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Effects of aging and valence on 
emotional response inhibition: 
conclusions from a novel 
stop-signal task
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Emotional and cognitive processes interact in myriad ways during daily life, and 
the relation between emotion and cognition changes across the lifespan. Aging is 
associated with decreasing cognitive control and inhibition alongside improvements 
in emotional control and regulation. However, little is known about how aging 
impacts response inhibition within emotionally relevant contexts. The current study 
examined how aging impacts emotional response inhibition by comparing older 
and younger adults’ ability to stop responses to emotional images. Participants 
completed a novel stop-signal task where pleasant and unpleasant scene images 
appeared on a minority of trials, while participants developed a pre-potent ‘go’ 
response during trials presenting neutral shapes. Notably, in each task block 
only one of the two types of emotional scene images served as a task-relevant 
stop cue, e.g., unpleasant images as stop-signals. Accordingly, in a given task 
block participants should continue to respond at the onset of the other type 
of emotional image (i.e., pleasant scenes as ‘go-images’). Overall, older adults 
exhibited less efficient stopping than younger adults. However, stopping did not 
differ between pleasant and unpleasant images in either age group. Thus, while 
response inhibition is less efficient in older adults, it does not differ by emotion 
across adulthood. The innovative design also permitted exploratory analyses of 
responses to images that were not the current stop-signal, i.e., responses correctly 
executed for ‘go-image’ trials. In contrast with response inhibition on stop trials, 
emotion and aging significantly interacted during response execution, with older 
adults performing less accurately than younger adults on unpleasant go-image 
trials. Taken together, aging interacts with emotion only for response execution but 
not response inhibition for emotional scenes. This study offers new insights into 
the effects of aging on response inhibition in emotionally complex contexts and 
increases the ecological validity of response inhibition research. It also highlights 
the distinct effects of aging and emotion on response execution versus inhibition 
for task-relevant emotional information.
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1 Introduction

Like many cities and towns, St. Louis has many busy streets with impatient drivers who 
often disregard traffic signals. To safely traverse the streets pedestrians must vigilantly detect 
and respond to traffic conditions, often including stopping abruptly to avoid collision with 
cars. Such actions demonstrate reactive inhibition, that is, stopping ongoing movements to 
dynamically respond to the environment and maintain safety while pursuing current goals 
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(Aron, 2011). In laboratory settings, the most precise and widely used 
paradigm to measure such response inhibition is the stop-signal task, 
which requires stopping or canceling responses already in progress 
(Logan, 1994; Verbruggen et al., 2019). Thus, the cognitive processes 
engaged in the stop-signal task resemble real-world decisions, such as 
deciding whether to stop walking when an approaching car speeds 
through a red traffic signal or to continue crossing the street if the car 
is slowing and it seems safe to proceed walking.

1.1 Effects of emotion on reactive response 
inhibition

Although exhaustive investigations into response inhibition have 
yielded valuable information about nuanced factors influencing 
inhibitory control abilities, they have done so largely in contexts 
devoid of affective relevance (Verbruggen and Logan, 2009; Wessel, 
2025). This leaves many open questions about how humans engage in 
response inhibition upon encountering emotional information. In 
everyday life we rarely inhibit or complete a behavior in response to 
explicit unambiguous cues lacking any affective salience. Yet, this is 
the scenario modeled in most laboratory tasks assessing inhibitory 
control (Hannah and Aron, 2021). Notably, even commonly cited 
examples of response inhibition in the real world, such as the traffic 
scenario described earlier (Matzke et al., 2018; Verbruggen and Logan, 
2009; Wessel, 2018, 2025) depict an affectively relevant context, i.e., 
evaluating the relative safety or danger of the options to stop for 
oncoming traffic or continue walking. Despite the abundance of 
empirical studies of response inhibition, relatively very few have 
considered the direct influence of emotional information or affective 
salience on stopping performance.

Of the limited investigations into how emotion impacts response 
inhibition, many have focused on the carry-over or priming effect of 
exposure to emotional (positive and/or negative) images interspersed 
between trials in a standard stop-signal task. In the standard stop-
signal task participants initiate a motor response to visual stimuli on 
the screen, and in about 75% of trials the correct action is to complete 
the response (“go trials”) while the remaining minority of trials require 
stopping the movement underway at the onset of a cue to stop (“stop 
trials”) to cancel the response. Results indicate that viewing emotional 
images (versus neutral images) immediately before go trials featuring 
arrows, shapes, or letters typically impairs stopping performance for 
the sporadic onset of an auditory tone or color change stop-cue 
(Kalanthroff et al., 2013; Krypotos et al., 2011; Patterson et al., 2016; 
Verbruggen and De Houwer, 2007; Wang et al., 2024). But see Littman 
and Takács (2017) for evidence that inhibition improved following 
negative images. Studies with this design generally indicate that 
emotion processing effectively interrupts or usurps mental resources, 
leaving fewer resources available for inhibitory control in the 
subsequent stop-trial. Another approach employs emotional facial 
expressions, images, or words in go trials in conjunction with a 
standard auditory tone or color cue as the stop-signal (i.e., ‘implicit’ 
emotional stop-signal task; Battaglia et al., 2021; Ding et al., 2020). 
This design has yielded highly inconsistent effects of emotion ranging 
from impairing, enhancing, or having no effect on response inhibition 
(Camfield et al., 2018; Herbert and Sütterlin, 2011; Nayak et al., 2019; 
Pawliczek et al., 2013; Rebetez et al., 2015; Sagaspe et al., 2011). These 
mixed results suggest that the implicit emotional stop-signal task may 

be especially sensitive to specific task design attributes, such as the 
complexity of the go-task demands (Ding et al., 2020).

Recent innovations of the stop-signal task have increasingly 
incorporated emotional content (e.g., facial expressions, images, body 
poses, sounds) as the stop-signals (i.e., ‘explicit’ emotional stop-signal 
task; Battaglia et al., 2021; Ding et al., 2020). However, in nearly all 
cases the emotional content of the stop-signal was irrelevant to 
correctly following task instructions. Meaning, instructions have not 
required an overt focus on emotion to make the correct stopping 
decision. For example, participants are typically instructed to stop 
their responses whenever a face appears after a go-signal, irrespective 
of the specific facial expression displayed. Results from these designs 
indicate that incidental presence of emotion within stop trials—
emotion is not task-relevant for stopping—typically improves 
response inhibition (Battaglia et al., 2022b, 2022a; Gupta and Singh, 
2021; Pandey and Gupta, 2022b, 2022a; Pessoa et al., 2012; Senderecka, 
2016, 2018).1

Our prior study (Williams et  al., 2020) remains the only 
investigation to date that required direct consideration of the 
emotional content of the stop-signal to determine whether to stop an 
ongoing response, i.e., emotion was task-relevant. Across three studies 
we  identified that emotion (positive or negative, vs. neutral) 
significantly influences inhibitory control only when it is necessary to 
consider emotion to implement stop-trial instructions correctly. 
We observed better response inhibition for happy-face stop-signals 
compared to fearful-face stop-signals, but only when participants 
needed to focus directly on the emotional attributes of the facial 
expressions to make their stopping decisions. This effect was absent 
after instructions to stop for any face or stop based on the gender 
(male or female) of the face. As the literature shows, with the exception 
of Williams et al. (2020), discernment and interpretation of emotional 
content in stop-signal tasks has not been necessary to make the correct 
stopping decision, i.e., emotion has generally not been task-relevant 
for implementing inhibition. Consequently, although much of 
everyday inhibitory control is implemented in emotionally salient 
contexts, much is still unknown about response inhibition 
performance when the choice to stop (or not) depends upon the 
specific emotional content encountered.

Additional context for appreciating the role of task relevance in an 
emotional stop-signal task can be drawn from emotional variants of 
the go/no-go task, although the cognitive demands differ somewhat 
across varieties of emotional response inhibition tasks (Meyer and 
Bucci, 2016; Raud et  al., 2020; Verbruggen and Logan, 2008). 
Investigations employing go/no-go tasks have indicated that when 
focus on emotion is task-relevant, positive facial expressions and body 
postures (but not negative ones) impair inhibitory control in younger 
adults (Calbi et al., 2022; Mancini et al., 2022). Notably, the distinct 
effects of emotion were not observed when task instructions drew 
attention to non-emotional aspects of the stimuli (e.g., gender). Thus, 

1 There are also several ways to compute the primary outcome measure of 

stop-signal tasks, which may be another source of variability among response 

inhibition literature (Coccaro et al., 2024; Verbruggen et al., 2019). It is unclear 

if the choice of computation approach may yield different interpretations 

regarding stopping for negative versus positive stimuli. However, examination 

of this question is beyond the scope of the current study.
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while the direction of the effect of emotion differs between the stop-
signal task and go/no-go task literature, evidence from both tasks 
indicates a significant role of task-relevance for evoking effects of 
emotional valence during response inhibition.

1.2 Aging and response inhibition

Another notable gap in the literature is how typical aging shapes 
response inhibition for emotional information. This knowledge is 
particularly relevant in light of well-documented age-related declines 
in cognitive control and inhibition abilities (Bloemendaal et al., 2016; 
Gazzaley and D’Esposito, 2007; Smittenaar et  al., 2015) alongside 
age-related improvements in emotional control and regulation (Reed 
et al., 2014; Reed and Carstensen, 2012) and increasing tendency to 
appraise ambiguous situations more positively (Mikels and Shuster, 
2016). While the stopping process is essentially the same over the 
adult lifespan, older adults are typically slower and thus less effective 
at stopping than younger adults (Heathcote and Matzke, 2022; 
Tsvetanov et al., 2018; Williams et al., 1999).

The cognitive and affective changes with aging are not mutually 
exclusive. For example, older adults may prioritize accuracy over 
speed in inhibition tasks (Campbell et al., 2020; Kardos et al., 2020; 
Williams et al., 1999). Moreover, these factors may intersect such that 
emotional appraisal and regulation processes are implemented 
differently between younger and older adults during the initial 
emotional stimulus perception and detection stages prior to 
implementing response inhibition (Reed and Carstensen, 2012). For 
example, older adults demonstrate relative increases in attention to 
positive information over negative information as compared to 
younger adults (Carstensen and DeLiema, 2018; Mather and 
Carstensen, 2003). Greater attention and control over responses to 
emotional information with aging can, in some cases, yield better 
emotional response inhibition in older than younger adults. For 
instance, older adults had fewer false alarms than younger adults on 
an emotional go/no-go task, and older adults particularly bested 
younger adults in inhibitory control for emotionally positive stimuli 
(Waring et al., 2019).

Another limitation of the existing literature of emotional response 
inhibition is that most investigations have focused solely on the effects 
of negative valence (versus neutral/non-emotional) on performance 
in stop trials. Merely a third of the stop-signal tasks described above 
considered the effects of positive valence (e.g., pleasant images, happy 
facial expressions) in comparison to negative valence (e.g., unpleasant 
images, fearful or angry facial expressions), and reports have been 
inconsistent. Consequently, still little is known about the relatively 
enhancing or impairing effects of positive compared to negative 
valence on response inhibition. Taken together, the gaps in knowledge 
about the effects of aging, emotional valence, and their potential 
interaction on response inhibition are particularly relevant given well-
documented changes in socio-emotional goals and emotional valence 
processing across the adult lifespan (Carstensen, 2019; Carstensen 
et al., 1999).

