breakfast
intake in the experimental session is comparable to participants’ daily breakfast intake. Other
methodological reasons could also account for the similar SSRT between groups.
Specifically, group differences in the SST mainly emerge in longer SSTs and later blocks due
to OW participants’ difficulties in the maintenance of inhibitory control. For example, in a
study by Nederkoorn et al. (2006), increased and statistically distinct SSRTs in participants
with obesity were detected only in the last of four blocks with 128 trials each; thus, their
version of the SST was more than twice as long as the SST in the present study. As such,
the SST implemented in study 2 may have been too short to reveal pertinent differences in
the SSRT. Finally, a more distinct differentiation in the overweight spectrum (i.e., overweight
vs. obese weight status) may be advisable. The BMI and inhibition capacity are inversely
correlated and participants with overweight and obesity differ on inhibition capabilities with
participants with overweight showing better response inhibition (Batterink et al., 2010; Yang

et al., 2018).

The current studies had several strengths: We preregistered both studies before the

start of data collection or before the start of data analysis, respectively. We conducted both
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studies with strict and each adjusted trial protocols, with predefined timings for all segments
as well as a standardized maximum breakfast size and an ad-libitum breakfast instruction* to
ensure comparable but capped satiety. Additionally, we aligned experimental sessions with
regard to the female cycle. We also conducted an in-depth diagnostic interview for a good
characterization of our participants. Furthermore, we closely followed widely acknowledged
recommendations by Verbruggen et al. (2019) for planning, conduction, analysis, and
reporting of the SST. Finally, based on a broad and up-to-date meta-analysis (Vohringer,

Schroeder, et al., 2023), sample size was sufficient to detect the targeted effect.

Against these strengths, there are also several limitations to be accounted for. Desire
for snacking is low in the morning and increases during the day (Reichenberger et al., 2018).
This might have obscured possible ISE effects on the BTT. Also, participants in the OW
group were rather overweight than obese which may have influenced results as outlined

above.

In conclusion, the ISE might be a promising approach to target inhibition, possibly
also in the domain of overeating. However, more research about the appropriate induction
methods, the role of outcome task difficulty, induction-outcome fitting, and possible task
boundaries are necessary to advance the ISE theory and its implications for clinical research.
Cognitive induction, as applied in these studies, did not prove successful. Therefore, more
fundamental research about feasible induction methods, probably task-dependent, as well as

theory advancement on the ISE is needed.

4 Groups had comparable calorie consumption at breakfast (see Tables 1 and 2 for details).
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900 Figure 1
901

902  Experimental procedures (study 1 and study 2)

Induction
task

Manipulation

BTT or SST checks: Recall

and EASQ
903 20min 30min 2min 20min (BTT) or 10min (SST) 1min

Breakfast

904  Note. BTT = bogus taste test, SST = stop-signal task. Cartoon controller by rivercon. Cartoon list by
905 Rob Crosswell.
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907
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908 Figure 2
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910  Calorie consumption in the BTT
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912 Note. Figure depicts results of ANCOVA without bootstrapping. NW = participants with normal weight,

913 OW = participants with overweight. Error bars represent standard errors.
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915 Figure 3
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920 OW = participants with overweight. Error bars represent standard errors.
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Supplement Material

Supplement 1

Details Online Questionnaires (study 1 and study 2)

(1) The Beck Depression Inventory (BDI-II; Beck et al., 1996; German version by
Hautzinger et al., 2006) is a widely used instrument for the measurement of depression. The
BDI-Il captures the severity of depression in the last two weeks on a single-factor model with
21 items with customized responses on a scale from 0 to 3 whereby higher values reflecting
a higher magnitude. High internal consistency, satisfying retest reliability, content,
discriminative and confirmative validity as well as sound differentiation capability were
confirmed (Kihner et al., 2007). The internal consistency in study 1 was a = .87. The internal

consistency in study 2 was a = .86.

(2) The BIS/BAS scales (Carver & White, 1994; German version by Strobel et al.,
2001) display the magnitude of the two behavior control systems introduced by Gray (1991,
1994), the Behavioral Inhibition System (BIS) and the Behavioral Approach System (BAS).
The questionnaire consists of 24 items of which 20 are unequally distributed between the BIS
and BAS scale, and four items are dummy items. All Items are answered for the current state
on a four-point scale ranging from "does not apply to me at all" to "applies exactly to me”.
Analyses confirmed the two-factor structure, found acceptable reliability and discrimination,
and advocated against the use of the three BAS subscales Reward Responsiveness, Drive,
and Fun Seeking. The internal consistencies in study 1 were a = .79, and a = .81 for the BIS,
and BAS scale, respectively. The internal consistencies in study 2 were a = .82, and a = .81

for the BIS, and BAS scale, respectively.

