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Playing with temptation: Stopping abilities to chocolate are superior, but 
also more extensive 
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A B S T R A C T   

Cue-specific inhibitory control is assumed to support balanced food intake, but previous studies with established 
measures showed inconsistent results. We developed a novel kinematic stop task in virtual reality (VR) and 
report results from trajectory recordings. The primary objective of this explorative study was to assess the in-
terrelationships between validated measures of food-related inhibitory control and novel measures from the VR 
task. We hypothesized that healthy female participants show worse inhibitory control when grasping attractive 
virtual chocolate, compared to non-edible color-and-shape matched objects. We further aimed to quantify the 
construct validity of kinematic measures (e.g., reaching extent/spatial displacement, movement time after stop- 
signal, velocity) with established measures of inhibitory control in a keyboard-based adaptive stop-signal task 
(SST). In total, 79 females with varying levels of chocolate craving participated in an experimental study con-
sisting of self-report questionnaires, subjective chocolate craving, the conventional SST and the kinematic task in 
VR. Results showed superior stopping ability to chocolate in both tasks. In VR, participants successfully inter-
rupted an initiated approach trajectory but terminated slightly closer to chocolate targets. Stop-signal delay 
(SSD) was adapted relative to movement onset and appeared later in chocolate trials, during which participants 
still stopped faster, as was also confirmed by shorter stop-signal reaction time (SSRT) in the conventional task. 
Yet, SSRT did not correlate with stopping in VR. Moreover, SSRT was related to depressive symptoms whereas 
measures from VR were related to chocolate craving and subjective hunger. Thus, VR stopping can provide 
deeper insights into healthy weight individuals’ capacity to inhibit cue-specific approach behavior towards 
appetitive stimuli in simulated interactions. Furthermore, the results support a multi-faceted view of food- 
specific inhibitory control and behavioral impulsivity.   

1. Introduction 

Beyond homeostatic regulation, cognitive control processes are an 
essential part of food intake regulation, given the abundance of food 
(cues) and the easy availability of calorie-dense foods (Chen et al., 
2016). Specifically, food-related inhibitory control may assist regulated 
food consumption and avoid excessive snacking. When exposed to 
attractive and palatable food, inhibitory control is required to resist its 
edible affordances especially given a generally enhanced approach 
motivation to food (Kahveci et al., 2020; Moore et al., 2022). As such, 
weakened inhibitory control may contribute to overeating. Indeed, 
deficits in food-related inhibitory control were shown in individuals 
with obesity (Lavagnino et al., 2016; Liu et al., 2022; Weller et al., 2008; 
Yang et al., 2018) and overweight (Guerrieri et al., 2008; Houben et al., 

2014; Svaldi et al., 2015), in individuals with food addiction symptoms 
(Rodrigue et al., 2018), in children with loss of control eating or 
increased body weight (Levitan et al., 2015; Nederkoorn et al., 2006) 
and in restrained eaters at risk for disinhibition and weight gain (Bar-
tholdy et al., 2016; Nederkoorn et al., 2004; Schroeder et al., 2022). 

Among inhibitory control processes, reactive response inhibition - 
the ability to withhold a prepotent but unwanted response - seems 
particularly relevant to substance-related psychopathology in general 
(Lipszyc & Schachar, 2010; Smith et al., 2014), and food- and 
eating-related psychopathology specifically (Bartholdy et al., 2016). To 
assess response inhibition, two state-of-the-art neuropsychological, 
computerized paradigms are available: the go-/no-go task and the 
stop-signal task (SST). In the go-/no-go task, participants classify stim-
uli, e.g., by pressing a left-hand or right-hand key. In a minority of 
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stop-trials, however, the stimulus is presented along with an additional 
stop-signal and the response must be withheld. In contrast, in the SST, 
the stop-signal is not presented at stimulus onset, but only with a short 
lag after stimulus presentation, the so-called stop-signal delay (SSD; 
Logan et al., 1984; Verbruggen et al., 2019). Accordingly, the key dif-
ference between the two paradigms is whether participants interrupt the 
response before initiation (go-/no-go), or whether they interrupt an 
already initiated response (SST). Results from continuous electromy-
ography and neuroimaging support the view that stopping in the SST is 
achieved by fast integration in fronto-basal and sensorimotor systems 
(Raud et al., 2020; Rubia et al., 2001), thus leading to the interruption of 
the ongoing response in motor execution. 

It is debatable whether deficits in response inhibition are specific to 
responses to food stimuli, or whether they reflect a general deficit in 
inhibition-control abilities. Previous studies on stopping abilities to 
highly appetitive stimuli were ambiguous. When a block manipulation 
of the SST was performed, overweight participants were particularly 
impaired in their inhibition to food stimuli (Houben et al., 2014). 
However, in a trial-wise manipulation of food vs. control stimuli, several 
studies could not reproduce this food-specific deficit in the stop-signal 
reaction time (SSRT), the SST’s indirect measure of response inhibi-
tion latency (Manasse et al., 2016; Schroeder et al., 2021, 2022). Still, in 
a meta-analysis, pictures of appetitive cues more generally (i.e., food 
and alcohol) confirmed reduced inhibitory control with a small effect 
size, but food-related cues also led to more variable results (Jones et al., 
2018). Possibly, inhibitory control could be generally impaired 
following the exposure to appetitive cues, a pattern masked by different 
block- and trial-wise task designs. Alternatively, due to the fact that 
stopping performance in the SST is inferred indirectly from repetitive 
adjustments of the SSD (Verbruggen et al., 2019), this outcome measure 
may not be sensitive to trial-wise cue presentations and fine-grained 
influences of attractive stimuli on stopping. 