Our 2020 study was the first to compare younger and older adults’ 
emotional response inhibition during a stop-signal task (Williams 
et al., 2020). We discovered that the faciliatory effects of task-relevant 
positive stop-signals (compared to negative stop-signals) were common 
to both younger and older adults, while positive stop-signals enhanced 

response inhibition over neutral stop-signals uniquely in older but not 
younger adults. Moreover, the faciliatory effect of positive over negative 
stimuli on response inhibition was more pronounced in older than 
younger adults (effect size d = 0.70 vs. d = 0.58, respectively; Williams 
et al., 2020, study 3). That is, age group moderated the influence of 
emotion on response inhibition. To our knowledge, only one additional 
study has investigated emotional response inhibition in late life since 
2020. Wang et  al. (2024) recently assessed how mild memory 
impairment impacts older adults’ emotional response inhibition. 
However, as in several studies in younger adults, they assessed the 
priming effects of exposure to emotional images before go and stop 
cues, i.e., emotion was irrelevant to the stop-signal task instructions. 
Response inhibition was poorer in trials that followed the high-arousal 
(vs low-arousal) negative and positive images, although response 
inhibition did not differ between task trials following positive, neutral, 
or negative images. Thus, Wang et  al. (2024) identified significant 
priming (carry-over) effects of emotional arousal, but not valence, on 
response inhibition (i.e., stop trials) after viewing emotional or neutral 
images. Notably, results did not differ from older adults with mild 
memory impairment. However, this study did not advance knowledge 
of how older adults implement moment-to-moment (i.e., reactive, 
explicit) stopping for emotionally pleasant and unpleasant information, 
and no further work has investigated effects of aging or interactions of 
aging and emotion on response inhibition. Thus, there are still many 
important open questions about how aging impacts response inhibition 
for emotional content.

1.3 Present study

The present investigation directly builds upon our prior study, 
which indicated distinct effects of emotion and aging on stopping 
ability only when focus on emotion was relevant to task instructions 
(Williams et  al., 2020). The purpose of the present study was to 
identify the impact of typical aging processes on emotional response 
inhibition. Specifically, we sought to identify whether the ability to 
stop responses to positive and negative scene images would differ 
between older and younger adults. To evaluate this question, 
we  developed a novel version of the stop-signal task, the most 
common task of reactive response inhibition. Amidst frequent go trial 
responses distinguishing circle and square shapes, an emotional scene 
image served as an infrequent stop-signal, which cued participants to 
withdraw responses in-progress (Verbruggen et al., 2019; Verbruggen 
and Logan, 2009). This design is similar to one we  employed 
previously where facial expression or gender of human faces served as 
the stop-signal cue (e.g., stop for happy expressions while go for all 
other expressions; stop for female faces while go for male faces; 
Williams et al., 2020). The scene images included in the present study 
are more complex and require more elaborative appraisal (Moors 
et al., 2013; Scherer and Moors, 2019) than the facial expressions 
we employed in prior work. This study design was developed to more 
closely emulate the stopping processes engaged in response to contexts 
encountered during our affectively rich daily lives, which are 
significantly more emotionally complex than the simple auditory or 
visual stop cues employed in standard stop-signal tasks. The present 
study offers the first investigation where the content of visual scenes 
has determined whether inhibition should be  implemented 
trial-by-trial.
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Building on prior research into the effects of aging and of emotion 
on reactive response inhibition, we expected an interaction between 
age group and emotion on response inhibition, such that older adults 
would show poorer stopping efficiency for unpleasant than pleasant 
scenes relative to younger adults. We also expected a general effect of 
aging where older adults would demonstrate less efficient stopping 
overall compared to younger adults.

2 Materials and methods

2.1 Participants and enrollment

Thirty-nine younger adults (28 women, 11 men; age M (SD) = 19.74 
(2.53); age range 18–30) and 40 older adults (22 women, 18 men; age M 
(SD) = 73.05 (5.22); age range 65–86) were included in analyses. 
Additional sample demographic information is reported in Table 1. 
Data from an additional seven enrolled participants were not included 
in analyses due to: poor adherence to study instructions, such as eating 
during the study task (n = 1 older adult); pronounced tremors observed 
during the experimental tasks (n = 1 older adult); or miss rate above 
33% for either pleasant or unpleasant scene images in go trials, 
suggesting possible difficulty understanding task instructions or atypical 
interpretation of task stimuli (n = 5 older adults).

Saint Louis University Institutional Review Board approved the 
research protocol, in accordance with the Declaration of Helsinki. 
Younger adult participants were recruited at Saint Louis University using 
an online enrollment system (SONA Systems, Bethesda, MD, USA) and 
flyers posted on campus. Older adult participants were recruited from 
the St. Louis, MO area via the Washington University School of Medicine 

Research Participant Registry2 and word of mouth. The younger adults 
recruited online were screened for eligibility with an anonymous 
questionnaire (Qualtrics, Provo, UT, USA). Younger and older adults 
recruited via advertising flyers or the Research Participant Registry were 
screened for eligibility using a short phone interview.

Participants were native English speakers living in the St. Louis, MO 
region. Younger adults aged 18–30 years and older adults at least age 65 
(no upper age limit) were eligible to participate. Exclusion criteria 
included uncorrected vision or hearing problems; any significant 
medical conditions that could affect compliance with the protocol (e.g., 
difficulties speaking, using a pen/pencil to write, using standard 
computer keyboard and mouse); a history of severe head injury; current 
life-shortening illness (e.g., cancer); neurological conditions (e.g., 
seizure disorder, stroke, brain tumor); neurodegenerative disorders (e.g., 
Parkinson’s, Huntington’s, multiple sclerosis); Autism Spectrum 
Disorder or Asperger’s syndrome; diagnosis or treatment for anxiety or 
depression within the past five years; prior or current diagnosis of any 
other major mental illnesses (e.g., bipolar disorder, schizophrenia, 
PTSD), use of psychiatric mediations within last five years; a history of 
alcoholism or substance abuse within the last two years; current use of 
any central nervous system altering medications (e.g., opiates); current 
use of memory-enhancing medication; or current symptoms of 
depression as indicated by Patient Health Questionnaire (PHQ-2) ≥ 3 
(Kroenke et al., 2003) at time of screening. Additionally, older adults 
were screened for possible cognitive impairment, as indicated by a Short 
Blessed Test score ≥ 5 (Katzman et al., 1983). After enrollment adequate 
visual acuity was also confirmed in-person using the Snellen eye chart, 
with additional near-vision screening while seated at the computer.

An additional 13 younger adult participants (6 women, 7 men) 
and 8 older adult participants (5 women, 3 men) completed a pilot 
version of the study to iteratively refine the experimental task stimulus 
set, instructions, and parameters. Pilot participants provided informed 
consent and conformed to the same inclusion and exclusion criteria, 
recruitment approaches, and compensation as described, but they 
were not included in the final sample.

2.2 Measures

Participants completed several neuropsychological measures and 
self-reports of symptoms of depression and anxiety to characterize the 
sample and to ensure that our older adult sample was cognitively 
unimpaired. The list of measures with descriptive and inferential statistics 
between age groups are reported in Supplementary Tables S1, S2. Results 
of the Mini-Mental State Examination (MMSE; Folstein et al., 1975) 
indicate that older adults in our sample were cognitively unimpaired [M 
(SD) = 29.4 (0.81), range 28–30].

2.3 Emotional stop-signal task

2.3.1 Stimuli
Two hundred thirty-five color scene images were selected from 

the Open Affective Standardized Image Set (OASIS; Kurdi et  al., 
2017), with 25 additional scene images taken from the Geneva 

2 https://sites.wustl.edu/wuvfh/

TABLE 1 Demographic descriptive statistics by age groups.

Older adults 
(N = 40)

Younger adults 
(N = 39)

Gender

Male 18 (45%) 11 (28%)

Female 22 (55%) 28 (72%)

Age (years)

Mean (SD) 73.05 (5.22) 19.74 (2.53)

Education (years)

Mean (SD) 17.70 (2.72) 13.18 (2.00)

Race

Black or African American 4 (10%) 4 (10%)

White 36 (90%) 15 (38%)

Asian 0 (0%) 14 (36%)

More than one race 0 (0%) 1 (3%)

Other 0 (0%) 5 (13%)

Ethnicity

Hispanic 2 (5%) 9 (23%)

Non-Hispanic 38 (95%) 30 (77%)

MMSE

Mean (SD) 29.40 (0.81) -

MMSE, Mini Mental State Exam (Folstein et al., 1975).
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Affective PicturE Database (GAPED; Dan-Glauser and Scherer, 2011). 
OASIS is a recent open-access set of affective images normed for both 
valence and arousal by a more demographically diverse sample than 
previously published emotional image stimulus sets. The final OASIS 
plus GAPED stimulus set for the present study was selected through 
iterative refinement with a pilot participant sample to ensure the 
content of task images was unambiguous and valence interpretations 
(i.e., pleasant, unpleasant) were highly consistent with published 
normative ratings and across participants. The final stimulus set 
employed 120 ‘pleasant’ and 120 ‘unpleasant’ scene images from 
OASIS and GAPED sets, with 20 additional unique OASIS scene 
images included in the practice task (10 each for pleasant and 
unpleasant images). Examples of unpleasant scene images included: 
dangerous animals, garbage, explosions, weapons, physical injuries, 
and feces. Examples of pleasant scene images included: playful baby 
animals, pastoral scenes, objects typical of celebrations, enjoyable 
activities, and appetizing foods. Notably, human facial expressions 
were not visible in any of the images included. See Figure  1 for 
example stimuli. Image luminance and contrast levels were matched 
using the SHINE_color toolbox in MATLAB R2019a (Dal Ben, 2023; 
Willenbockel et  al., 2010). The image set reliably represented the 
assigned valence type, as evidenced by significantly higher published 
mean pleasantness ratings (Dan-Glauser and Scherer, 2011; Kurdi 
et al., 2017) for pleasant [M (SD) = 5.80 (0.41)] versus unpleasant 
scene images [M (SD) = 2.39 (0.60); t(238) = 51.01, p < 0.001, 
d = 6.59]. Additionally, the images set had a moderate mean arousal 
level, while arousal ratings were higher for unpleasant images [M 
(SD) = 4.14 (0.61)] than pleasant images [M (SD) = 3.72 (0.84); 
t(238) = 4.51, p < 0.001, d = 0.58]. The full list of images with ratings 
is included in Supplementary Table S3.

2.3.2 Stop-signal task design
The task parameters were selected to conform with the consensus 

of recommended best practices for stop-signal task design and 
protocol (Bissett et al., 2021; Matzke et al., 2018; Verbruggen et al., 
2019). The present stop-signal task was modeled off an earlier version 
implementing human faces as stop-signals, which was originally 
designed and programmed by Pessoa et al. (2012) and later modified 
by Williams et  al. (2020). The task presented three trial types: 
go-shape, go-image, and stop trials. In “go-shape trials,” participants 
identified a shape as a circle or square by pressing the left or right 
arrow key, respectively. Each go-shape stimulus remained on the 
screen for a fixed duration of 1,000 ms. Participants were instructed 
to respond as quickly and accurately as possible on go trials. 
Occasionally, an emotional image (i.e., pleasant or unpleasant) 
appeared for 2000 ms within the shape after a variable delay interval 
(described in more detail below). Before beginning the task, 
participants were instructed to stop their responses for one image type 
(e.g., stop your response for pleasant images; “stop trials”) while 
continuing their responses to the other image type (e.g., continue 
keypress for unpleasant images; “go-image trials”). The go-signal 
shapes remained visible for the full duration of stop (and also 
go-image) trials. A black screen was presented after each go or stop 
stimulus disappeared in order to maintain an equal trial duration of 
3,000 ms across all trial types. Each trial was followed by a black 
screen ITI with variable duration 900-1100 ms. See Figure 1A for task 
design schematic. Stop trials were rare (25%) to create a prepotent 

urge to respond. Participants completed three task blocks with one 
stop-signal type (e.g., stop for pleasant images), then three blocks of 
the other stop-signal type (e.g., stop for unpleasant images), with 
order of the two stop instructions counterbalanced across participants.

