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Abstract
Action control (i.e., response inhibition) is a crucial ability for adaptive responding but it may
be compromised in threat-related situations. The present research investigated if a stop-signal
training would improve the efficiency of response inhibition and reduce shooting errors in
high-threat circumstances. In the pre- and post-training sessions all participants (N=44)
performed a stop-signal shooting task. In between there was a stop-signal training destined for
the experimental group (n=31), and Go/NoGo training for the control group (n=13). The
results showed that from pre- to post-training session response inhibition was improved (i.e.,
decreased stop-signal reaction times [SSRT]; b=12.96 (2.16), 95% CI [ 8.82, 17.09]; X
(1)=35.87, p<.001) and shooting errors were reduced (i.e., increased response accuracy; b= -
0.11 (0.02), 95% CI [-0.15; -0.08]; X?=45.29, p<.001). However, contrary to what was
hypothesized, no difference between training groups was found on both, SSRT (p=.54) and
response accuracy (p=.39). The present research is the first that investigated the direct link
between improvement in response inhibition and shooting performance.

Keywords: threat, response inhibition, shooting performance
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Introduction

Action control (i.e., response inhibition) is crucial for adaptive responding but may be
compromised under threat (Bargh, 1999). Recurrent exposure to threatening events is an
inherent part of several professions including police officers. Specifically, police officers are
often faced with a dilemma to either take an action (e.g., shoot an armed suspect) or inhibit
this response. A heavy responsibility rests with such decisions since either way the choice
may endanger police officers’ physical well-being, the physical well-being of the fellow
officers or the general public (Anderson, Litzenberger, & Plecas, 2002). However, the news
on innocent people being Killed by police officers constantly appear in the media. For
example, the Washington Post reported 992 fatal shootings by a police officer in 2018 in the
United States, including 47 unarmed civilians being shot and killed (Tate, Jenkins, & Rich,
2019). All things considered, there is a clear need for developing an adequate form of training
that would enhance police officers’ action control in threatening situations and thereby reduce
the number of civilian casualties.

Response inhibition — the ability to withhold or stop a behavioural response to a
stimulus- is a component of executive functioning, necessary for the cognitive control of
behaviour (Rapport, Orban, Kofler, & Friedman, 2013). One of the factors that interfere with
response inhibition is threat. Action tendencies and response inhibition under acute threat
were investigated in a recent study (van Peer, Gladwin, & Nieuwenhuys, 2018) employing a
stop-signal version of a simulated Go/NoGo shooting task (Gladwin, Hashemi, van Ast, &
Roelofs, 2016). Participants took shooting decisions against two opponents appearing on the
screen. Each of them were always coupled with either a loud (high-threat [HT]) or quiet (low-
threat [LT]) noise. Participants were instructed to: (1) shoot the opponent when he drew a
gun; (2) inhibit a response when the opponent drew a phone or if he drew a gun and put it

down again after a brief delay. In line with preceding studies, acute threat was found to
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increase the tendency to act quickly (Nieuwenhuys et al., 2012b; Nieuwenhuys et al., 2015)
and decrease response inhibition (Verbruggen & De Houwer, 2007). However, response
accuracy did not differ between high versus low threat context which is at variance with
previous findings (Nieuwenhuys et al., 2012b; Nieuwenhuys et al., 2015).

In the past few years the interest in response inhibition training (RIT) as a tool for
improving cognitive control of behaviour has grown. For example, RIT has been
demonstrated to reduce alcohol consumption (Houben, Nederkoorn, Wiers, & Jansen, 2011;
Jones, & Field, 2013), minimize high calorie food intake (Houben, & Jansen, 2011; Lawrence
et al., 2015) and contribute to weight loss (Lawrence et al., 2015) from the pre-to post
intervention. However, there is an ongoing discussion about which type of response inhibition
training, the Go/NoGo or stop-signal training, would improve response inhibition. A recent
study looking at the Go/NoGo trainings effects for food-related behaviour indicated that
Go/NoGo training most likely creates automatic stop associations or devaluation of NoGo
cues but unlikely improves response inhibition per se (Veling, Lawrence, Chen, van
Koningsbruggen, & Holland, 2017). On the other hand, a stop-signal training requires to stop
a response when action was already initiated (i.e., a Go cue was presented but after a brief
delay stop-signal appeared signalizing response inhibition) hence, could be considered as a
better tool to train response inhibition as compared to a Go/NoGo training.