We attempt to address this potential shortcoming of the computer-
ized SST in a virtual reality (VR) setup with extensive hand movement 
and continuous recording of stop trajectories. VR setups offer motion 
capture recordings with excellent precision and latency in relatively 
small areas at limited expense, at least in seated VR setups without free 
(full-body) movement (Niehorster et al., 2017). In SST experiments, this 
capacity enables a quantification of stopping directly in individual 
stop-trials. Namely, immediately following a stop-signal we can measure 
changes in behavior that are not directly observed by conventional pa-
rameters in computerized tasks. Previous research with food-stimuli and 
motion capture in VR has shown the potential of such setups to measure 
food-related behavioral biases (Schroeder et al., 2016). In the present 
study, we enabled a direct assessment of stopping through continuous 
motion capture; participants were asked to perform a grasping move-
ment with a motion controller covering ~50 cm of mid-air movement 
towards a virtual food object, and to subsequently collect the virtual 
food according to a stimulus-irrelevant cue (an arrow pointing to one of 
two virtual plates). An eye-tracker integrated in the VR headset 
controlled initial gaze towards stimuli and measured dwell durations. In 
addition to this go-task, in a subset of trials and after movement onset, 
participants had to interrupt their movement. A dynamic starting pro-
cedure (Scherbaum & Kieslich, 2018) ensured that movements were 
always initiated before the stop-signal was shown. Through continuous 
spatial recordings of the hand controller, movement trajectories were 
used to quantify the timing, extent, and success of stopping directly. A 
similar rationale has previously been employed for the assessment of 
symptoms in attention deficit hyperactivity disorder (ADHD) with 
mouse-tracking, which returned a number of kinematic parameters with 
better prediction of impulsivity (Leontyev & Yamauchi, 2019). Here, we 
argue that the VR stop task may be better suited to incorporate motor 
approach to food (Loijen et al., 2020), because we hypothesize that 
approach movement is particularly relevant in the context of appetite 
and food behavior control. Moreover, three-dimensional displays of VR 
food cues generally (Ferrer-Garcia et al., 2015; Ledoux et al., 2013) and 

of chocolate specifically (van der Waal et al., 2021) can elicit subjective 
food and chocolate cravings in non-clinical samples, especially when 
using high-fidelity virtual models generated from photogrammetry (i.e., 
three-dimensional photorealistic scans). 

The present validation study assessed food-specific response inhibi-
tion with a conventional, computerized SST and a kinematic SST in VR. 
Both tasks were adaptive and had food-specific adjustments of the SSDs. 
We also recorded measures related to (eating-related) psychopathology 
to explore different associations of conventional and novel parameters of 
response inhibition. In previous research, food-related inhibitory control 
deficits were predictive of subsequent food craving (Meule et al., 2014). 
Accordingly, for this very first validation study of our VR task we 
selected chocolate cues, as they represent the most craved food in 
Western societies (Hill & Heaton-Brown, 1994). Moreover, we tested a 
sufficiently large sample of healthy-weight women with varying levels 
of chocolate craving to detect moderate associations of kinematic pa-
rameters with the conventional measure of response inhibition in the 
conventional, keypress-based SST. We also expected worse response 
inhibition and longer initial fixations in chocolate trials relative to 
non-food control stimuli (Werthmann et al., 2013), possibly dependent 
on individual differences in trait impulsivity or chocolate craving. 

In all, with this study, we aimed to (i) validate a VR-mediated ki-
nematic SST, by investigating correlations between conventional pa-
rameters of inhibitory control (i.e., SSRT) and novel parameters from the 
kinematic VR, (ii) investigate and characterize chocolate-specific 
inhibitory control processes and (iii) explore their relationship to 
inhibition-related parameters (e.g., impulsivity) and to measures per-
taining to (eating-related) psychopathology (e.g., chocolate craving, 
eating restraint, emotional eating, depressive symptoms). 

2. Methods 

The study was a within-subject design with repeated assessment of 
chocolate-vs. non-chocolate-related inhibitory control in a conven-
tional, computerized SST and a novel, VR-mediated kinematic SST. All 
participants were tested in the afternoon in a fixed task order with in-
termediate assessments of subjective chocolate craving. Participants 
provided informed consent before experimentation. The study was 
approved by the local Ethical Committee for Psychological Research 
(Number of approval: Az: Schröder_2019_0919_166). This study was not 
preregistered. 

2.1. Participants 

Female right-handed healthy volunteers were invited to the study 
(age range: 18–35 years). Obesity was defined as exclusion criterion (i. 
e., BMI of 30 kg/m2 or more). Further requirements were normal or 
corrected vision (preferably with contact lenses or sports glasses), 
absence of severe health or mental disorder (including absence of sei-
zures, diabetes, and absence of a current eating disorder diagnosis), and 
pregnancy or lactation to avoid substantially altered food cravings. 
Sample size was determined according to the primary objective of this 
study. To detect positive correlations between conventional parameters 
of inhibitory control (i.e., SSRT) and novel parameters from the VR ki-
nematic task (e.g., approach displacement, time to stop) with a mod-
erate effect size (r = 0.3 (Cohen, 1988)), acceptable statistical power (1 – 
β = 0.8) and usual alpha error probability (α = 0.05), a sample size of N 
= 67 participants was required per an a-priori power analysis. Unfor-
tunately, a wrong version of the conventional SST was started for six 
participants with the same stimuli and general design, but an incorrect 
SSD adjustment. As such, no valid data was available for this task. 
Furthermore, VR assessments or recordings failed for another six par-
ticipants and experiments were aborted (mostly due to issues with the 
eye-tracker). Accordingly, to replace these dropouts, a total of 79 par-
ticipants were recruited to meet the sample size estimate. Demographic 
information is reported in Table 1. 
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Participants were recruited through circular e-mails within the 
University of Tübingen. All participants were reimbursed for their 
participation with a small financial compensation or a corresponding 
amount of course credit. 

2.2. Procedure 

Participants were instructed not to eat any chocolate-containing food 
the day before and the day of the experiment, and not to consume any 
food other than water in the 3 h prior to the experiment. Most of them 
reported to have complied with this instruction (see Table 1). After 
signing the informed consent, participants filled out state-questionnaires 
(last meal, last chocolate meal, craving, mood) and trait-questionnaires 
(EDEQ, PHQ-9; see below). They were instructed and tested on the 
conventional SST (ca. 20 min) and filled out another set of state- 
questionnaires (craving, mood, simulator sickness). Next, the VR 
equipment was set up and the VR SST was completed after a brief guided 
practice. A final set of state-questionnaires was collected (craving, 
mood, simulator sickness, presence).1 

To consider variability in chocolate craving which usually peaks 
between lunch and bedtime (Haynes et al., 2016; Reichenberger et al., 
2018), all experiments were conducted between 1 p.m. and 6:30 p.m. 

2.3. Stimuli 

Stimuli for the conventional SST were pictures of chocolate- 
containing food (i.e., Chocolate Muffin, Brownie, Milka® Chocolate, 
Ritter Sport® Chocolate, and Twix®) and non-chocolate stimuli with 
comparable shape and color (computer mouse, chess figure, book, box, 
rubber eraser). The stimuli were color-matched for the two conditions 
(chocolate vs. neutral). The same stimuli were used as 3D models for the 
SST in VR. Photorealistic textures were generated from photogram-
metric scans with a Nikon digital single-lens reflex camera, processed in 
Meshroom2 and optimized with Meshlab3 open source software (Cignoni 
et al., 2008; Griwodz et al., 2021). In a few cases, pre-existing scans were 
adjusted for size- and color from an open asset library.4 All stimuli were 
rated in 3D after the experiment. Examples are shown in Fig. 1. 