The stop-signal delay (i.e., the delay period from the go-shape 
onset to stop-signal onset within trial) adjusted adaptively in 50 ms 
increments in response to performance on the preceding stop trial, 
with a starting delay of 250 ms. For example, if a response was not 
successfully inhibited, then the stop-signal delay shortened by 50 ms 
on the next trial to improve the chance of successful inhibition (min 
50 ms); if the response was successfully inhibited then the next stop-
signal delay lengthened by 50 ms to increase task difficulty (max 
950 ms). The dynamic adjustment of the stop-signal delay ensures an 
approximately 50% success rate for each stop-signal emotion 
condition, which is necessary to reliably calculate the stop-signal 
reaction time (SSRT) to measure response inhibition performance 
(Logan, 1994; Verbruggen et al., 2019). Unique adaptive stop-signal 
delays were computed separately for pleasant and unpleasant stop 
conditions for each participant, i.e., the stop-signal delay reset to the 
starting delay value (250 ms) when the stop-signal instruction 
changed between blocks three and four. In go-image trials the delay 
interval between onset of shapes and go-images was yoked to the stop-
signal delay of the preceding stop trial, but accuracy on go-image trials 
did not impact the stop-signal delay for subsequent trials.

There were 480 trials divided among six task blocks. Each 80-trial 
block comprised 20 stop trials, 40 go-shape trials, and 20 go-image 
trials (total: 120 stop, 240 go-shape, and 120 go-image trials). Trial 
types sequence and images sequence were in a predetermined pseudo-
randomized order. Each participant saw each scene image one time 
during the task. The task was programmed using Presentation 
(Version 23.0; Neurobehavioral Systems, Berkeley, CA, USA).

A significant innovation of the present study over all prior 
emotional stop-signal task designs is that the scene images employed 
could indicate either a stop-signal or a signal to continue the motor 
response underway toward the keypress (i.e., go-signal), depending 
upon whether the image was pleasant or unpleasant. That is, while the 
strong majority of trials comprised simple shape discrimination (‘Go’ 
to circles and squares), the rare onset of scene images could indicate 
either a stop-signal or an additional type of go-signal. Thus, half of the 
scene images were stop-signals and half were go-signals, enabling 
additional exploratory comparisons of responses on stop and 
go-image trials. This design addresses critiques that the stop-signal is 
fundamentally different from go-signals in that stop-signals typically 
have differing relative frequency of presentation (i.e., contextually 
rarer) and differing attentional and perceptual demands 
(Wessel, 2025).

2.4 Study procedures

Participants completed the protocol in a soundproof booth. All 
participants provided written informed consent and HIPAA 
authorization at the time of enrollment. Then participants provided 
demographic information, and eligibility was reconfirmed. Next, 
participants completed the neuropsychological and self-report 
measures. Study data were maintained in REDCap (Harris et  al., 
2009, 2019).
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2.4.1 Stop-signal task
Participants were seated approximately 45 cm from a Dell 24-inch 

desktop monitor (Round Rock, TX, USA) with 1920 × 1,080 active 
signal resolution that was projected from a Hewlett-Packard ProBook 
(Palo Alto, CA, USA) running Microsoft Windows 10 (Redmond, 
WA, USA) outside the soundproof booth. Participants completed a 
stop-signal task, inhibiting responses to either pleasant or unpleasant 
scene images in each block, as described earlier. Image size was 

standardized as 18 cm wide by 14.5 cm high on-screen. Researchers 
emphasized that the content or circumstances depicted in the image 
should be considered when evaluating if it was pleasant/unpleasant, 
not the skills of the photographer. The importance of responding 
quickly to go trials and stopping responses on stop trials were 
emphasized equally in task instructions. Participants performed two 
short practice blocks—one before the first task block began and 
another when the instructions changed between blocks three and 

FIGURE 1

Stop-signal task schematic and scene image examples. (A) Stop-signal task design schematic depicting the three trial types within a task block 
providing instruction to ‘Stop your response when you see an unpleasant image appear’, (L to R): go-image (i.e., fresh oranges = pleasant image), go-
shape, and stop trial (i.e., venomous spider = unpleasant image). During go trials (i.e., both go-shape and go-image trials) participants responded to the 
go-signal (circle or square). During stop trials they were instructed to stop their motor response already in progress toward the go-signal upon onset of 
a stop-signal, in this example the onset of unpleasant images. The stop-signal followed the go-signal after an adaptive variable-length delay, the stop-
signal delay (SSD), which was independent for each stop-signal emotion condition (unpleasant or pleasant scene images) to maintain behavioral 
performance at approximately 50% correct. (B) Example pleasant (p) and unpleasant (u) scene images employed, (L to R): autumn vista (p), threatening 
snake (u), birthday cupcakes (p), catastrophic fire (u), playful puppies (p), bleeding wound (u). Scene images were selected from the OASIS database 
(Kurdi et al., 2017; available at www.benedekkurdi.com/#oasis), and the GAPED database (Dan-Glauser and Scherer, 2011; available at https://www.
unige.ch/cisa/research/materials-and-online-research/research-material/).
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four—to confirm understanding and adherence to instructions before 
starting the task. Prior to beginning the recorded task all participants 
practiced until they were comfortable with instructions and attained 
sufficient response accuracy. If responses to go-shape or go-image 
trials were too slow (>1,000 ms) or missed, then a warning message 
appeared on the screen to further encourage speeded responses (Leotti 
and Wager, 2010). Twelve younger adults and 13 older adults 
completed the task while EEG and ECG data were recorded. 
Electrophysiological data are not reported here.

2.4.2 Post-task feedback survey
After completing the stop-signal task, participants answered a 

brief self-report questionnaire of their experience completing the task. 
First, they reported the relative allocation of their total effort the two 
competing task goals: accurately inhibiting responses on the stop trials 
and quickly responding on go trials (i.e., effort sums to 100%). They 
also rated the perceived difficulty of completing the task using a 
9-point Likert scale, from 1 = “extremely easy” to 9 = “extremely 
difficult.” Responses about allocation of effort for two people were 
excluded from analyses because they misinterpreted the question. 
Results reported in Supplementary materials.

2.4.3 Task stimuli ratings
Lastly, to aid interpretation of task performance, participants 

completed a stimulus rating task to ascertain their individual 
perception of the pleasantness or unpleasantness of each image 
(Siemer et al., 2007). Participants were instructed to evaluate each of 
the scene images from the stop-signal task one-by-one as either 
‘pleasant’ or ‘unpleasant’ based on their first instinct. Researchers 
emphasized that participants should evaluate each image based on 
their own personal interpretation of the pleasantness/unpleasantness 
of its content rather than the photographer’s skill, in keeping with how 
they had evaluated the images during the stop-signal task. The ratings 
task was implemented using MouseTracker (Freeman and Ambady, 
2010). In each self-paced trial, an image from the stop-signal task 
appeared on-screen for 4,000 ms and during this time participants 
moved the mouse from the bottom-center of the screen to click on one 
of two response boxes: one labeled ‘UNPLEASANT’ in the upper-left 
side and the other labeled ‘PLEASANT’ in the upper-right side. All 
participants practiced the instructions before the recorded task began. 
On average, participants’ self-reports strongly agreed with the 
published ratings (Dan-Glauser and Scherer, 2011; Kurdi et al., 2017) 
both for unpleasant images [younger adults M (SD) = 99% (0.01), 
older adults M (SD) = 96% (0.09)] and pleasant images [younger 
adults M (SD) = 98% (0.02), older adults M (SD) = 99% (0.02)]. In 
addition to the nearly perfect average concordance of participants’ 
image ratings with published ratings, we also used the stimuli ratings 
to compute individual affective bias scores for each participant. In the 
context of the present design, an affective bias is an individual’s 
tendency to evaluate images more positively or more negatively than 
the published ratings, i.e., their proportion of ‘pleasant’ image ratings 
agreeing with published normative responses minus proportion of 
‘unpleasant’ image ratings agreeing with published normative 
responses. Positive values indicate a more positive bias and negative 
values indicate a more negative bias, with zero indicating no bias in 
either direction.

Upon completing the protocol, they were debriefed about the 
study purposes and compensated for their time. Participants enrolled 

in the behavioral protocol were compensated with course credit or $20 
for their time and effort, and participants who completed protocol 
with EEG recording received an additional $20.

2.5 Analysis approach

All data processing and analyses were computed in RStudio 
(version 2023.09.1 + 494; Posit Software, Boston, MA, USA).

2.5.1 Computing stop-signal reaction time (SSRT)
SSRT is the primary outcome measure of response inhibition 

performance in stop-signal tasks. As the time needed for stopping 
(i.e., not responding) cannot be  measured directly, it is best 
characterized by the imputed value of the SSRT (Congdon et al., 
2012; Verbruggen et  al., 2019). SSRT was computed using the 
integration method averaged across blocks (with replacement of go 
omissions with the maximum allowable go-shape trial response 
time; Verbruggen et al., 2013). The block-based integration method 
with replacement of go omissions creates the most reliable and least 
biased SSRT because it best accounts for 1-participants with 
strategic response slowing while waiting to see if a stop-signal will 
appear, and 2-general effects of fatigue across the study. See 
Verbruggen et al. (2013, 2019) for discussion of this approach as an 
optimal method for estimating SSRT. To evaluate response 
inhibition by valence, SSRTs for unpleasant and pleasant images 
were estimated independently.

In order to uphold the tenets of the independent race model 
upon which validity of the SSRT relies, we also followed stop-signal 
task consensus analysis guidelines (Matzke et al., 2018; Verbruggen 
et al., 2019) and ensured that only the task blocks with valid data 
were retained for analyses, as follows. Go-shape trial response 
omissions were rare, M (SD) = 2.32% (2.11), max. = 9%. All 
participants had high accuracy (i.e., excluding omissions and 
incorrect keypress) on go-shape trials, ensuring sufficient alertness 
and comprehension of instructions, M (SD) = 96.54% (2.71), min. 
= 88%. There were no go-shape response times under 150 ms. 
Within the final participant sample, we excluded from analyses the 
specific task blocks with go-image accuracy <66% (n = 4 older 
adults), because low go-image accuracy could be attributable to 
confusion with instructions and/or highly atypical image valence 
interpretations. As in the go-shape trials, participants demonstrated 
high accuracy on go-image trials: positive go-images M 
(SD) = 96.88% (3.41), min. = 82%, negative go-images M 
(SD) = 94.44% (4.82), min. = 77%. We also excluded task blocks 
with stopping accuracy outside bounds of 25–75% (n = 3 older 
adults) to ensure the adaptive stop-signal delay tracking procedure 
was performing reliably (Congdon et al., 2012; Verbruggen et al., 
2019) and because extreme high or low stopping rates could reflect 
not only inhibitory control performance but also either confusion 
with instructions or atypical image valence interpretations. All 
participants had at least two (of three) task blocks with each stop 
instruction retained for analyses. After implementing data 
exclusion criteria, two-tailed independent samples t-tests indicated 
that the quantity of data retained did not differ between younger 
and older adults [t(77) = 0.52, p = 0.60, d = 0.12; younger adults M 
(SD) = 5.87 (0.41), older adults M (SD) = 5.82 (0.38) task blocks 
included in analyses].
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2.5.2 Statistical analysis plan
A mixed effects analysis of variance (ANOVA) was computed on 

SSRTs to test for significant interaction of between-subjects factor of 
age group (2 groups: younger adults, older adults) and within-subjects 
factor of stop-signal emotion condition (2 emotions: pleasant, 
unpleasant image).