To our knowledge, only one study applied response inhibition training (RIT) with the
aim of improving shooting performance and response inhibition (Biggs, Cain, & Mitroff,
2015). In the pre- and post-training participants completed a 2-hr shooting game, and in
between they were involved in a 1-hr cognitive-training for 3 days. Specifically, participants
in the RIT condition completed stop-signal and go/nogo task, whereas participants in the
control condition realized the visual search training (VST). The results showed reduced false-

shooting responses in the shooting game from pre- to post-session in the RIT but not in the
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control group. Thus, even with a relatively short training it seems to be possible to get
positive effects of shooting decisions. However, as a Go/NoGo and SST were included in the
RIT, it remains unclear which type of task brought significant training benefits. Furthermore,
stop-signal reaction time (SSRT) was not measured before and after the training, so it is
unknown if the reduction in civilian casualties was due to improved response inhibition.
Finally, the shooting task did not contain any manipulation of threat, which seems to be a
relevant limitation, as under high threat the tendency to shoot was previously found to be
associated with decreased response inhibition (van Peer et al., 2018, Verbruggen & De
Houwer, 2007) and faster reaction times (Nieuwenhuys, Savelsbergh, & Oudejans, 2012b;
van Peer et al., 2018), but simultaneously, a lower accuracy (Nieuwenhuys, Savelsbergh, &
Oudejans, 2012b, Nieuwenhuys et al., 2015).

To address these issues, the current study extends the previous research by: (a)
verifying if the shooting performance and response inhibition can be improved with the stop-
signal training ( and not by go/nogo training); (b) directly measuring inhibition improvement
with the stop-signal shooting task (the SSST; van Peer, et al., 2018); (c) examining if the
negative contribution of threat to shooting performance and response inhibition can be
minimized through the stop-signal training (versus go/nogo training). In the present research
all participants completed pre- and post-training (the SSST). In between the experimental
group was involved in a stop-signal training and the control group a go/nogo training.
Regarding the effect of threat, we predicted a negative effect of high threat (HT) as compared
to low threat (LT) on SSRT (van Peer et al., 2018; Verbruggen & De Houwer, 2007), but no
difference between the two training groups (stop-signal training (experimental) and go/nogo
training (control), at the pre-training shooting task. With respect to the group effect (stop
signal training/ go/nogo training), we predicted decreased SSRT on LT and HT trials at the

post-training as compared to pre-training shooting task (Biggs, Cain, & Mitroff, 2015) for the
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stop-signal training (experimental) group, but not for the Go/NoGo training (control) group.

Method

Participants

We aimed to include minimally 54 participants with complete data sets (excluding
outliers and exclusions) based on previous studies which also applied a response inhibition
training using a similar method (Biggs, Cain, & Mitroff, 2015; Houben, Nederkoorn,
Havermans, & Jansen, 2012). Additionally, we computed a sensitivity analysis in G*Power
(Faul, Erdfelder, Buchner, & Lang, 2009) which indicated that with a total sample size of 54
participants, 80% power, and alpha 0.05, we would be able to detect a small to medium effect
(f=0.19).