2.4. Response inhibition tasks 

2.4.1. Conventional SST 
The conventional SST was implemented by using Psychopy3 Soft-

ware (Peirce et al., 2019), and close to previous food-specific SSTs 
(Schroeder et al., 2022; Svaldi et al., 2014). Stimuli were presented 
either on the left or right side of the screen in a box on grey background 
(Fig. 2). The task was to react as fast as possible to the side on which the 
stimulus appeared by pressing one of two keys. Answer keys were the 
left and right arrow keys. Participants were instructed to use the index 
and ring finger of their right hand to press the answer key. Each stimulus 
was presented until a key press occurred or 2000 ms passed. A black 
fixation dot appeared 250 ms before the stimulus in the middle of the 
screen and stayed there for the whole trial. In one fourth of the trials, a 
stop signal was presented in form of a blue box around the stimulus. 
When this stop-signal appeared, participants were instructed not to press 
the response keys. When the wrong key was pressed or a key press 
occurred despite a stop signal, error feedback was given (German 
“Fehler”/“error” for 500 ms). Error feedback (German “Zu lang-
sam”/“too slow” for 500 ms) was also given for omitted responses in 
go-trials. 

The SSD was adaptive to the previous stop signal as suggested by 
Verbruggen et al. (2019). If participants reacted correctly to the stop 
signal (i.e., successful stopping), the SSD was increased by 50 ms; if the 
reaction was incorrect, the SSD was decreased by 50 ms. This adaptive 
tracking versions of the SST will result in a broader range of SSDs and a 
more reliable SSRT estimate with fewer trials (Band et al., 2003; Ver-
bruggen et al., 2019). The first SSD was 200 ms for all participants. The 
SSD was separately calculated and tracked for chocolate and neutral 
stimuli. Previous studies reported acceptable reliability (ICC = 0.71) and 
test-retest reliability (ICC = 0.72) for adaptive versions of the SST, at 
least for specific estimation methods with replacement of go omissions 
and with outlier exclusion. However, other studies have reported worse 
reliabilities of the SSRT especially if no outlier exclusion was incorpo-
rated (Congdon et al., 2012; Soreni et al., 2009; Verbruggen et al., 2019; 
Wöstmann et al., 2013). 

The conventional SST consisted of two practice blocks with 5 and 20 
trials and five experimental blocks with a total of 400 trials. In the 
practice trials, participants could repeat the task until all instructions 
were understood. In the practice blocks, an alternative set of pictures 
(food and musical instruments) were used as stimuli. In the experimental 
blocks, pictures of chocolate and non-chocolate stimuli were used (i.e., 
two-dimensional pictures of the VR stimuli). The proportion of stop 
trials was 25% and stop-trials were counterbalanced for responses and 
stimulus category. After each block, participants had the possibility to 
take a self-paced break and were informed about their mean reaction 
time and proportion of correct trials in the previous block. Participants 
were explicitly reminded not to wait for the stop-signal. Stimuli were 
presented in a randomized balanced order for each participant indi-
vidually. The task took approximately 20 min. 

2.4.2. Kinematic SST in VR 
For the VR task, participants were equipped with a HTC-Vive head- 

mounted display (HTC Corporation, Taoyuan, Taiwan) with a built-in 
near infrared eyetracking plug-in by SMI (SensoMotoric Instruments, 
Teltow, Germany) and a single 6-degrees-of-freedom HTC Vive Wand 
controller for the tracking of their right hand. We implemented the 
Wand controller as a white right hand in the virtual environment and the 
position and movement of the controller continuously updated at refresh 
rate (120 Hz). With the grip button on the Wand controller participants 
were able to grab the virtual objects with their right index and middle 
finger. The eye-tracker was used to trigger stimulus presentation upon a 
central fixation (if the hand was also in the starting position) and to 
record initial and total dwell times. Participants were seated in a chair 
with enough space to freely move their arms and hands. Two opposing 
lighthouse boxes were firmly installed in the room to capture the 

Table 1 
Study sample demographics. Reported are mean (standard deviation) and range of 
values in the present data. N = 67.   

M (SD) Range 

Age [years] 22.8 (3.51) 18–34 
BMI [kg/m2] 21.7 (2.24) 18.3–29.3 
Fasting [hours] 4.24 (2.02) 1–18 
Chocolate abstinence [days] 2.71 (2.27) 0–16 
Depressive symptoms [PHQ-9] 4.88 (2.60) 1–13 
Eating disorder symptoms [EDEQ] 0.99 (0.94) 0–4.43 
Trait chocolate craving [FCQ-T-r-Ch] 36.4 (12.8) 16–69 
State chocolate craving [VAS pre] 40.2 (25.0) 0–84 
Trait impulsivity [BIS-15] 35.2 (3.76) 27–44 

Table Note. PHQ-9 = Patient Health Questionnaire-9, EDE-Q = Eating Disorder 
Examination Questionnaire, FCQ-T-r-Ch = Food Craving Questionnaire Trait revised 
Chocolate Version, VAS = Visual Analog Scales, BIS-15 = Barrat Impulsiveness 
Scales-15. Cut-offs scores: BMI. BMI<18.5 kg/m2: underweight, 18.5-24.9 kg/m: 
normal weight, 25-29.9 kg/m2: overweight, BMI>29.9 kg/m2: obese (World Health 
Organization);. PHQ-9. <5: healthy, 5–9: mild, 10–14: moderate, 15–19: moderate 
severe, and ≥ 20: severe (Gräfe et al., 2004). EDEQ.: global score ≥ 2.3: possible 
eating disorders (Mond et al., 2004); FCQ-T-r-Ch, VAS, BIS-15. No cut-offs. 

1 https://gateway.euro.who.int/en/indicators/mn_survey_19-cut-off-for-bm 
i-according-to-who-standards/.  

2 https://github.com/alicevision/meshroom.  
3 https://www.meshlab.net/.  
4 https://sketchfab.com/. 
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movement data in accordance with the manufacturer’s recommenda-
tions. The experiment was implemented using Unity3D 2018.4.17f1, the 
SteamVR 1.2 library, and custom C# code. 