While SSRT is the typical stop-signal task outcome measure for 
evaluating response inhibition performance, exploratory analyses 
considering additional task measures such as the responses on 
go-image trials offer further context for interpreting the results in 
this novel stop-signal task. To inform correct response execution 
we implemented an ANOVA on go-image accuracy with factors of 
age group and emotion condition (pleasant or unpleasant 
go-images). Moreover, the stop-signal delay is an adaptive value that 
increases or decreases the task difficulty to maintain task accuracy 
around 50%, thus it can be a proxy for stopping accuracy: poorer 
accuracy yields a shorter stop-signal delay. A parallel ANOVA on 
stop-signal delays adds further context for interpreting response 
inhibition performance.

Follow-up t-tests were computed as needed to interpret significant 
interactive effects. Two-tailed paired t-tests tested effects between 
emotion conditions, while 2-tailed independent samples t-tests tested 
effects between age groups. When Levene’s test indicated unequal 
group variances then Welch’s two-sample t-test was applied. Effect 
sizes were computed for all analyses: Cohen’s d for t-tests and 2

pη  for 
F-tests. All task analyses were repeated independently each with 
affective bias score and self-reported anxiety as covariates, as reported 
in Supplementary materials and summarized in Discussion section.

2.5.3 Power analysis
An a priori power analysis for sample size needed to detect the 

hypothesized significant effects was based on a mixed ANOVA with 
an interaction of between-subjects factor of age group and within-
subjects factor of stop-signal emotion condition. The power analysis 

for a small-to-medium effect size (f = 0.2; based on Williams et al., 
2020, study 3), 0.05 alpha error probability (2-tailed), and 90% power 
determined that a total sample of N = 68 would yield sufficient power 
to detect significant interactive effects (G*Power 3; Faul et al., 2007). 
As described earlier, the final sample included in analyses was N = 79 
(younger adults n = 39, older adults n = 40), confirming that analyses 
were sufficiently well-powered to detect the hypothesized effects.

3 Results

While response accuracy on go-shape trials nearly reached ceiling 
level, M (SD) = 96.54% (2.71), younger adults had higher accuracy 
than older adults, t(74.23) = 2.07, p = 0.04, d = 0.46; younger adults M 
(SD) = 97.16% (2.34), older adults M (SD) = 95.93% (2.92). Response 
omissions on go-shape trials approached floor level [M (SD) = 2.32% 
(2.11)] and did not differ between younger and older adults 
[t(77) = 1.90, p = 0.06, d = 0.43]. See Table  2 for go-shape trials 
percentage accuracy and omissions reported by age group. Younger 
adults’ correct responses to go-shape trials were significantly faster 
than older adults’ responses, t(61.10) = 3.14, p = 0.003, d = 0.71; 
younger adults M (SD) = 732.54 ms (111.44), older adults M 
(SD) = 797.28 ms (65.41). The mean response times for failed stop 
trials for unpleasant images and for pleasant images were each faster 
than the mean response times for each type of go trial (i.e., go-shape, 
unpleasant go-images, and pleasant go-images; all ts(78) > 3.45, all 
ps < 0.001, all ds > 0.38; for full report see Supplementary Table S4), 
upholding the tenets of the independent race model of the stop-signal 
task (Verbruggen and Logan, 2009). See Table 2 for response times 
reported by age group and trial type. The inhibition rate (i.e., 
successfully stopping) for unpleasant and pleasant images were 55.9% 
and 54.5%, respectively, indicating that the stop-signal delay adaptive 
tracking was effective at producing roughly equal proportions of 
successful and unsuccessful stop trials.

TABLE 2 Stop-signal task descriptive statistics.

Older adults (N = 40) Younger adults (N = 39)

M (SD) M (SD)

Unpleasant Stop images inhibition (%) 56.38 (3.00) 55.39 (3.81)

Pleasant Stop images inhibition (%) 54.96 (3.69) 54.10 (3.43)

Stop Signal Delay unpleasant images (ms) 506.96 (109.85) 483.03 (129.87)

Stop Signal Delay pleasant images (ms) 518.31 (88.82) 481.54 (140.33)

SSRT unpleasant images (ms) 250.28 (61.41) 208.60 (51.14)

SSRT pleasant images (ms) 257.07 (54.30) 222.27 (43.10)

Go-shape trials accuracy (%) 95.93 (2.92) 97.16 (2.34)

Go-shape trials response omissions (%) 2.76 (2.08) 1.87 (2.08)

Go-shape trials RT (ms) 797.28 (65.41) 732.54 (111.44)

Unpleasant go-image trials RT (ms) 1019.2 (88.81) 894.02 (125.73)

Pleasant go-image trials RT (ms) 957.02 (96.23) 840.67 (130.69)

Failed stop to unpleasant images RT (ms) 771.11 (84.88) 687.10 (103.38)

Failed stop to pleasant images RT (ms) 750.29 (83.61) 670.21 (111.33)

The stop-signal delay adaptive tracking procedure worked properly, as indicated by successful inhibition rates around 50%. SSRTs did not differ between pleasant and unpleasant images, but 
were longer for older than younger adults. Go-shape trials response omission rate was near floor level and accuracy approached ceiling level. Failed stop RTs are significantly shorter than 
go-shape and go-image trial RTs, indicating that the race model of stop-signal task is upheld. SSRT = Stop-signal reaction time. RT, response time.
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The mixed-effects ANOVA of the effects of age and stop-signal 
emotion condition on SSRTs showed a main effect of age group 
[F(1,77) = 14.06, p < 0.001 2

pη = 0.15] because SSRTs were significantly 
longer for older than younger adults, indicating less efficient response 
inhibition overall in older adults (see Figure 2). There was no main 
effect of emotion [F(1,77) = 2.73, p = 0.10, 2

pη  = 0.03] or interaction 
between age group and emotion on SSRTs [F(1,77) < 0.31, p = 0.58, 

2
pη  = 0.004]. See Table  2 for mean SSRTs reported by age group 

and emotion.
Exploratory analyses on stop-signal delays indicated no 

significant main effect of age group [F(1,77) = 1.60, p = 0.21, 2
pη = 

0.02] or emotion [F(1,77) = 0.18, p = 0.67, 2
pη = 0.002] or 

interaction of age group and emotion [F(1,77) = 0.30, p = 0.59, 2
pη

= 0.004]. In contrast, emotion and age group had marked effects on 
go-image accuracy. See Figure 3 for depiction of stop-signal delays 
and go accuracy by emotion and age group. There was a main effect 
of age group [F(1,77) = 10.42, p = 0.002, 2

pη = 0.12] because 
go-image response accuracy was higher for younger than older 
adults. There was also a main effect of emotion [F(1,77) = 22.60, 
p < 0.0001, 2

pη = 0.23] because go-image accuracy was higher for 
pleasant than unpleasant images. These main effects were qualified 
by an interaction between age group and emotion [F(1,77) = 9.04, 
p = 0.004, 2

pη = 0.11] revealing that younger adults had higher 
accuracy than older adults only when responding to unpleasant 
go-images [t(62.15) = 3.92, p < 0.001, d = 0.88]; there was no 
significant difference between younger and older adults’ response 
accuracy for pleasant go-images [t(77) = 1.05, p = 0.30, d = 0.24]. 
See Table 2 for all stop-signal task outcome measures reported by 
age group and emotion.

4 Discussion

The current study aimed to identify the impacts of emotion and 
typical aging on reactive response inhibition. To do so, younger and 
older adults completed a novel stop-signal task design employing a 
large set of emotionally pleasant and unpleasant scene images as 
explicit stop cues. This design was developed to better model the 
stopping processes engaged during our affectively rich daily lives, 
which are more complex than the stopping processes elicited by the 
simple auditory tones or color change cues used in standard stop-
signal tasks. Results revealed that older adults have less efficient 
stopping ability than younger adults overall when emotion is the 
explicit focus of the response inhibition goals. However, response 
inhibition does not significantly differ between pleasant and 
unpleasant information for either age group. These insights 
substantively expand the limited literature of how aging impacts 
inhibitory control in emotional contexts. Notably, this study is only 
the second to date directly comparing the stopping efficiency of 
younger and older adults when emotion is explicitly task-relevant to 
the goals of implementing inhibition (Williams et al., 2020).

4.1 Implementing inhibition for emotional 
information

While a growing literature has investigated the implicit and 
explicit effects of emotion on response inhibition in younger adults, 
prior studies have generally treated emotion as merely incidental to 
implementing inhibition. Consequently, our earlier study provided the 

FIGURE 2

Stop-signal reaction time results by age group and emotion condition. Older adults had significantly longer stop-signal reaction times (SSRTs) than 
younger adults. SSRTs did not differ when stopping for pleasant versus unpleasant scene images, and age group did not interact with emotion 
condition. *p = 0.002.
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primary basis for deriving expectations about the effects of aging on 
task-relevant emotional response inhibition in the current study. 
Using a simpler variety of an explicit emotional stop-signal task, 
we previously observed significantly less efficient stopping for negative 
(fearful) facial expressions than positive (happy) ones, yet no mean 
difference in response efficiency between younger and older adults 
(Williams et al., 2020, study 3). We concluded then that emotional 

information impacts response inhibition similarly in both age groups 
when attentional focus on the emotional attributes of stimuli is 
necessary to successfully complete the task. Other investigators have 
drawn similar conclusions regarding task-relevance of attention to 
emotion as a significant factor for evoking effects of emotion on 
response inhibition in the context of go/no-go tasks in younger adults 
(Calbi et al., 2022; Mancini et al., 2022). Given the similarity in task 

FIGURE 3

Stop-signal delays and go-image accuracy by age group and emotion condition. (A) Stop-signal delay (SSD), which adaptively adjusts with accuracy on 
stop trials, did not differ between younger and older adults or between pleasant and unpleasant scene images. (B) Accuracy of correctly completing 
responses on go-image trials was significantly greater for younger than older adults, and also greater for pleasant than unpleasant images. Effects of 
age group and emotion condition interacted because older adults had lower accuracy than younger adults when responding to unpleasant go-images, 
but younger and older adults’ accuracy did not differ when responding to pleasant go-images. **p < 0.001.

https://doi.org/10.3389/fpsyg.2025.1568492
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Waring and Hartling 10.3389/fpsyg.2025.1568492

Frontiers in Psychology 11 frontiersin.org

instructions between the current and prior study–both focused 
attention on the emotional attributes of stimuli (i.e., emotion as task-
relevant)–we anticipated similar patterns of results: impairing effects 
of negative (vs positive) stimuli on stopping efficiency, with no 
significant effects of aging. However, results did not demonstrate the 
expected effects. We believe the most plausible explanation for the 
distinction in study outcomes lies in the greater emotional appraisal 
demands necessary to determine the correct behavioral response (i.e., 
stop or go) to the more complex affective stimuli used in the present 
study than the prior design. Although the affective attributes of the 
stop-signal were task-relevant in both the current and prior designs, 
the content of the stop-cue was significantly more varied in the 
current study. While we employed the three facial expressions (happy, 
neutral, fearful) in Williams et al. (2020), the present study required 
participants to identify and appraise a highly varied set of emotionally 
salient scene images. Images depicted a wide range of content, 
including pastoral landscapes, gruesome physical injuries, playful 
puppies and kittens, dangerous animals, feces, and appetizing foods. 
The broader stimulus set likely imposed greater demands for visual 
recognition and emotional appraisal than when distinguishing 
between three types of facial expressions.