(3) The Dutch Eating Behavior Questionnaire (DEBQ; van Strien et al., 1986; German
version by Grunert, 1989) reflects eating pathology with regard to the three constructs
external eating, emotional eating, and restraint eating. Thirty items are equally distributed to
the three subscales and answered for the current state on a five-point scale ranging from

"never" to "very often”. Analysis with a representative German sample confirmed the three-
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factor structure and showed good internal consistency (Nagl et al., 2016). The internal
consistencies in study 1 were a = .90, a = .94, and a = .89 for the external eating, emotional
eating, and restraint eating subscale, respectively. The internal consistencies in study 2 were
a =.89, a =.90, and a = .91 for the external eating, emotional eating, and restraint eating

subscale, respectively.

(4) The Eating Disorder Examination Questionnaire (EDE-Q; Fairburn & Beglin, 1994;
German version by Hilbert & Tuschen-Caffier, 2016b) evaluates eating pathology in the last
28 days with a general score from 22 items, which are unequally distributed on the four
subscales restraint, eating concern, weight concern, and shape concern. ltems are answered
on seven-point scales with individually adjusted response options. Studies showed high
internal consistencies for the general score and all subscales in community and patient
samples, as well as sufficient retest-reliability over 3 months and convergent validity in a
community sample. The internal consistencies in study 1 were a = .92, a= .72, a=.77,a =
.69, and a = .85 for the general score, restraint, eating concern, weight concern, and shape
concern subscale, respectively. The internal consistencies in study 2 were a = .93, a = .86, a
= .61, a =.77, and a = .88 for the general score, restraint, eating concern, weight concern,

and shape concern subscale, respectively.

(5) The Eating Disorder-specific Interoceptive Processing (EDIP; van Dyck et al.,
2017) measures the interoceptive perception of satiety, hunger, and emotions, and the ability
to discriminate between those states, each in the last month. Twenty-one items are
unequally distributed on the four subscales with response options on a seven-point scale
with the anchors “does not apply at all” and “applies completely”. Research showed
convergent validity with subscales of the Eating Disorder Inventory-2 (Garner, 1991) and also
generally sound differentiation capability between people with and without an eating disorder
as well as among people with different eating pathology. The internal consistencies in study
1 were a=.87,a=.63, a=.92, and a = .73 for the subscales perception of satiety, hunger,
emotions, and ability to discriminate between those states, respectively. The internal

consistencies in study 2 were a = .86, a = .75, a = .94, and a = .68 for the subscales
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perception of satiety, hunger, emotions, and ability to discriminate between those states,

respectively.

(6) The Restraint Scale (RS; Herman & Polivy, 1980; German version by Dinkel et al.,
2005) displays the magnitude of restraint eating with ten items on a general score as well as
equally distributed on the two subscales concern for dieting and weight fluctuations. The
items have predominantly individualized response options on four- or five-point scales.
Analyses confirmed the two-factor structure, showed satisfying internal consistencies as well
as sufficient differentiation capability. The internal consistencies in study 1 were a = .81, a =
.67, and a = .81 for the general score, concern for dieting, and weight fluctuations subscale,
respectively. The internal consistencies in study 2 were a = .82, a = .76, and a = .76 for the

general score, concern for dieting, and weight fluctuations subscale, respectively.

(7) The Brief version of the Self-Control Scale (Tangney et al., 2004; German version
SCS-K-D by Bertrams & Dickhauser, 2009) measures self-control capacity with 13 items with
response options on a five-point scale with the anchors “does not apply at all” and “applies
exactly”. Analyses showed high internal consistency, and retest reliability as well as an
existing construct validity. The one factor structure was confirmed. The internal consistency

in study 1 was a = .84. The internal consistency in study 2 was a = .83.
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1006  Supplement 4

1007  Word recognition statistics (study 1 and study 2)

Priming

Study condition Nouns [M(SD)] Adjectives [M(SD)] Statistic

1 ISE 4.24 (1.03) 2.76 (1.18) t=-7.275, p<.001,n=46
Neutral 4.07 (1.19) 2.48 (1.77) =-7.734,p<.001,n=46

2 ISE 4.09 (1.06) 2.65 (1.31) t=-9.491,p<.001,n =46
Neutral 3.74 (1.41) 2.54 (1.38) t=-6.445,p<.001,n=46

1008 Note. ISE = Inhibitory Spillover Effect.
1009
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