The VR SST followed a similar structure as the conventional SST, 
albeit in a more complex motor go-task and a more naturalistic context. 
The virtual environment was shown from a first-person perspective. It 
showed a furnished living room including a couch, a cupboard, a win-
dow with view of the local mountain. Directly in front of participants 
there was a table with the task environment, i.e., two plates and one 
central tray (Fig. 3, see also Supplementary Fig. 1). The plates were 
located to the right and left of the participant and the tray floated in 
front of the participant. A green start button was placed 60 cm in front of 
the tray. The start button was implemented as a dynamic starting line, as 
recommended by Scherbaum et al. (2018). Stimuli appeared only when 
the hand was in the starting position and when the eye-tracker 
confirmed a central fixation (cf. Schroeder et al., 2016). A red ball 
was used as a fixation point at the stimulus position over the tray. 
Furthermore, the stop-signal appeared only after an initial movement of 
the hand had been detected (i.e., the SSD started at movement initiation, 
and not at stimulus presentation). Continuous recording of the hand 
position started when participants pressed the start button. 

Participants started each trial by moving the virtual hand into the 
green start-button and focusing on the red fixation ball above the tray. 
Then, a stimulus appeared on the tray while an arrow on the table 
indicated the reaction side (see Fig. 3). Participants had to reach for the 
stimulus and place it onto the correct plate. Participants were instructed 
to reach for the stimulus in one motion without stopping or hesitating. In 
one fourth of the trials a stop signal was shown (the tray turned blue and 
the arrow was crossed out), and participants had to stop their move-
ment, i.e. not reach further for the stimulus. Error feedback was given 
after incorrect trials (German “Fehler”/“error”, or German “Zu lang-
sam”/“too slow” for responses exceeding 2,000 ms, displayed at the 
position of the arrow on the table until the next trial was manually 
started by the participant). The SSD was adjusted after each stop-trial in 
steps of 50 ms for each category separately, identical to the conventional 
SST. To accommodate for an overall later presentation of the SSD due to 
the additional contingency of the dynamic starting line, we selected a 
lower initial SSD at 100 ms for the beginning of the practice-trials and 
for task initiation. 

Participants first performed two practice blocks, one with and one 
without the stop-signal. Each practice block comprised ten trials. In the 
stop signal practice trials, the proportion of stop signals was higher than 

Fig. 1. Examples of control non-edible (left column) and chocolate stimuli (right column).  

Fig. 2. Exemplary trials of the Stop-Signal-Task (SST). The upper panel shows a go-trial, the lower panel shows a stop-trial, including the stop signal (blue frame 
around the stimulus). SSD = Stop-signal delay. 
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in the experiment, and the stop signal was shown at least every third 
trial. This ensured a minimum of 3/10 practice trials with a stop signal, 
which allowed the experimenter to highlight that both successful and 
unsuccessful stops are desired in the task. The subsequent experiment 
comprised 400 trials, each object was presented equally frequently and 
in 25% of the trials the stop signal was shown. For each participant, the 
order of the stimuli was randomized. The VR task took about 40–50 min. 

2.5. Stimulus ratings 

All stimuli were rated on valence, arousal, and palatability on a vi-
sual analog scale (VAS) in VR after the task (recorded from 0.00 (not at 
all) - 1.00 (a lot) by float variables in Unity3D). Participants used the 
hand controller to move a rating bar that was presented in parallel to the 
rotating stimulus. They answered three questions on craving and 
palatability (Cronbach’s α = 0.91) and one question on each valence and 
arousal. Ratings from one participant were accidentally missed. 

2.6. State questionnaires 

2.6.1. State chocolate craving 
Before the experiment, after the SST and after VR, we assessed state 

chocolate craving on 1-item VAS that asked for participants’ momentary 
urge for food in general, for salty food, for sweets, and for chocolate. 
VAS were anchored from 0 (not strong at all) to 1 (very strong). 

2.6.2. State experience 
Before the experiment, after the SST and after VR, we assessed 

experiential states on 1-item VAS that asked for participants’ momen-
tary sleepiness and concentration. VAS were anchored from 0 (not at all) 
to 1 (extremely). 

2.6.3. Presence 
The Igroup Presence Questionnaire (IPQ) is a 14-item measure of 

spatial presence, involvement, realness, and sense of being in a place 
(Schubert et al., 2001). This is a standard outcome of VR and assesses the 
subjective experience of “being there” in a virtual environment. Internal 
consistency of the subscales was acceptable in this sample (Cronbach’s α 
> 0.73). 

2.6.4. Simulator sickness 
The Simulator Sickness Questionnaire (SSQ) assesses possible 

symptoms from VR such as disorientation, nausea, vertigo or dizziness 
by 20 items (Kennedy et al., 1993). We used the SSQ twice in this study 
(pre- and post-VR) to be able to assess changes in pre-existing symptoms. 
Internal consistency in this sample was acceptable (Cronbach’s α = 0.63 
[pre-VR] and α = 0.83 [post-VR]). 

2.7. Trait questionnaires 

2.7.1. Trait chocolate craving 
The Chocolate version of the Food Cravings Questionnaire (revised; 

trait version) was administered (Meule & Hormes, 2015) to assess trait 
chocolate craving in the sample. This version included 15 items of 
chocolate craving with a two-factor structure to differentiate hunger for 
chocolate and craving. Internal consistency in this sample was excellent 
for the total score (Cronbach’s α = 0.94) and good-to-excellent for the 
subscales (α = 0.79 [hunger] and α = 0.92 [craving]). 

2.7.2. EDEQ 
The Eating-Disorder Examination Questionnaire (EDEQ) is a 28-item 

self-report measure of eating disorder symptoms (Hilbert et al., 2007). 
The EDEQ has excellent psychometric properties, normative data for 
populations are available (Quick & Byrd-Bredbenner, 2013). Internal 
consistency of the total EDEQ score in this sample was excellent 
(Cronbach’s α = 0.92). 

2.7.3. PHQ-9 
We used the 9-item depression module of the Patient-Health- 

Questionnaire (PHQ-9) (Gräfe et al., 2004) to screen for depressive 
symptomatology with a good subthreshold sensitivity. The brief PHQ-9 
has shown good psychometric properties and sensitivity in healthy 
student populations (Zhou et al., 2020). Internal consistency in this 
sample was weak (Cronbach’s α = 0.66). 

2.7.4. Handedness 
We assessed right-handedness with the Oldfield’s handedness ques-

tionnaire (Oldfield, 1971). The questionnaire consists of 10 items on 
hand preferences and is used to compute a laterality index ranging from 
− 100 (exclusively left-handed) to +100 (exclusively right-handed). In-
ternal consistency in this sample was acceptable (Cronbach’s α = 0.74). 