Another possible explanation for distinctions between results of 
Williams et al. (2020) and the present study is that faces and scene 
images are processed in qualitatively different ways. Facial expressions 
are important social cues that convey knowledge about the present 
environment to shape behavior and affect (Hess et  al., 2009). 
Moreover, faces and scenes are processed in distinct brain regions 
(Downing et al., 2006) and may engage differing neural connectivity 
with brain regions supporting response inhibition (Ocklenburg et al., 
2013). Furthermore, older and younger adults have different socio-
emotional goals (Carstensen et al., 1999; Carstensen and DeLiema, 
2018) and attend differently to positive and negative faces (Mather and 
Carstensen, 2003), both of which may promote more pronounced age 
differences when the stop-signals are faces compared to 
non-social scenes.

The presentation of emotional images overlaid on the go-signals 
commanded appraisal of their pleasantness or unpleasantness while a 
motor response was already in progress, akin to a complex or selective 
stopping task (Bissett and Logan, 2014; Colonius and Diederich, 2023; 
Wessel and Aron, 2014). Unlike typical stop-signal tasks, where the 
onset of the stop-cue (e.g., an auditory tone or color cue) has a static 
and straightforward meaning (Bissett and Logan, 2014; Wessel and 
Aron, 2014), the current emotional stop-signal task design required a 
more deliberate and subjective identification and subsequent appraisal 
process (Luther et al., 2023; Moors et al., 2013; Scherer and Moors, 
2019; Schupp et  al., 2006). This design increased the cognitive 
demands of the task because once the prepotent impulse to respond 
(i.e., “go”) was established across all trials, the rare presentation of 
emotional scene images necessitated a decision based on rapid 
interpretation (i.e., What is the content of this image?) and appraisal 
(i.e., Is the content of this image pleasant or unpleasant?) to determine 
the desired course of action: either continuing or stopping the 
response already underway (Siemer et al., 2007).

It is also important to emphasize that the novel stop-signal task 
developed for the present study did not merely convert a stop-signal 
task into a go/no-go task. Reactively stopping an action already 
underway, as the present task required, is a cognitive process distinct 
from proactively not initiating a response (Littman and Takács, 2017; 

Meyer and Bucci, 2016; Raud et al., 2020). Additionally, the timing of 
the stop-signal onset relies on the adaptive stop-signal delay (ensuring 
that accuracy is maintained around 50%), which is a critical distinction 
from go/no-go task designs (Wessel, 2025). Lastly, the very small effect 
sizes (all 2

pη < 0.04) of the null main and interactive effects of emotion 
on response inhibition should be appreciated in the context of robust 
analyses well-powered to detect significant effects. Thus, the current 
study effectively advances knowledge of how reactive response 
inhibition is implemented for emotional contexts.

Decades of empirical evidence suggest that canceling a variety of 
motor actions (e.g., arm, hand, and eye movements), speech, and 
thoughts occurs on similar timescales, and relies on a common 
domain-general control process irrespective of the modality of 
behavior (Apšvalka et al., 2022; Hannah and Aron, 2021; Logan, 1994; 
Logan and Cowan, 1984; Wessel and Anderson, 2024). Moreover, 
simple and complex stop-signal tasks employ the same core brain 
networks (Wessel and Aron, 2014). Non-selective inhibition employed 
in standard stop-signal tasks recruits a direct (i.e., hyperdirect) ventral 
prefrontal-subthalamic nucleus pathway for general motor 
suppression, while selective stopping recruits an indirect pathway that 
engages these areas plus a variety of additional brain regions (Chen 
et al., 2020; Wessel and Anderson, 2024). Specifically, in the context of 
the present design, it is likely that a variety of prefrontal and 
subcortical regions supporting emotional appraisal and regulation are 
engaged when the pleasant and unpleasant images appear (Denny 
et al., 2023; Luther et al., 2023). These regions interact with the motor 
control regions typically engaged during inhibitory control (Apšvalka 
et  al., 2022; Hannah and Aron, 2021; Schmidt and Berke, 2017). 
However, whether simple versus complex variations of emotional 
stop-signal tasks, or emotional versus non-emotional complex 
stopping tasks, share the same neural mechanisms remains to 
be tested.

4.2 Aging and emotion processing

Although speculative, it is plausible that the rapid and highly 
constrained task demands in the present study eliminate the 
significant effects of emotion that younger and older adults both 
evidenced during the simpler version of an emotional stop-signal task 
(Williams et al., 2020, study 3). As noted earlier, the current design 
resembles a complex or selective stopping task (Bissett and Logan, 
2014; Wessel and Aron, 2014). Under these conditions, older adults’ 
habitual or automatic emotion processing and regulation are limited 
both by the task pace and instructions, compared to less-constrained 
designs (Reed et  al., 2014). The more evaluative, appraisal-based 
selective stopping design may explain why the significant emotion 
effects that younger and older adults displayed when stopping for one 
of three facial expressions (Williams et al., 2020) were not observed in 
the present design. With respect to the rapid pace and constrained 
demands of the task, it is also intriguing to note that there were no 
main or interactive effects of age on the stop-signal delay, which 
indexes stopping accuracy. This finding indicates that, when given 
slightly more time, older adults can implement reactive stopping for 
emotional scene images with similar accuracy as younger adults.

Another notable feature of this study design is that we collected 
participants’ personal interpretations of each of the 240 scene 
images (pleasant, unpleasant) presented in the stop-signal task. 
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These individual image ratings enabled computing an affective bias 
score for each person. Affective bias scores allowed us to evaluate: 
1- whether our participants’ interpretations of the images were 
more positively or negatively biased than either published 
normative ratings or our local pilot study sample, and 2- whether 
there were significant age differences in image interpretation. These 
considerations have implications for the reliability of the stop-signal 
delay’s adaptive tracking of inhibition accuracy, which assumes that 
study participants’ image interpretations concur with published 
ratings. Critically, the interpretation of stop- and go-image trial 
responses did not change when including affective bias scores as a 
covariate in analyses; all reported effects were replicated even when 
accounting for the possibility of atypical image interpretation (e.g., 
a tendency to perceive the scene images more positively or 
negatively than normative ratings; results reported in 
Supplementary materials).

In light of significantly higher self-reported anxiety (STAI; 
Spielberger, 1983) in younger compared to older adults in the 
present sample (reported in Supplementary materials), we also 
evaluated whether anxiety significantly impacted task 
performance. Literature suggests that anxiety can bias sustained 
attention toward threat-related information (Clauss et al., 2022) 
and that anxious arousal reduces inhibitory control (Pacheco-
Unguetti et  al., 2012; Roxburgh et  al., 2022), possibly by 
consuming mental resources needed for effective inhibitory 
control (Eysenck et  al., 2007; Pessoa et  al., 2012, study 2). 
However, including anxiety as a covariate in analyses of the 
present stop-signal task did not change the interpretation of 
results. All reported effects were replicated after accounting for 
the possibility of a significant influence of state or trait level 
anxiety (reported in Supplementary materials). These additional 
analyses evaluating the possibilities of affective bias or anxiety 
effects strengthen our confidence in the validity of the study’s 
conclusions. Thus, we  can discount the possibility that the 
reported effects were driven by significant systematic 
age-differences in image interpretation or self-reported anxiety.

4.3 Comparing stop and go processes

A further innovation of this stop-signal task design is that in 
addition to measuring stopping efficiency, it also enabled exploratory 
analyses of responses executed for go-images, as the occasional images 
presented could signify either ‘go’ or ‘stop’ cues depending upon the 
instructions for the respective task block. For example, when 
instructed to stop for pleasant images, one must still execute the ‘go’ 
keypress for unpleasant images, and vice versa. This design allowed us 
to investigate whether emotional valence influenced correctly 
executed responses (go-image trials) similarly to its impact on 
inhibited responses (stop trials). Critically, if emotional valence 
impacted both processes equivalently, then we  would expect to 
observe similar patterns of main and interactive effects of emotion 
across ‘stop’ and ‘go-image’ trials. We identified that although emotion 
did not significantly influence stopping efficiency (SSRTs) or stopping 
accuracy (stop-signal delay), a different pattern emerged for correctly 
executed responses: go-image responses were significantly impacted 
by emotion, aging, and their interactive effects, as discussed in the 
following section.

4.3.1 Insights into aging and emotion processing
The differing results for response execution versus response 

inhibition for scene images advances basic understanding of how 
emotion influences response tendencies, highlighting that emotion 
does not exert uniform effects during response execution and 
inhibition across the adult lifespan (Waring et al., 2019). We observed 
that pleasant and unpleasant images differently impact successful 
response execution in early versus later adulthood, while the effects of 
emotional valence on response inhibition are relatively stable with 
aging. The observed main and interactive effects of emotion (and age 
group) on go-image trials accuracy, contrasted with the absence of 
such effects in stop trials performance (i.e., both stopping efficiency 
and accuracy), suggest that older adults can effectively adjust their 
response strategies when approaching emotional stimuli. These 
findings align broadly with motivational theories underlying 
age-related positivity effects (Carstensen, 2019; Carstensen and 
DeLiema, 2018). That is, the present study suggests that older adults 
may approach and engage less with unpleasant scenarios than younger 
adults, while both age groups engage with positive scenarios with 
comparable accuracy. Importantly, while older adults exhibit poorer 
response inhibition than younger adults overall, inhibition was 
comparable across pleasant and unpleasant contexts within each age 
group. These effects highlight that although aging impacts overall 
inhibitory control, effects of emotional context on response inhibition 
appear consistent across the adult lifespan.

4.3.2 Basic insights into response inhibition
The distinct effects of emotional images during stop versus 

go-image trials advances broader understanding of how the brain 
implements response inhibition. Neurophysiological evidence from 
rodent basal ganglia recordings suggests that response inhibition is 
not a single, uniform ‘stop’ process, but instead is implemented 
through a two-stage ‘pause-then-cancel’ process (Schmidt et al., 2013; 
Schmidt and Berke, 2017). According to this model, all images in the 
present design would initially trigger a pause process, while only 
images matching the stop instruction would then proceed to full 
cancellation of the response. In contrast, the prepotent go responses 
to shapes would not initiate a pause process at all. This framework 
helps explain the slower responses observed for go-images compared 
to shapes. When scene images appear—whether serving as stop- or 
go-signals—their high salience and complexity likely initiate a ‘pause’ 
process for additional evaluative and appraisal processing (Moors 
et al., 2013; Scherer and Moors, 2019) prior to selectively applying a 
full cancellation (i.e., only for trials matching the stop-signal; Diesburg 
and Wessel, 2021; Wessel, 2025). Future work contrasting younger and 
older adults’ neural signatures of response inhibition (cancellation) 
versus execution for emotional stimuli will offer further clarity about 
these possibilities.

4.4 Strengths and limitations of the study

The greater variety and complexity of the stop signals 
employed in the present study substantially enhances the 
ecological validity of the design over most prior response 
inhibition tasks, better emulating the complex behavioral control 
decisions implemented in daily life (Hannah and Aron, 2021). 
Standard stop-signal tasks model a scenario of responding to 
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unambiguous and affectively-neutral stimuli, yet beyond 
canonical examples of traffic lights or sirens, there are very few 
instances in everyday life where we inhibit or complete behaviors 
in response to explicit cues that lack affective salience. In daily 
living, much of our inhibition is implemented to align our 
thoughts and actions with affective goals, such as avoiding 
frightening and dangerous situations (e.g., avoiding traffic or 
broken glass on the street), maintaining social appropriateness 
(e.g., minimizing embarrassment), avoiding disgust from 
unsanitary conditions (e.g., avoiding stepping on pet waste or 
eating spoiled food), and mitigating sadness or anxiety by 
reducing emotionally maladaptive mindsets (e.g., rumination). 
Empirical evidence increasingly demonstrates that inhibition of 
actions and thoughts rely on the same core cognitive and neural 
resources (Apšvalka et al., 2022; Castiglione et al., 2019; Wessel 
and Anderson, 2024). Thus, the present design advances the field 
by offering a more representative model of how individuals 
rapidly appraise and decide whether to engage or avoid 
emotionally salient information, and how normative aging 
impacts these processes. We extended the traditional stop-signal 
task by implementing stopping decisions based on appraisal of 
more naturalistic and complex visual images, rather than the 
auditory tones or simple stimulus color changes that cue stopping 
in standard tasks. The present study aimed to more closely model 
the inhibitory processes implemented in real-world scenarios, 
albeit still within a laboratory environment. Importantly, the 
paradigm achieves the critical validity checks of the standard 
stop-signal task and its key outcome measure, the SSRT (Bissett 
et  al., 2021; Matzke et  al., 2018; Verbruggen et  al., 2019), as 
affirmed in the methods and results. Thus, this novel stop-signal 
task design is valid and robust while achieving greater 
ecological validity.