We recruited 44 participants via the SONA system of Radboud University that met
the inclusion criteria, namely: they were between 18 and 35 years of age, without colour
blindness and hearing problems, as well as with a good proficiency in English. Based on the
exclusion criteria that were preregistered, 7 participants were excluded due to insufficient
adherence to the task instructions, namely: (1) 4 participants that completed less than 3 out of
6 training sessions (i.e., all from the stop-signal training group); (2) 1 participant that did not
complete both sessions of the shooting task; (3) 1 participant with accuracy rates on NOGO
trials lower than 3SD below the mean and below 70%; (4) 2 participants (i.e., including one
participant that was excluded based on the third criterion) with deviating stop respond rates
during stop signal trials (i.e., not responding to stop-signals). A cut-off value for the last
criterion was a >.20 deviation from the target stop-respond rate of 0.5 (van Peer, Gladwin, &
Nieuwenhuys, 2018). The data of these participants were excluded from the SSRT analysis.

Participants were randomly assigned to either stop-signal training or go/nogo
training. After applying the exclusion criteria, the two groups did not differ with respect to

age (stop-signal group: M=22.43, SD=2.45, go/nogo training group: M=21.85, SD=2.68; 95%
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CI[-0.75, 1.93], t(26.72) = 0.90, p = .377) and gender (stop-signal training group: 22 female
and 3 male, go/nogo training group: 7 female and 5 male; X2(1)=2.64, p = 0.10).

All participants provided written informed consent, received course credit if
relevant and took part in the lottery for a gift certificate (20 x 10 euro, 4 x 50 euro and 2 x 100
euro) if they followed the whole research procedure. The study was approved by the ethical
committee of the Faculty of Social Sciences of Radboud University Nijmegen and was
preregistered via AsPredicted website (see: http://aspredicted.org/blind.php?x=ff9i92).
Procedure

As a first step participants were required to fill in the screening questionnaire and if
they fulfilled the criteria for participation they were randomly assigned to the stop-signal
training (experimental) group or go/nogo training (control) group. All participants completed
the pre- and post-sessions (SSST; adapted version of van Peer et al., 2018) separated by one
week. In between they were involved in either stop-signal training or go/nogo training that
was done online at home for 6 days (22 minutes per day).

Stop-signal shooting task (SSST)

There were four scenarios, each showing the same setting: a parking garage with an
opponent, a police officer in the background and animated hands holding a gun in the
foreground. Threat was manipulated by the alternated presence of two opponents
(distinguished by face and clothing) that were always coupled with either a loud (97 dB,
40ms; HT) or a quiet (50 dB, 40ms; LT) noise played via headphones when an incorrect
response was made. In each trial the opponent took an action after an interval of 1500 to 4000
ms.

In the first scenario participants had to shoot by pressing the letter ‘F’ or ‘J’ on the

keyboard within 800 ms (response window) when the opponent drew a gun (the Go stimulus,
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32.5% of trials). If they did so, they saw their own gun flash and the opponent dropped down
on his knees. If they responded too late or put their gun down they were shot by the opponent.

In the second scenario participants had to put their gun down by pressing another
key within 800 ms (response window) when the opponent drew a phone (the Go stimulus,
32.5% of trials). If they responded too late or shot, they were shot by the police officer.

In the third scenario participants had to inhibit their response when the opponent
drew a gun but put it down again after a brief delay (i.e., the stop-signal delay [SSD]; stop
signal: 17.5% of trials). If they shot or put their gun down they were shot by the opponent.

In the fourth scenario participants had to inhibit their response when the opponent
drew a phone but put it down again after the SSD (stop signal: 17.5% of trials). If they shot or
put a gun down they were shot by the police officer.

There was a practice phase with 8 blocks (4 trials per block, 50% LT and HT) and
experimental phase with 7 blocks (80 trials per block, 50% LT and HT) with randomized
order of all scenarios. On 5% of Go trials the response window was reduced to 250 ms to
ensure that participants experienced negative feedback (HT sound) minimum number of
times, even if they otherwise perform very well. Trials were separated by the view of the
parking garage without the opponents or police officer (Inter-trial interval, 600 to 900 ms).
The SSD was initially set to 225 ms and later was continuously adjusted using a one-up/one-
down staircase procedure. Specifically, if participants successfully withheld the response
when a stop signal appeared, the SSD increased by 50 ms to make stopping more difficult,
whereas if participants did not withhold the response, the SSD was reduced by 50 ms to make
stopping easier.