2.7.5. Impulsivity 
The Barratt Impulsiveness Scale (BIS-15) is a validated 15-item short- 

Fig. 3. Exemplary Stop-Signal Task (SST) trial in virtual reality (VR). The left panel shows the start position with a green start button and a red fixation point. The 
upper panel illustrates a go-trial, the lower panel illustrates stop-trial. SSD = Stop-signal delay. 
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version of trait impulsivity (Meule et al., 2011). Questionnaire items 
assess impulsiveness in several everyday situations (e.g., “I act sponta-
neously”, “I plan for the future [inverted]”). Internal consistency of the 
global score was acceptable in this sample (Cronbach’s α = 0.79). 

2.7.6. Other questionnaires 
For reasons unrelated to the study’s hypotheses, we also collected 

responses on the 27-item intolerance of uncertainty scale (Freeston 
et al., 1994; Gerlach et al., 2008), the 20-item Positive And Negative 
Affective Schedule (Watson et al., 1988), an 11-item adapted version of 
the Game Preferences Questionnaire (Manero et al., 2016), the 14-item 
questionnaire for intuitive use (Hurtienne & Naumann, 2010) and a 
10-item self-control questionnaire. In the supplementary materials, we 
also report exploratory results from the 30-item Dutch Eating Behavior 
Questionnaire (DEBQ) (van Strien et al., 1986), from the 21-item 
Power-of-Food Scale (PFS) (Lowe et al., 2009), the 10-item Restraint 
Scale (Dinkel et al., 2005). Height and weight were self-reported in this 
study to calculate a BMI [weight in kg/(height in cm)2]. All question-
naires were provided in German language. 

2.8. Data processing 

2.8.1. SSRT 
We used the integration algorithm with replacement of response 

omissions to compute the SSRT from the conventional SST because this 
method showed the highest reliability (Verbruggen et al., 2019). Ac-
cording to the recommendations, SSRT was only estimated for partici-
pants with a response probability in stop trials between 25 and 75% p 
(response|stop), which led to exclusion of three participants for all an-
alyses comprising the SSRT (construct validity and stimulus effects). 
Furthermore, we checked if RTs on failed stop-trials were longer than 
RTs on go-trials, which is considered a second criterion for the validity of 
the horse race model underlying the SSRT estimation. 

The SSRT is an indirect estimate of the time required to stop a 
response. The formula for its computation is: 

SSRT =RTn − M(SSD)

with n = p(response|stop) * number of trials, and RT = distribution of all 
RTs in the relevant go trials, and M(SSD) as the mean SSD across all 
relevant stop-trials. 

The SSD was separately adjusted for pictures of chocolate and control 
pictures, accordingly two SSRT estimates were available for each 
participant. 

2.8.2. Kinematic parameters 
Continuous hand recordings were retrieved at 120 Hz. For pre-

processing, we used the mousetrap()-package for visualization of full 
trajectories (Kieslich & Henninger, 2017) and custom MATLAB script for 
extraction of parameters (see Wirth et al., 2020 for an overview). Trials 
were segmented from stimulus onset to reaching the maximal depth 
displacement to identify parameters in the first movement phase (i.e., 
before grasping or stopping to targets). Trajectories were centered to the 
exact starting position in frame 1 (0/0/0), which removed technical 
between-subject variability that was not related to the stimulus and task 
(SD between 2.3 and 2.9 cm). For statistical analyses, we removed data 
from four participants who never correctly stopped in either of the 
conditions. 

2.8.2.1. Spatial displacement. The most excessive hand position was 
extracted from each trial’s segmented data (start-to-onset). Because the 
x1 - dimension would reflect approach movements in this experiment, 
we hypothesized spatial displacement in the VR environment x1 - axis 
(depth) to reflect successful stopping in stop-trials. As the starting po-
sition was slightly lower than the target position, we also explored 
spatial displacement in the x3 - axis (height). For each participant and 

condition, an outlier filter of 2.5 SDs was applied before computation of 
mean approach (1.16%) and height (1.35%). 

2.8.2.2. Time to stop (TTS). The time to stop a previously initiated 
movement was determined from correct stop trials. In the trajectories, 
the maximal spatial displacement (see above) was first determined. We 
then calculated the time difference between stop-signal onset and the 
time-stamp for this position as the direct stopping latency TTS. For each 
participant and condition, an outlier filter of 2.5 SDs was applied (2.1%) 
before computation of mean TTS. 

2.8.2.3. Movement derivatives (peak acceleration, peak velocity). We 
considered both time-standardized and absolute acceleration and ve-
locity profiles. Details are reported in the supplementary materials. 

2.8.3. Eye-tracking measures 
Eye-movement recordings were resampled online to 120 Hz. A C# 

script in Unity3D detected collisions between gaze and stimulus through 
the internal physics engine. From the recordings, the number and 
duration of initial and total dwell time was available for each trial. An 
outlier filter removed trials exceeding 2.5 SDs from the respective cell 
mean from mean initial dwell duration (1.9%), mean total dwell dura-
tion (1.76%) and number of dwells (3.11%). 

2.9. Statistical analysis 

Statistical analyses were performed in R (R Core Team, 2020) and 
using the packages tidyverse (Wickham et al., 2019), ez (Lawrence, 
2016), apaTables (Stanley, 2021), magrittr (Stefan Milton Bache & 
Hadley Wickham, 2022), and schoRsch (Pfister & Janczyk, 2016). This 
study design included the two repeated-measures factors stimulus 
(chocolate vs. control) and trial-type (go-trial vs. stop-trial). We first 
discriminated stop- and go-trials based on spatial displacement in tra-
jectories. Next, we tested stimulus effects within and across trial-types, 
dependent on the different outcome variables, and investigated the 
construct validity between established and novel measures of inhibitory 
control. Finally, we explored interrelations with individual trait- and 
state-variables related to chocolate and eating. 

3. Results 

3.1. Validity of VR stopping 

Fig. 4 shows approach- and height-coordinates in stop and go-trials 
(left panel) and the time-course of successful stop vs. go-trials (right 
panel, standardized time units). The mean SSD in VR was 70 ms (SD =
63 ms) and stopping accuracy was relatively high, considering the 
adaptive SSD (M = 64.5%, SD = 14.9%). Correct go- and stop-trials 
differed significantly in terms of the maximum spatial displacement in 
stimulus approach, t(68) = 16.34, p < .001, d = 1.97, and in terms of 
maximum movement height, t(68) = − 2.45, p = .017, d = − 0.30. 