While the novel study design presented here has many strengths, 
there are also a few limitations that present opportunities for future 
investigation. Most notably, we did not include neutral scene images in 
the present study for two primary reasons, 1-the difficulty of rapidly 
discriminating neutral images from either pleasant or unpleasant images 
during the time constraints of the task trials, and 2-the consideration of 
limiting participant time burden, as adding a third stimulus type would 
substantially lengthen the task duration. Consequently, our conclusions 
are limited to comparing response inhibition between pleasant and 
unpleasant stimuli, without a neutral non-arousing baseline for contrast. 
Additionally, the need to limit participant time burden also prevented 
including a conventional stop-signal task to compare within-person 
performance between complex and simple stopping demands. Recording 
eye-tracking or electrophysiology (EEG, ERP) in future studies will offer 
high temporal-resolution evidence of the eye movements or brain 
responses corresponding with the behavior observed in the present 
study. Although we adjusted the low-level visual properties of the image 
stimulus set to match luminance and contrast levels (SHINE toolbox; Dal 
Ben, 2023; Willenbockel et  al., 2010), it is possible that there are 
remaining differences in other perceptual features across the stimulus set.

While we screened potential participants for diagnosed mental illness 
and indication of currently elevated anxiety or depression before 
enrollment, the final participant sample exhibited sporadic cases of 
subclinical anxiety and depression, representative of the broader 
population. In particular, younger adult participants reported higher 
average anxiety than the older adult participants. Although follow-up 

analyses indicated that anxiety did not significantly impact task 
performance in the present study (reported in Supplementary  
materials), an intriguing area of future research is whether emotional 
response inhibition in this novel stop-signal task design will differ in 
individuals with clinically diagnosed anxiety disorders (Clauss 
et al., 2022).

5 Conclusion

This is the first study to compare how younger and older adults 
implement response inhibition in direct response to pleasant and 
unpleasant scenes. We developed a novel version of the stop-signal 
task to enhance ecological validity over prior stop-signal tasks and 
more closely model how adults implement stopping in complex, 
emotionally arousing contexts. Results show that aging reduces 
response inhibition overall, and age-related changes are not selective 
to positive or negative emotional valence. In other words, older adults 
exhibit similar inhibitory control for complex pleasant versus 
unpleasant information, although less efficiently than younger adults.

When environmental demands require rapid evaluation and 
appraisal of complex affectively salient information in order to 
determine the appropriate course of action, then inhibition is 
comparable across emotionally pleasant and unpleasant information 
for both younger and older adults. Exploratory analyses permitted 
additional insights into the distinction between response tendencies 
for completing versus inhibiting actions. These analyses revealed that 
positive valence (versus negative) uniquely benefits executing 
responses but not inhibiting responses in emotional visual contexts. 
This study offers the first evidence of the effects of aging and emotional 
valence on response inhibition for complex, emotionally salient 
information. In doing so, the present study contributes a more 
comprehensive picture of how younger and older adults implement 
inhibitory control in daily living.

Author’s note

Preliminary results were presented previously at the annual 
meetings of the Association for Psychological Science, San Francisco, 
CA (May 2024) and Midwestern Psychological Association, Chicago, 
IL (April 2024).

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The study data can be found at: Open Science Framework 
(OSF), https://osf.io/haety/.

Ethics statement

The study was approved by the Saint Louis University 
Institutional Review Board (IRB). The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

https://doi.org/10.3389/fpsyg.2025.1568492
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://osf.io/haety/


Waring and Hartling 10.3389/fpsyg.2025.1568492

Frontiers in Psychology 14 frontiersin.org

Author contributions

JW: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Supervision, Validation, Visualization, Writing – original 
draft, Writing – review & editing. SH: Data curation, Formal analysis, 
Investigation, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. Funding was provided by 
Saint Louis University Stolle Fund, Billiken Boost program, and 
Institute for Translational Neuroscience; and the Association for 
Psychological Science.

Acknowledgments

We thank the members of the Cognitive and Affective 
Neuroscience of Aging Lab, especially Meg Benington, Emily Haar, 
Isha Kalaga, Julia Lanfersieck, and Erin Murray for their assistance 
with project development, recruitment, data collection, and data 
entry; and Samantha Williams for assistance with project development. 
We  are also grateful to Giovanni Mirabella for helpful project 
discussions and feedback on an earlier draft.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1568492/
full#supplementary-material

References
Apšvalka, D., Ferreira, C. S., Schmitz, T. W., Rowe, J. B., and Anderson, M. C. 

(2022). Dynamic targeting enables domain-general inhibitory control over action and 
thought by the prefrontal cortex. Nat. Commun. 13:274. doi: 
10.1038/s41467-021-27926-w

Aron, A. R. (2011). From reactive to proactive and selective control: developing a 
richer model for stopping inappropriate responses. Biol. Psychiatry 69, e55–e68. doi: 
10.1016/j.biopsych.2010.07.024

Battaglia, S., Cardellicchio, P., Di Fazio, C., Nazzi, C., Fracasso, A., and Borgomaneri, S. 
(2022a). Stopping in (e)motion: reactive action inhibition when facing valence-
independent emotional stimuli. Front. Behav. Neurosci. 16:998714. doi: 10.3389/fnbeh. 
2022.998714

Battaglia, S., Cardellicchio, P., Di Fazio, C., Nazzi, C., Fracasso, A., and Borgomaneri, S. 
(2022b). The influence of vicarious fear-learning in “infecting” reactive action inhibition. 
Front. Behav. Neurosci. 16:946263. doi: 10.3389/fnbeh.2022.946263

Battaglia, S., Serio, G., Scarpazza, C., D’Ausilio, A., and Borgomaneri, S. (2021). Frozen 
in (e)motion: how reactive motor inhibition is influenced by the emotional content of 
stimuli in healthy and psychiatric populations. Behav. Res. Ther. 146:103963. doi: 
10.1016/j.brat.2021.103963

Bissett, P. G., Jones, H. M., Poldrack, R. A., and Logan, G. D. (2021). Severe violations 
of independence in response inhibition tasks. Sci. Adv. 7:eabf4355. doi: 
10.1126/sciadv.abf4355

Bissett, P. G., and Logan, G. D. (2014). Selective stopping? Maybe not. J. Exp. Psychol. 
Gen. 143, 455–472. doi: 10.1037/a0032122

Bloemendaal, M., Zandbelt, B., Wegman, J., Van De Rest, O., Cools, R., and Aarts, E. 
(2016). Contrasting neural effects of aging on proactive and reactive response inhibition. 
Neurobiol. Aging 46, 96–106. doi: 10.1016/j.neurobiolaging.2016.06.007

Calbi, M., Montalti, M., Pederzani, C., Arcuri, E., Umiltà, M. A., Gallese, V., et al. 
(2022). Emotional body postures affect inhibitory control only when task-relevant. 
Front. Psychol. 13:1035328. doi: 10.3389/fpsyg.2022.1035328

Camfield, D. A., Burton, T. K., De Blasio, F. M., Barry, R. J., and Croft, R. J. (2018). 
ERP components associated with an indirect emotional stop signal task in healthy and 
depressed participants. Int. J. Psychophysiol. 124, 12–25. doi: 
10.1016/j.ijpsycho.2017.12.008

Campbell, K. L., Lustig, C., and Hasher, L. (2020). Aging and inhibition: introduction 
to the special issue. Psychol. Aging 35, 605–613. doi: 10.1037/pag0000564

Carstensen, L. L. (2019). Integrating cognitive and emotion paradigms to address the 
paradox of aging. Cognit. Emot. 33, 119–125. doi: 10.1080/02699931.2018.1543181

Carstensen, L. L., and DeLiema, M. (2018). The positivity effect: a negativity bias 
in youth fades with age. Curr. Opin. Behav. Sci. 19, 7–12. doi: 10.1016/j. 
cobeha.2017.07.009

Carstensen, L. L., Isaacowitz, D. M., and Charles, S. T. (1999). Taking time seriously. 
A theory of socioemotional selectivity. Am. Psychol. 54, 165–181. doi: 10.1037//0003- 
066x.54.3.165

Castiglione, A., Wagner, J., Anderson, M., and Aron, A. R. (2019). Preventing a 
thought from coming to mind elicits increased right frontal Beta just as stopping action 
does. Cereb. Cortex 29, 2160–2172. doi: 10.1093/cercor/bhz017

Chen, W., De Hemptinne, C., Miller, A. M., Leibbrand, M., Little, S. J., Lim, D. A., et al. 
(2020). Prefrontal-subthalamic Hyperdirect pathway modulates movement inhibition 
in humans. Neuron 106, 579–588.e3. doi: 10.1016/j.neuron.2020.02.012

Clauss, K., Gorday, J. Y., and Bardeen, J. R. (2022). Eye tracking evidence of threat-
related attentional bias in anxiety- and fear-related disorders: a systematic review and 
meta-analysis. Clin. Psychol. Rev. 93:102142. doi: 10.1016/j.cpr.2022.102142

Coccaro, A., Maffei, A., Kleffner, K., Carolan, P. L., Vallesi, A., D’Adamo, G., et al. 
(2024). The point of no return in the emotional stop-signal task: a matter of affect or 
method? PLoS One 19:e0315082. doi: 10.1371/journal.pone.0315082

Colonius, H., and Diederich, A. (2023). “Modeling response inhibition in the stop-
signal task” in New handbook of mathematical psychology. eds. F. G. Ashby, H. 
Colonius and E. N. Dzhafarov. 1st ed (Cambridge: Cambridge University Press), 
311–356.