Stop-signal training
An adapted version of the neutral stop-signal task- a ‘soccer challenge’ game

developed by the Instruct Group (Instruct Research Group, n.d.) was employed. On every trial
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a white-black soccer ball appeared on the left or the right side of a field (50% on each side).
Participants had to respond as fast and accurate as possible to these ‘Go’ stimuli. They did so
by pressing the letter ‘S’ on the keyboard with the left index finger when the white-black ball
appeared on the left and letter 'L" with the right index finger when the white-black ball
appeared on the right.

In 1/4 of the trials the white-black ball changed into an orange-black ball after the
SSD indicating that they had to stop their response on that trial (i.e., no button press). The
SSD was initially set to 250 ms and later was continuously adjusted using a one-up/one-down
staircase procedure. Specifically, if participants correctly withheld the response when a stop
signal appeared (i.e., the orange-black ball), the SSD increased by 50 ms (to a maximum of
1150 ms) to make stopping more difficult. If participants did not withhold the response when
a stop signal appeared, the SSD was reduced by 50 ms (to a minimum of 50 ms) to make
stopping easier.

If participants gave the correct response, a green check mark was shown across the
ball as a feedback. If they gave an incorrect response, a red cross was shown. After each block
the results summary was presented to participants that indicated how well they performed
(i.e., the percentage of correct responses to go trials, mean go reaction time and the percentage
of correctly stopped responses to orange-black balls). The stop-signal training contained two
blocks of 10 practice trials and six blocks of 66 training trials (i.e., per training session).
Go/nogo training

In the go/nogo training an adapted version of the ‘number challenge’ game
developed by the Instruct Group (Instruct Research Group, n.d.) was employed. In this
computer game a stream of numbers flashed onto the screen one at a time at a fast pace. The
response window was set to 1000 ms and the trial terminated as soon as the participant

responded, but with a minimal duration of 250 ms.
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The ‘number challenge’ consisted of two blocks of 10 practice trials and six blocks
of 72 training trials. There was one set of 15 Go numbers (i.e., randomly generated from the
range from 1 to 30) that was used in all practice and training blocks. Participants had to
respond to the Go numbers by pressing the spacebar on the keyboard. Furthermore, there were
six different sets of NoGo numbers (i.e., randomly generated from the range from 1 to 30) that
were fixed per block. Participants were not allowed to respond to the NoGo numbers.
Furthermore, the ‘number challenge’ was a two-level task. Specifically, in the first practice
block and the first three training blocks the NoGo numbers sets consisted of 2 NoGo numbers,
whereas in the second practice block and the last three training blocks the NoGo numbers sets
contained 3 NoGo numbers.

The total trial duration of each Go and NoGo trial was set to 1500 ms. Each
condition in the practice and training blocks contained 75% Go trials and 25% NoGo trials. If
participants gave a correct response, a green smiley face was shown as a feedback. If they
gave an incorrect response, a red angry face was shown.

Exit questionnaire

After the post-training shooting task participants filled in a questionnaire about
their subjective responses to the task. Specifically, they were asked to indicate which
opponent was associated with loud and quite noise, and how certain they were about these
contingencies. Furthermore, participants rated the unpleasantness of both sounds at the
beginning and end of the task, and how they were motivated to shoot each opponent. All of
these ratings were completed on 9-point Likert-scales (1 = not at all, 9 = very much). Finally,
the subjective responses to each opponent were rated by participants on 9-point non-verbal
pictorial scales (Self-Assessment Manikins, see Bradley & Lang, 1994. Valence: 1 = pleasant,

9 = unpleasant; arousal: 1 = excited, 9 = calm, and dominance: 1 = controlled, 9 = in control).
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Statistical analyses
Data preparation