3.2. Stimulus ratings 

Mean stimulus ratings are shown in Supplementary Table S2. As 
expected, chocolate objects elicited significantly higher cravings, t(65) 
= 29.25, p < .001, d = 3.60. Moreover, chocolate was liked better, t(65) 
= 9.63, p < .001, d = 1.19, and was rated to be more exciting, t(65) =
11.17, p < .001, d = 1.37. 

3.3. State ratings 

Throughout the experiment, participants reported increases in 
chocolate craving, food craving, and sleepiness. Self-reported concen-
tration decreased. Fig. 5 displays the trajectories of subjective ratings of 
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participants who entered correlational analyses. 

3.4. Effects of stimulus category 

3.4.1. Indirect assessment of stopping in the conventional SST 
For the conventional SST, three participants did not meet criteria for 

the SSRT estimation (see data treatment). Opposed to our hypothesis, 
the mean SSRT was significantly shorter for pictures of chocolate (247 
ms) vs. control pictures (258 ms), t(63) = − 2.17, p = .034, d = − 0.27. 
The results also showed shorter mean RTs and slightly more false alarms 
in chocolate trials (see Table 2). 

Fig. 4. Movement trajectories in stop-vs-go trials of the kinematic stop-signal task (SST). All trajectories were recentered and time-interpolated (standardized) before parameter 
extraction to account for different movement durations. Trajectories in the left panel display the grand mean trajectories on approach by height for 100 time-points, averaged 
across all participants. Trajectories in the right panel display mean approach ± standard error across time (% of movement length). N = 69. 

Fig. 5. State ratings across the experimental procedure. Visual analog scale (VAS) ratings were refactored to 0–100 for readability (0 = not strong at all, 100 = very strong). 
Paired-samples t-tests showed significant state changes following the stop-signal task (SST) and preceding the virtual reality SST. N = 61. NS = not significant, *p < .05, **p < 
.01, ***p < .001. 
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3.4.2. Direct assessment of stopping in the kinematic SST 
For the kinematic SST in VR, data from four participants who never 

correctly stopped had to be rejected, but we also recovered data from six 
participants with global SSD adjustment in the conventional SST. Thus, 
data from 69 participants were available to investigate effects of stim-
ulus category on kinematics and on eye-tracking. 

The time course of spatial displacement in the approach dimension is 
shown in Fig. 6. For the maximum spatial displacement in approach, a 
two-way interaction between stimulus (chocolate vs. control) and trial- 
type (go-trial vs. stop-trial) emerged, F(1, 68) = 11.77, p = .001, ƞp

2 =

0.15 (Fig. 6). For stop-trials, participants moved closer to chocolate (M 
= 51.18 cm, SD = 3.44 cm) than to control objects (M = 50.35 cm, SD =
3.53 cm), t(68) = 3.54, p = .001, d = 0.43. In contrast, for go-trials, no 
difference was observed t(68) = 0.17, p = .868, d = 0.02. As expected, 

the main effect trial-type was significant and spatial displacement 
discriminated well between stop- and go-trials, F(1, 68) = 352.16, p <
.001, ƞp

2 = 0.84. The main effect stimulus was also significant, F(1, 68) =
12.60, p = .001, ƞp

2 = 0.16. 
We also explored several other parameters gathered from VR (see 

Supplementary Table S1). To measure stopping time directly, we 
extracted TTS in stop-trials (time after stop-delay until peak approach 
position) as a potential parameter for inhibitory control. Again, in 
contrast to our hypothesis, we observed shorter TTS for chocolate (M =
356 ms, SD = 50 ms) compared to control objects (M = 366 ms, SD = 48 
ms) and this difference was statistically significant, t(68) = − 2.88, p =
.005, d = − 0.35. 

For movement derivatives (peak velocity, peak acceleration, move-
ment onset), no significant stimulus effects were found in go-trials (see 
Supplementary Table S3 for details). 

Similar to the results from the conventional SST, false alarm rates in 
stop-trials were higher for chocolate objects (M = 37.8%, SD = 12.6%) 
than for control objects (35.4%, SD = 13.9%), t(68) = 3.66, p < .001, d 
= 0.44. Interestingly, the mean SSD was still slightly longer for choco-
late (M = 80 ms, SD = 66 ms) than for control objects (M = 66 ms, SD =
60 ms, t(68) = 4.29, p < .001, d = 0.52). 

Overall, although responses to chocolate were also characterized by 
more lapses (false alarms), the SSD could be adjusted to a slightly later 
appearance. In successful stop trials and after stop signal appearance, 
however, participants were able to terminate their ongoing hand 
movements slightly faster (TTS) and at a position slightly closer to the 
target stimulus (spatial displacement). 

Table 2 
Behavioral results from the computerized stop-signal task (SST) for chocolate vs. 
control pictures. N = 64.   

Chocolate Control 

M SD M SD t(63) Cohen’s 
d 

SSRT [ms] 246.94 53.37 257.62 47.62 − 2.17* − 0.27 
RT [ms] 542.35 143.54 549.25 143.26 − 3.02** − 0.38 
False alarms 

[%] 
52.32 5.96 51.63 5.49 2.72** 0.34 

SSD [ms] 291.95 142.25 283.48 140.15 1.92  
Failed Stop RT 

[ms] 
456.39 103.99 462.82 109.65 − 1.71  

Table Note. *p < .05, **p < .01. 

Fig. 6. Time course of spatial displacement in the approach dimension for chocolate trials (left panel) and control trials (right panel), grouped by stop condition (go vs. stop). 
Panel A displays go- and stop-trial separately, whereas Panel B displays the differences in approach coordinates. N = 69. 

P.A. Schroeder et al.                                                                                                                                                                                                                           



Appetite 181 (2023) 106383

9

3.4.3. Eye-tracking 
The initial gaze duration in VR was longer for chocolate (M = 333 

ms, SD = 149 ms) than for control stimuli (M = 307 ms, SD = 157 ms), t 
(68) = 3.47, p = .001, d = 0.42. However, the total gaze duration and 
number of gazes were not different between categories, ts < 1.83, ps >
.071. 

3.5. Construct validity of kinematic measures with SSRT 

Only data with valid SSRT estimation and extraction of kinematic 
parameters could be considered from both tasks, which led to a reduced 
sample of N = 61 for correlational analyses. There was no noticeable 
correlation of the SSRT with any measure from VR for neither stimulus 
category. Precisely, for chocolate, all associations between SSRT and 
TTS (r(59) = − 0.16, p = .234), SSRT and spatial displacement (r(59) =
0.01, p = .926), and other indices (|rs| < 0.17, p > .213) were small and 
not significant. Similar results were obtained for control objects and all 
associations between SSRT, TTS, and spatial displacement were small 
and not significant (|rs| < 0.07, ps > .593). 