Congdon, E., Mumford, J. A., Cohen, J. R., Galvan, A., Canli, T., and Poldrack, R. A. 
(2012). Measurement and reliability of response inhibition. Front. Psychol. 3:37. doi: 
10.3389/fpsyg.2012.00037

Dal Ben, R. (2023). SHINE_color: controlling low-level properties of colorful images. 
MethodsX 11:102377. doi: 10.1016/j.mex.2023.102377

Dan-Glauser, E. S., and Scherer, K. R. (2011). The Geneva affective picture database 
(GAPED): a new 730-picture database focusing on valence and normative significance. 
Behav. Res. Methods 43, 468–477. doi: 10.3758/s13428-011-0064-1

Denny, B. T., Jungles, M. L., Goodson, P. N., Dicker, E. E., Chavez, J., Jones, J. S., et al. 
(2023). Unpacking reappraisal: a systematic review of fMRI studies of distancing and 
reinterpretation. Soc. Cogn. Affect. Neurosci. 18:nsad050. doi: 10.1093/scan/nsad050

https://doi.org/10.3389/fpsyg.2025.1568492
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1568492/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2025.1568492/full#supplementary-material
https://doi.org/10.1038/s41467-021-27926-w
https://doi.org/10.1016/j.biopsych.2010.07.024
https://doi.org/10.3389/fnbeh.2022.998714
https://doi.org/10.3389/fnbeh.2022.998714
https://doi.org/10.3389/fnbeh.2022.946263
https://doi.org/10.1016/j.brat.2021.103963
https://doi.org/10.1126/sciadv.abf4355
https://doi.org/10.1037/a0032122
https://doi.org/10.1016/j.neurobiolaging.2016.06.007
https://doi.org/10.3389/fpsyg.2022.1035328
https://doi.org/10.1016/j.ijpsycho.2017.12.008
https://doi.org/10.1037/pag0000564
https://doi.org/10.1080/02699931.2018.1543181
https://doi.org/10.1016/j.cobeha.2017.07.009
https://doi.org/10.1016/j.cobeha.2017.07.009
https://doi.org/10.1037//0003-066x.54.3.165
https://doi.org/10.1037//0003-066x.54.3.165
https://doi.org/10.1093/cercor/bhz017
https://doi.org/10.1016/j.neuron.2020.02.012
https://doi.org/10.1016/j.cpr.2022.102142
https://doi.org/10.1371/journal.pone.0315082
https://doi.org/10.3389/fpsyg.2012.00037
https://doi.org/10.1016/j.mex.2023.102377
https://doi.org/10.3758/s13428-011-0064-1
https://doi.org/10.1093/scan/nsad050


Waring and Hartling 10.3389/fpsyg.2025.1568492

Frontiers in Psychology 15 frontiersin.org

Diesburg, D. A., and Wessel, J. R. (2021). The pause-then-cancel model of human 
action-stopping: theoretical considerations and empirical evidence. Neurosci. Biobehav. 
Rev. 129, 17–34. doi: 10.1016/j.neubiorev.2021.07.019

Ding, J., Wang, Y., Wang, C., d’Oleire Uquillas, F., He, Q., Cheng, L., et al. (2020). 
Negative impact of sadness on response inhibition in females: an explicit emotional 
stop signal task fMRI study. Front. Behav. Neurosci. 14:119. doi: 
10.3389/fnbeh.2020.00119

Downing, P. E., Chan, A. W.-Y., Peelen, M. V., Dodds, C. M., and Kanwisher, N. 
(2006). Domain specificity in visual cortex. Cereb. Cortex 16, 1453–1461. doi: 
10.1093/cercor/bhj086

Eysenck, M. W., Derakshan, N., Santos, R., and Calvo, M. G. (2007). Anxiety and 
cognitive performance: attentional control theory. Emotion 7, 336–353. doi: 
10.1037/1528-3542.7.2.336

Faul, F., Erdfelder, E., Lang, A.-G., and Buchner, A. (2007). G*power 3: a flexible 
statistical power analysis program for the social, behavioral, and biomedical sciences. 
Behav. Res. Methods 39, 175–191. doi: 10.3758/BF03193146

Folstein, M., Folstein, S., and McHugh, P. (1975). A practical method for grading the 
cognitive state of patients for the clinician. J. Psychiatr. Res. 12, 189–198. doi: 
10.1016/0022-3956(75)90026-6

Freeman, J. B., and Ambady, N. (2010). MouseTracker: software for studying real-time 
mental processing using a computer mouse-tracking method. Behav. Res. Methods 42, 
226–241. doi: 10.3758/BRM.42.1.226

Gazzaley, A., and D’Esposito, M. (2007). Top-down modulation and Normal aging. 
Ann. N. Y. Acad. Sci. 1097, 67–83. doi: 10.1196/annals.1379.010

Gupta, R., and Singh, J. P. (2021). Only irrelevant angry, but not happy, expressions 
facilitate the response inhibition. Atten. Percept. Psychophys. 83, 114–121. doi: 
10.3758/s13414-020-02186-w

Hannah, R., and Aron, A. R. (2021). Towards real-world generalizability of a 
circuit for action-stopping. Nat. Rev. Neurosci. 22, 538–552. doi: 
10.1038/s41583-021-00485-1

Harris, P. A., Taylor, R., Minor, B. L., Elliott, V., Fernandez, M., O’Neal, L., et al. (2019). 
The REDCap consortium: building an international community of software platform 
partners. J. Biomed. Inform. 95:103208. doi: 10.1016/j.jbi.2019.103208

Harris, P. A., Taylor, R., Thielke, R., Payne, J., Gonzalez, N., and Conde, J. G. (2009). 
Research electronic data capture (REDCap)—a metadata-driven methodology and 
workflow process for providing translational research informatics support. J. Biomed. 
Inform. 42, 377–381. doi: 10.1016/j.jbi.2008.08.010

Heathcote, A., and Matzke, D. (2022). Winner takes all! What are race models, and 
why and how should psychologists use them? Curr. Dir. Psychol. Sci. 31, 383–394. doi: 
10.1177/09637214221095852

Herbert, C., and Sütterlin, S. (2011). Response inhibition and memory retrieval of 
emotional target words: evidence from an emotional stop-signal task. J. Behav. Brain Sci. 
1, 153–159. doi: 10.4236/jbbs.2011.13020

Hess, U., Adams, R. B., and Kleck, R. E. (2009). The face is not an empty canvas: how 
facial expressions interact with facial appearance. Philos. Trans. Royal Society B 364, 
3497–3504. doi: 10.1098/rstb.2009.0165

Kalanthroff, E., Cohen, N., and Henik, A. (2013). Stop feeling: inhibition of emotional 
interference following stop-signal trials. Front. Hum. Neurosci. 7:78. doi: 
10.3389/fnhum.2013.00078

Kardos, Z., Kóbor, A., and Molnár, M. (2020). Accurate response selection and 
inhibition in healthy aging: an event-related potential study. Psychol. Aging 35, 720–728. 
doi: 10.1037/pag0000466

Katzman, R., Brown, T., Fuld, P., Peck, A., Schechter, R., and Schimmel, H. (1983). 
Validation of a short orientation-memory-concentration test of cognitive impairment. 
Am. J. Psychiatry 140, 734–739. doi: 10.1176/ajp.140.6.734

Kroenke, K., Spitzer, R. L., and Williams, J. B. W. (2003). The patient health 
Questionnaire-2: validity of a two-item depression screener. Med. Care 41, 1284–1292. 
doi: 10.1097/01.MLR.0000093487.78664.3C

Krypotos, A.-M., Jahfari, S., Van Ast, V. A., Kindt, M., and Forstmann, B. U. (2011). 
Individual differences in heart rate variability predict the degree of slowing during 
response inhibition and initiation in the presence of emotional stimuli. Front. Psychol. 
2:278. doi: 10.3389/fpsyg.2011.00278

Kurdi, B., Lozano, S., and Banaji, M. R. (2017). Introducing the open affective 
standardized image set (OASIS). Behav. Res. Methods 49, 457–470. doi: 
10.3758/s13428-016-0715-3

Leotti, L. A., and Wager, T. D. (2010). Motivational influences on response 
inhibition measures. J. Exp. Psychol. Hum. Percept. Perform. 36, 430–447. doi: 
10.1037/a0016802

Littman, R., and Takács, Á. (2017). Do all inhibitions act alike? A study of go/no-go 
and stop-signal paradigms. PLoS One 12:e0186774. doi: 10.1371/journal.pone.0186774

Logan, G. D. (1994). “On the ability to inhibit thought and action: a users’ guide to 
the stop signal paradigm” in Inhibitory processes in attention, memory, and language 
(Cambridge: Academic Press), 189–239.

Logan, G. D., and Cowan, W. B. (1984). On the ability to inhibit thought and action: 
a theory of an act of control. Psychol. Rev. 91, 295–327. doi: 10.1037/0033-295X.91.3.295

Luther, L., Horschig, J. M., van Peer, J. M., Roelofs, K., Jensen, O., and 
Hagenaars, M. A. (2023). Oscillatory brain responses to emotional stimuli are effects 
related to events rather than states. Front. Hum. Neurosci. 16:868549. doi: 
10.3389/fnhum.2022.868549

Mancini, C., Falciati, L., Maioli, C., and Mirabella, G. (2022). Happy facial expressions 
impair inhibitory control with respect to fearful facial expressions but only when task-
relevant. Emotion 22, 142–152. doi: 10.1037/emo0001058

Mather, M., and Carstensen, L. L. (2003). Aging and attentional biases for emotional 
faces. Psychol. Sci. 14, 409–415. doi: 10.1111/1467-9280.01455

Matzke, D., Verbruggen, F., and Logan, G. D. (2018). “The stop-signal paradigm” in 
Stevens’ handbook of experimental psychology and cognitive neuroscience (Hoboken, 
NJ: John Wiley & Sons, Ltd.), 1–45.

Meyer, H. C., and Bucci, D. J. (2016). Neural and behavioral mechanisms of proactive 
and reactive inhibition. Learn. Mem. 23, 504–514. doi: 10.1101/lm.040501.115

Mikels, J. A., and Shuster, M. M. (2016). The interpretative lenses of older adults are 
not rose-colored—just less dark: aging and the interpretation of ambiguous scenarios. 
Emotion 16, 94–100. doi: 10.1037/emo0000104

Moors, A., Ellsworth, P. C., Scherer, K. R., and Frijda, N. H. (2013). Appraisal theories 
of emotion: state of the art and future development. Emot. Rev. 5, 119–124. doi: 
10.1177/1754073912468165

Nayak, S., Kuo, C., and Tsai, A. C.-H. (2019). Mid-frontal Theta modulates response 
inhibition and decision making processes in emotional contexts. Brain Sci. 9:271. doi: 
10.3390/brainsci9100271

Ocklenburg, S., Ness, V., Güntürkün, O., Suchan, B., and Beste, C. (2013). Response 
inhibition is modulated by functional cerebral asymmetries for facial expression 
perception. Front. Psychol. 4:879. doi: 10.3389/fpsyg.2013.00879

Pacheco-Unguetti, A., Acosta, A., Lupiáñez, J., Román, N., and Derakshan, N. (2012). 
Response inhibition and attentional control in anxiety. Q. J. Exp. Psychol. 65, 646–660. 
doi: 10.1080/17470218.2011.637114

Pandey, S., and Gupta, R. (2022a). Irrelevant angry faces impair response inhibition, 
and the go and stop processes share attentional resources. Sci. Rep. 12:16962. doi: 
10.1038/s41598-022-19116-5

Pandey, S., and Gupta, R. (2022b). Irrelevant positive emotional information facilitates 
response inhibition only under a high perceptual load. Sci. Rep. 12:14591. doi: 
10.1038/s41598-022-17736-5

Patterson, T. K., Lenartowicz, A., Berkman, E. T., Ji, D., Poldrack, R. A., and 
Knowlton, B. J. (2016). Putting the brakes on the brakes: negative emotion disrupts 
cognitive control network functioning and alters subsequent stopping ability. Exp. Brain 
Res. 234, 3107–3118. doi: 10.1007/s00221-016-4709-2

Pawliczek, C. M., Derntl, B., Kellermann, T., Kohn, N., Gur, R. C., and Habel, U. 
(2013). Inhibitory control and trait aggression: neural and behavioral insights using the 
emotional stop signal task. NeuroImage 79, 264–274. doi: 
10.1016/j.neuroimage.2013.04.104

Pessoa, L., Padmala, S., Kenzer, A., and Bauer, A. (2012). Interactions between 
cognition and emotion during response inhibition. Emotion 12, 192–197. doi: 
10.1037/a0024109