The SSRT was estimated with the integration method (Verbruggen, Chambers, &
Logan, 2013) while the response accuracy was calculated as the proportion of correct
responses on gun and phone trials, relative to the total number of gun and phone trials.
Main analyses

All statistical analyses were performed in R (R Core Team, 2016). The behavioural
measures of the shooting task (response accuracy, SSRT) were analysed in separate mixed-
effects models. The linear mixed-effect model was done for SSRT and the generalized mixed-
effect model for response accuracy (the DVs), and both included fixed effects for session
(pre/post), group (stop signal training/go-nogo training), threat (high/low), stimulus
(gun/phone) and all interactions between these factors. We aimed to use a maximal random-
effects structure (Barr, Levy, Scheepers, & Tily, 2013) in all models, by including a per-
participant random adjustment to the fixed intercept (“random intercept”), per-participant
random adjustments to the slopes of the within-subject factors (“random slopes”™), as well as
all possible random correlation terms among the random effects. However, due to singular fit
problems that we encountered, we were able to include ‘random intercept’ only.
Secondary analyses

To test the effect of training on reaction times from pre to post session, we ran a
linear mixed-effect model for RT that included fixed effects for session (pre/post), group (stop
signal training/go-nogo training), threat (high/low), stimulus (gun/phone) and all interactions
between these factors. Furthermore, the model included a per-participant random adjustment
to the fixed intercept.
Furthermore, to test the subjective effects of the threat manipulation in the shooting

task, all ratings of the opponents were analysed in separate models and each of them included



RESPONSE INHIBITION AND SHOOTING PERFORMANCE UNDER THREAT 12

fixed effects for the factor Threat (LT, HT). The model for the unpleasantness ratings of the
sounds included Threat (LT, HT) and Time (Beginning, End of task) and their interaction as
fixed factors.

In order to verify the influence of the exclusion criterion, that is, the completion of
less than 3 trainings, and the robustness of the main analyses results, behavioural data (SSRT,
response accuracy and reaction times) were re-analysed. Initially, we planned to run the
mixed-effects models that would include fixed effects for session (pre/post), group (stop
signal training/go-nogo training), threat (high/low), stimulus (gun/phone), training session (1-
6) and all interactions between these factors. However, due to problems related to fixed-effect
rank deficiency, the models did not include all possible interactions between training session
(1-6) and other factors.

Finally, to test the subjective motivation to complete the training tasks, after each
training session participants rated on a 8-point Likert scales (1 = not at all, 8 = very much)
how enjoying, engaging and difficult they perceived the training task was. All of these ratings
were analysed with linear mixed-effects models that included the fixed effect of training
group (stop signal training/go-nogo training), and the fixed effect of training session number
(1-6).

Results
Main analyses
Stop signal reaction time (SSRT) in the shooting task

In order to see whether at the pre-training session there was an effect of threat on
SSRT and no group differences, the linear mixed-effect model for SSRT was created for pre-
training session only. The results showed that the main effect of threat, training group and the
interaction between threat and training group did not reach statistical significance (threat:

b=0.46(2.87), 95% CI [-5.06; 5.97], X?(1)=0.03, p=.87; training group: b=0.29(6.98), 95% ClI
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[-13.36; 13.94], X2(1)=0.002, p=.97; threat x training group: b=1.11(2.87), 95% CI [-4.40;
6.63], X*(1)=0.15, p=.70). All other main effects and interactions were also found to be non-
significant (p>.05). Therefore, regarding our first hypothesis, it was confirmed that there were
no differences between training groups at the pre-training session. However, in contrast to
what was predicted, SSRT did not differ under high and low threat for both training groups
(Figure 1a).