3.6. Pearson correlations of behavioral measures with trait impulsivity, 
state- and trait chocolate craving, depression 

Finally, we also explored a set of other eating- and psychopathology- 
related correlations. Detailed results are reported in Table 3. Regarding 
the conventional SST, SSRT only showed a small correlation with 
depressive symptoms, r(59) = 0.29, p = .022. Regarding VR-based 
measures, TTS in chocolate stop-trials was shorter for higher chocolate 
craving, r(26) = − 0.26, p = .046, specifically for the craving subscale, r 
(59) = − 0.28, p = .031, but not the hunger subscale, r(59) = − 0.14, p =
.281. In contrast, higher trait chocolate hunger levels indicated shorter 
first dwell, r(59) = − 0.29, p = .021. Trait impulsivity was correlated 
with false alarms in VR, r(59) = 0.26, p = .047, but not with false alarms 
in the conventional SST, r(59) = − 0.06, p = .644. Eating disorder 
symptoms (EDEQ) were not correlated with any measure in the present 
healthy sample. 

4. Discussion 

The goal of the study was to investigate a novel kinematic SST in VR 
with motion tracking and to establish its correlation with an established 
measure of inhibitory control, i.e., the SSRT. To this end, we collected 
data from healthy female participants on both a conventional SST and 
the kinematic SST. As expected, kinematic recordings of approach 
revealed distinct movement patterns in stop-vs. go-trials for the kine-
matic SST. We also observed superior response inhibition to chocolate 

stimuli compared to matched control objects in both tasks, with more 
detailed behavioral signatures revealed by the motion tracking. The 
SSRT did not correlate with stopping in VR. These results and diverging 
correlations with eating-related variables will be discussed in depth 
below. 

Response inhibition and impulsivity have consistently shown asso-
ciations with real-world behaviors. Previous studies generally support 
the critical role of inhibitory control in psychopathology, and in food- 
and eating-related psychopathology specifically (Bartholdy et al., 2016; 
Lipszyc & Schachar, 2010; Smith et al., 2014). However, not all studies 
corroborated the cue-specificity of response inhibition. Moreover, it was 
not clearly specified how varying inhibitory control abilities translate 
into deviant appetitive behavior. Existing taxonomies of inhibitory 
control stress the distinctions between attentional and response inhibi-
tion, and highlighted response inhibition as the ability to interrupt an 
already initiated, ongoing motor response (Diamond, 2013; Verbruggen 
et al., 2019). Enabling a direct assessment of inhibitory control in 
controlled virtual environments with motion capture might help to 
address the inconsistent transfer of basic neuroscientific results to clin-
ical settings. Data from the kinematic SST can augment the existing 
measurements and the present investigation explicates this behavior for 
the case of highly attractive, palatable, and favorably evaluated 
chocolate. 

Surprisingly, although participants made slightly more commission 
errors for chocolate in both tasks, the indirect and direct measures of 
stopping latency showed increased chocolate-specific inhibitory control 
(i.e., shorter SSRT and shorter TTS). In this study, we adjusted SSD 
relative to stimulus category, which led to slightly longer SSDs for 
chocolate and, in the case of VR, we observed that participants suc-
cessfully stopped closer to chocolate than to control cues. From this, we 
conclude that less time and space was required for inhibiting chocolate 
grasping in VR, as hand movements had progressed already further at 
the appearance of the stop-signal. To the best of our knowledge, superior 
stopping abilities to highly attractive and appetitive food in healthy 
females have not been described before. Intuitively, superior response 
inhibition to chocolate relative to other, less attractive stimuli may 
enable healthy and balanced eating behavior control. It is important to 
highlight that this observation of increased, food-specific stopping 
ability was present in both tasks despite significant changes in chocolate 
craving, hunger, and fatigue with time. Nevertheless, since the tasks 
were not counterbalanced, we cannot rule out the possibility that the 
kinematic patterns in the second task were exaggerated due to previous 
performance in the conventional SST. Accordingly, task order and the 
influence of participants’ chocolate-abstinence warrant further replica-
tion of the present results in other samples. 

Food craving is theoretically distinct from hunger and deprivation in 

Table 3 
Pearson correlations (r) of behavioral indices (variables 8–13) with trait variables (1–7). Reported are only chocolate-specific results. N = 61.  

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

1 Trait impulsivity [BIS-15]             
2 Trait Chocolate Craving [FCQ-T-r-Ch] .40*            
3 Trait Chocolate Craving-Craving [FCQ-T-r-Ch] .41* .99**           
4 Trait Chocolate Craving-Hunger [FCQ-T-r-Ch] .29* .85** .75**          
5 State Chocolate Craving [Δ VAS] .29* .07 .05 .12         
6 Depressive symptoms [PHQ-9] .21 .42** .43** .32* − .26*        
7 Eating disorder symptoms [EDEQ] − .06 .20 .17 .26* − .15 .48**       
8 SSRT (PC) − .14 − .03 − .06 .05 − .12 .29* .13      
9 TTS (VR) .07 − .26* − .28* − .14 − .12 − .14 − .07 − .16     
10 Spatial displacement (VR) − .16 − .16 − .15 − .14 − .01 − .16 .03 .01 .02    
11 First dwell (VR) − .08 − .14 − .09 − .29* .06 .11 − .10 − .13 − .14 − .03   
12 False alarms (VR) .26* .10 .15 − .09 .14 − .04 − .21 − .04 − .29* − .03 .28*  
13 False alarms (PC) − .06 .06 .05 .10 − .06 .31* .07 .70** − .30* − .07 − .01 .12 

Table Note. *p < .05, **p < .01. 
PHQ-9 = Patient Health Questionnaire-9, EDE-Q = Eating Disorder Examination Questionnaire, FCQ-T-r-Ch = Food Craving Questionnaire Trait revised Chocolate 
Version, VAS = Visual Analog Scales, BIS-15 = Barrat Impulsiveness Scales-15, PC = Personal Computer (computerized task), VR = Virtual Reality, SSRT = Stop-Signal 
Reaction Time, TTS = Time To Stop. 
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its intense desire, specificity, but at the same time relatively low level of 
consumption (Hill, 2007). While consumption is rewarding and enjoy-
able, intake, particularly of energy-dense foods such as chocolate 
quickly escalates and turns into negative experiences such as guilt. 
Accordingly, especially chocolate cravers might plan for long-term 
chocolate avoidance, yielding highly trained inhibition around choco-
late products. Of note, the present results were gathered in all partici-
pants after a period of successful chocolate abstinence, comprising at 
least the day of testing. It is possible that chocolate cravers in this study 
might have had more practical experience with chocolate-specific 
stopping and thus have generally high trained inhibition. This corre-
sponds with findings from ecological momentary assessment in which 
state and trait chocolate craving interacted with hunger in their influ-
ence on chocolate intake or implicit responses to chocolate (Richard 
et al., 2017). Experimentally, we have previously shown that restrained 
eaters inhibitory control was impaired following breakfast due to ac-
tivity in prefrontal cortex regions (Schroeder et al., 2022). 