Raud, L., Westerhausen, R., Dooley, N., and Huster, R. J. (2020). Differences in unity: 
the go/no-go and stop signal tasks rely on different mechanisms. NeuroImage 
210:116582. doi: 10.1016/j.neuroimage.2020.116582

Rebetez, M. M. L., Rochat, L., Billieux, J., Gay, P., and Van Der Linden, M. (2015). Do 
emotional stimuli interfere with two distinct components of inhibition? Cognit. Emot. 
29, 559–567. doi: 10.1080/02699931.2014.922054

Reed, A. E., and Carstensen, L. L. (2012). The theory behind the age-related positivity 
effect. Front. Psychol. 3:339. doi: 10.3389/fpsyg.2012.00339

Reed, A. E., Chan, L., and Mikels, J. A. (2014). Meta-analysis of the age-related 
positivity effect: age differences in preferences for positive over negative information. 
Psychol. Aging 29, 1–15. doi: 10.1037/a0035194

Roxburgh, A. D., White, D. J., and Cornwell, B. R. (2022). Anxious arousal alters 
prefrontal cortical control of stopping. Eur. J. Neurosci. 55, 2529–2541. doi: 
10.1111/ejn.14976

Sagaspe, P., Schwartz, S., and Vuilleumier, P. (2011). Fear and stop: a role for the 
amygdala in motor inhibition by emotional signals. NeuroImage 55, 1825–1835. doi: 
10.1016/j.neuroimage.2011.01.027

Scherer, K. R., and Moors, A. (2019). The emotion process: event appraisal and 
component differentiation. Annu. Rev. Psychol. 70, 719–745. doi: 
10.1146/annurev-psych-122216-011854

Schmidt, R., and Berke, J. D. (2017). A pause-then-cancel model of stopping: evidence 
from basal ganglia neurophysiology. Philos. Trans. Royal Soc. B 372:20160202. doi: 
10.1098/rstb.2016.0202

Schmidt, R., Leventhal, D. K., Mallet, N., Chen, F., and Berke, J. D. (2013). Canceling 
actions involves a race between basal ganglia pathways. Nat. Neurosci. 16, 1118–1124. 
doi: 10.1038/nn.3456

Schupp, H. T., Flaisch, T., Stockburger, J., and Junghöfer, M. (2006). “Emotion and 
attention: event-related brain potental studies” in Progress in brain research. eds. E. 
Anders, K. Junghofer and W. Wildgruber, vol. 156 (Amsterdam: Elsevier), 31–51.

https://doi.org/10.3389/fpsyg.2025.1568492
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.neubiorev.2021.07.019
https://doi.org/10.3389/fnbeh.2020.00119
https://doi.org/10.1093/cercor/bhj086
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.3758/BRM.42.1.226
https://doi.org/10.1196/annals.1379.010
https://doi.org/10.3758/s13414-020-02186-w
https://doi.org/10.1038/s41583-021-00485-1
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1177/09637214221095852
https://doi.org/10.4236/jbbs.2011.13020
https://doi.org/10.1098/rstb.2009.0165
https://doi.org/10.3389/fnhum.2013.00078
https://doi.org/10.1037/pag0000466
https://doi.org/10.1176/ajp.140.6.734
https://doi.org/10.1097/01.MLR.0000093487.78664.3C
https://doi.org/10.3389/fpsyg.2011.00278
https://doi.org/10.3758/s13428-016-0715-3
https://doi.org/10.1037/a0016802
https://doi.org/10.1371/journal.pone.0186774
https://doi.org/10.1037/0033-295X.91.3.295
https://doi.org/10.3389/fnhum.2022.868549
https://doi.org/10.1037/emo0001058
https://doi.org/10.1111/1467-9280.01455
https://doi.org/10.1101/lm.040501.115
https://doi.org/10.1037/emo0000104
https://doi.org/10.1177/1754073912468165
https://doi.org/10.3390/brainsci9100271
https://doi.org/10.3389/fpsyg.2013.00879
https://doi.org/10.1080/17470218.2011.637114
https://doi.org/10.1038/s41598-022-19116-5
https://doi.org/10.1038/s41598-022-17736-5
https://doi.org/10.1007/s00221-016-4709-2
https://doi.org/10.1016/j.neuroimage.2013.04.104
https://doi.org/10.1037/a0024109
https://doi.org/10.1016/j.neuroimage.2020.116582
https://doi.org/10.1080/02699931.2014.922054
https://doi.org/10.3389/fpsyg.2012.00339
https://doi.org/10.1037/a0035194
https://doi.org/10.1111/ejn.14976
https://doi.org/10.1016/j.neuroimage.2011.01.027
https://doi.org/10.1146/annurev-psych-122216-011854
https://doi.org/10.1098/rstb.2016.0202
https://doi.org/10.1038/nn.3456


Waring and Hartling 10.3389/fpsyg.2025.1568492

Frontiers in Psychology 16 frontiersin.org

Senderecka, M. (2016). Threatening visual stimuli influence response inhibition and 
error monitoring: an event-related potential study. Biol. Psychol. 113, 24–36. doi: 
10.1016/j.biopsycho.2015.11.003

Senderecka, M. (2018). Emotional enhancement of error detection—the role of 
perceptual processing and inhibition monitoring in failed auditory stop trials. Cogn. 
Affect. Behav. Neurosci. 18, 1–20. doi: 10.3758/s13415-017-0546-4

Siemer, M., Mauss, I., and Gross, J. J. (2007). Same situation--different emotions: how 
appraisals shape our emotions. Emotion 7, 592–600. doi: 10.1037/1528-3542.7.3.592

Smittenaar, P., Rutledge, R. B., Zeidman, P., Adams, R. A., Brown, H., Lewis, G., et al. 
(2015). Proactive and reactive response inhibition across the lifespan. PLoS One 
10:e0140383. doi: 10.1371/journal.pone.0140383

Spielberger, C. (1983). Manual for the state-trait anxiety inventory (STAI). 
Washington, DC: Consulting Psychologists Press.

Tsvetanov, K. A., Ye, Z., Hughes, L., Samu, D., Treder, M. S., Wolpe, N., et al. (2018). 
Activity and connectivity differences underlying inhibitory control across the adult life 
span. J. Neurosci. 38, 7887–7900. doi: 10.1523/JNEUROSCI.2919-17.2018

Verbruggen, F., Aron, A. R., Band, G. P., Beste, C., Bissett, P. G., Brockett, A. T., et al. 
(2019). A consensus guide to capturing the ability to inhibit actions and impulsive 
behaviors in the stop-signal task. eLife 8:e46323. doi: 10.7554/elife.46323

Verbruggen, F., Chambers, C. D., and Logan, G. D. (2013). Fictitious inhibitory 
differences: how skewness and slowing distort the estimation of stopping latencies. 
Psychol. Sci. 24, 352–362. doi: 10.1177/0956797612457390

Verbruggen, F., and De Houwer, J. (2007). Do emotional stimuli interfere with 
response inhibition? Evidence from the stop signal paradigm. Cognit. Emot. 21, 391–403. 
doi: 10.1080/02699930600625081

Verbruggen, F., and Logan, G. D. (2008). Automatic and controlled response 
inhibition: associative learning in the go/no-go and stop-signal paradigms. J. Exp. 
Psychol. Gen. 137, 649–672. doi: 10.1037/a0013170

Verbruggen, F., and Logan, G. D. (2009). Models of response inhibition in the stop-
signal and stop-change paradigms. Neurosci. Biobehav. Rev. 33, 647–661. doi: 
10.1016/j.neubiorev.2008.08.014

Wang, J., Li, C., Yu, X., Zhao, Y., Shan, E., Xing, Y., et al. (2024). Effect of 
emotional stimulus on response inhibition in people with mild cognitive 
impairment: an event-related potential study. Front. Neurosci. 18:1357435. doi: 
10.3389/fnins.2024.1357435

Waring, J. D., Greif, T. R., and Lenze, E. J. (2019). Emotional response inhibition 
is greater in older than younger adults. Front. Psychol. 10:961. doi: 
10.3389/fpsyg.2019.00961

Wessel, J. R. (2018). Surprise: a more realistic framework for studying action stopping? 
Trends Cogn. Sci. 22, 741–744. doi: 10.1016/j.tics.2018.06.005

Wessel, J. R. (2025). “Action stopping” in Encyclopedia of the human brain. ed. J. H. 
Grafman. 2nd ed (Amsterdam: Elsevier), 184–205.

Wessel, J. R., and Anderson, M. C. (2024). Neural mechanisms of domain-general 
inhibitory control. Trends Cogn. Sci. 28, 124–143. doi: 10.1016/j.tics.2023.09.008

Wessel, J. R., and Aron, A. R. (2014). Inhibitory motor control based on complex 
stopping goals relies on the same brain network as simple stopping. NeuroImage 103, 
225–234. doi: 10.1016/j.neuroimage.2014.09.048

Willenbockel, V., Sadr, J., Fiset, D., Horne, G. O., Gosselin, F., and Tanaka, J. W. (2010). 
Controlling low-level image properties: the SHINE toolbox. Behav. Res. Methods 42, 
671–684. doi: 10.3758/BRM.42.3.671

Williams, S. E., Lenze, E. J., and Waring, J. D. (2020). Positive information facilitates 
response inhibition in older adults only when emotion is task-relevant. Cognit. Emot. 
34, 1632–1645. doi: 10.1080/02699931.2020.1793303

Williams, B. R., Ponesse, J. S., Schachar, R. J., Logan, G. D., and Tannock, R. (1999). 
Development of inhibitory control across the life span. Dev. Psychol. 35, 205–213. doi: 
10.1037/0012-1649.35.1.205

https://doi.org/10.3389/fpsyg.2025.1568492
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.biopsycho.2015.11.003
https://doi.org/10.3758/s13415-017-0546-4
https://doi.org/10.1037/1528-3542.7.3.592
https://doi.org/10.1371/journal.pone.0140383
https://doi.org/10.1523/JNEUROSCI.2919-17.2018
https://doi.org/10.7554/elife.46323
https://doi.org/10.1177/0956797612457390
https://doi.org/10.1080/02699930600625081
https://doi.org/10.1037/a0013170
https://doi.org/10.1016/j.neubiorev.2008.08.014
https://doi.org/10.3389/fnins.2024.1357435
https://doi.org/10.3389/fpsyg.2019.00961
https://doi.org/10.1016/j.tics.2018.06.005
https://doi.org/10.1016/j.tics.2023.09.008
https://doi.org/10.1016/j.neuroimage.2014.09.048
https://doi.org/10.3758/BRM.42.3.671
https://doi.org/10.1080/02699931.2020.1793303
https://doi.org/10.1037/0012-1649.35.1.205

	Effects of aging and valence on emotional response inhibition: conclusions from a novel stop-signal task
	1 Introduction
	1.1 Effects of emotion on reactive response inhibition
	1.2 Aging and response inhibition
	1.3 Present study

	2 Materials and methods
	2.1 Participants and enrollment
	2.2 Measures
	2.3 Emotional stop-signal task
	2.3.1 Stimuli
	2.3.2 Stop-signal task design
	2.4 Study procedures
	2.4.1 Stop-signal task
	2.4.2 Post-task feedback survey
	2.4.3 Task stimuli ratings
	2.5 Analysis approach
	2.5.1 Computing stop-signal reaction time (SSRT)
	2.5.2 Statistical analysis plan
	2.5.3 Power analysis

	3 Results
	4 Discussion
	4.1 Implementing inhibition for emotional information
	4.2 Aging and emotion processing
	4.3 Comparing stop and go processes
	4.3.1 Insights into aging and emotion processing
	4.3.2 Basic insights into response inhibition
	4.4 Strengths and limitations of the study

	5 Conclusion
	Author’s note

	References