Explorative correlational analyses with several eating- and 
psychopathology-related variables revealed further differences between 
the established SSRT and novel kinematic measures. Previous research 
showed associations of the SSRT with trait impulsivity and depressive 
symptoms (Aker et al., 2016; Lipszyc & Schachar, 2010; Logan et al., 
1997), which was partially supported in the present sample by con-
ventional measures of the SSRT and false alarms in VR. By contrast, 
some kinematic parameters were more strongly associated with trait 
chocolate craving. Precisely, higher trait chocolate craving was associ-
ated with shorter stopping latencies in chocolate stop trials. Thus, 
shorter stopping latencies might indicate better controlled chocolate 
interactions, presumably enabling healthy and balanced consumption in 
the long run. Interestingly, the eye-tracking data in this VR study 
confirmed earlier studies of prolonged initial fixations to chocolate 
(Werthmann et al., 2013), which illustrates the relevance of funda-
mental psychophysical mechanisms (e.g., attention) in more complex 
behavioral interactions. Due to their explorative character, future 
studies need to confirm the distinct associations of gaze duration with 
hunger and of VR stopping with craving. 

Of note, the number of commission errors was still slightly higher in 
the chocolate condition of the conventional task (52.3 vs. 51.6%), 
similar to the pattern observed in individuals with binge eating disorder 
(Svaldi et al., 2014). Our data thus suggest a tradeoff between faster 
stopping at the cost of more frequent stop failures. Inhibitory control has 
been considered a multi-faceted construct and commission errors might 
capture a different aspect of inhibition. To date, however, it is still un-
clear how and which of these inhibitory control facets translate into 
problematic behavior. To further investigate which aspects of control 
are most predictive of real-world control failures (e.g., binge eating 
episodes), future studies with the kinematic stop task should test how 
the various parameters transfer to actual food intake, e.g., in a bogus 
taste test. Such studies should include both populations characterized by 
increased craving and overeating (e.g., restrained eaters, individuals 
with binge eating disorder), but also populations characterized by high 
successful dietary restraint (e.g., anorexia nervosa). Possibly due to the 
dynamic starting line in the kinematic SST, SSD adjustment did not lead 
to a balanced distribution of correct and incorrect stop trials; in fact, 
only approximately 30% of all stop trials were failed in VR and the 
stop-signal appeared very briefly after movement onset. We designed 
the task this way to ensure that hand movements were already initiated 
before stopping, and thus to ensure that the kinematic recordings 
revealed differences. However, due to the high stopping probability, we 
refrained from estimating SSRT from the VR task. 

Although both SSTs in this study were designed to assess inhibitory 
control, we failed to observe strong interrelations. At least two meth-
odological aspects could have affected this result. First, we did not 
counterbalance the order of tasks to maximize potential associations and 
keep possible effects of task practice, novelty, hunger, and fatigue stable 
across participants. Conversely, these confounding variables could have 

affected one task more than the other and results showed that partici-
pants had higher chocolate cravings during the longer VR task, which 
could be an effect of time. Still, measures of inhibitory control were not 
related. Second, although both tasks were designed to share most critical 
features (e.g., a clear and lateralized go-task, adaptive tracking of the 
SST, identical stimuli), the additional space for the go- and stop-process 
could enable alternative motor strategies for stopping such as reversing 
the movement. At this point we can only speculate whether this led to 
additional recruitment of other (more strategic) processes, e.g., avoid-
ance motivation, and future research is needed to identify why stopping 
performance in VR was so weakly predicted by performance in the 
preceding SST. 

Several other limitations should be mentioned. Because of the 
exploratory character of the correlation analyses, further replications, 
especially pertaining to associations with eating-related variables, are 
needed. As our primary kinematic outcomes from VR were tested for the 
first time here, this study and its analyses were not preregistered. 
However, future studies should consider more confirmatory approaches 
and sample size estimations that can be based on the obtained explor-
atory results. It should be highlighted that the observed stimulus effects 
were of small-to-moderate effect size. In this study, task order was kept 
fixed across participants to maximize individual differences and reduce 
within-individual error variance, assuming constant carryover effects. 
Notably, this should be taken into consideration when interpreting as-
sociations with state variables (e.g., changes in state chocolate craving). 
Another possible limitation was that the study did not include any covert 
assessment and that participants could have willfully exerted more effort 
and control in chocolate trials, especially given that subjective craving 
was repeatedly assessed. A previous study by Kreusch et al. (2013) 
showed higher false alarms to alcohol even when participants were 
unaware of the study aim, but it is not clear whether their results 
generalize to food and to the SST in VR. To the best of our knowledge, 
this is the first investigation of stopping in kinematic approach behavior. 
We demonstrated that the parameters from motion capture showed 
divergent validity compared with the SSRT in conventional SSTs (but see 
Leontyev & Yamauchi, 2019; Wirth et al., 2020 for comparable ap-
proaches with mouse- or finger-tracking). Through standardization and 
other preprocessing steps, trajectory analyses enable the distinct inves-
tigation of the spatial parameters of response stopping next to time 
parameters or movement kinematics. Thereby, we can differentiate 
particular aspects of between subject variability within the same task. 
Next to a rich kinematic characterization of behavior, the novel task 
enables the direct assessment of stopping to highly standardized and 
immersive stimuli. In future studies the role of other contextual cues (e. 
g., environment, social cues, other modalities) can be experimentally 
manipulated with little effort and high standardization. 

To conclude, healthy female participants showed superior response 
inhibition latency, but slightly more false alarms to chocolate. Two 
subsequent response inhibition tasks showed increased stopping abili-
ties to chocolate compared to control objects in a variety of parameters 
and in varying states of chocolate craving and fatigue. Kinematic data 
suggest this to be due to faster basal-motor response to the stop-signal, 
which led to punctual yet closer interruption of the movement. The 
construct validity between kinematic measures and SSRT was low. Ki-
nematic measures, SSRT, and eye-tracking may indicate different as-
pects of reactive inhibitory control. Future studies should further 
explore how this translates into appetitive behavior. 
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