Regarding our second hypothesis the linear mixed-effect model for SSRT that
included both, pre-training and post-training sessions showed a significant main effect of
session (b=12.96 (2.16), 95% CI [ 8.82, 17.09]; X2 (1)=35.87, p<.001) and non-significant
interaction between training group and session (b=2.89 (2.16), 95% CI [-1.25; 7.03];
X2=1.78(1), p=.18). All other effects did not reach statistical significance (p>.05). In other
words, the mean SSRT decreased from the pre- to the post-training session for both low- and
high-threat thereby partially confirming our second hypothesis. However, contrary to our
expectations SSRT decreased across sessions for both training groups — stop-signal training

and Go/Nogo training (Figure 1b).
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Figure 1 (from left to right): (a) Pirate plots showing the effect of threat on SSRT for stop-signal training group
and go/nogo training group at the pre-training session; (b) Pirate plots showing SSRT for stop-signal training
group and go/nogo training group at the pre- and post-training session. The mean of each distribution is shown in

a dark horizontal line in the middle of each bean and 95% Highest Density Intervals (HDIs) of the mean of each
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group are shown as solid bands around the sample mean.

Response accuracy in the shooting task

In line with results from SSRT analyses, the generalized mixed effect model for
response accuracy showed significant main effect of session (b=-0.11 (0.02), 95% CI [-0.15;
-0.08]; X?(1)=45.29, p<.001), but non-significant interaction between training group and
session (b=0.02 (0.02), 95% CI [-0.15; -0.08]; X?(1)=191.61, p=.61) and non-significant
effect of threat (b=-0.02 (0.02), 95% CI [-0.15; 0.03]; X2(1)=0.49, p=.48; Figure 2a). The
effect of stimulus was the only one in the model that reached statistical significance (b=-0.23
(0.02), 95% CI [-0.06; -0.20]; X*(1)=191.61, p<.001). Specifically, response accuracy did not
differ under HT and LT for both groups (Figure 2a). Furthermore, response accuracy
significantly increased from pre- to post-training session for both training groups (Figure 2b).
In contrast to findings about SSRT, participants were found to be generally more accurate at

gun (M=84.32; SD=7.89) that at phone trials (M= 77.23; SD=9.42).
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Figure 2 (from left to right): (a) Pirate plots showing the effect of threat on the percentage of correct responses
for stop-signal training group and go/nogo training group; (b) Pirate plots showing the percentage of correct
responses at pre- and post-training session for both training groups: stop-signal training group and go/nogo
training group. The mean of each distribution is shown in a dark horizontal line in the middle of each bean and
95% Highest Density Intervals (HDIs) of the mean of each group are shown as solid bands around the sample

mean.
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Secondary analyses

Reaction times in the shooting task

In line with SSRT and response accuracy the linear-mixed effect model for the
shooting task indicated significant effect of session on reaction times (b=-6.55 (0.67), 95% CI
[-7.85; -5.24]; X?=96.34, p<.001). Similarly to response accuracy, the effect of stimulus on
reaction times reached statistical significance (b= 34.72 (0.67), 95% CI [ 33.41; 36.03];
X2=2711.07, p<.001). In addition, there were several effects that were found to be significant,
namely threat (b=2.97 (0.67), 95% CI [1.66; 4.28]; X>=19.83, p<.001), training group x
session (b=2.76 (0.67), 95% CI [1.45; 4.06]; X>=17.07, p<.001), training group x stimulus (b=
4.10 (0.67), 95% CI [2.80; 5.41]; X?=37.87, p<.001) and session x stimulus (b= 6.18 (0.67),
95% CI [ 4.87; 7.49]; X>=85.95, p<.001). All other effects did not reach statistical
significance (p>.05). Hence, in contrast to the findings about SSRT and response accuracy,
there was a significant difference between threat conditions on reaction times, namely faster
responses were found under HT than under LT (Figure 3a). In line with the results from SSRT
and response accuracy analyses, reaction times increased from pre-training (M=541.29,
SE=8.63) to post-training session (M=554.38, SE=8.63) with participants in the go/nogo
training group having slightly higher increase of reaction times across sessions than stop-
signal training group (Figure 3b). In addition, the increase of reaction times from pre- to post-
training was found on gun trials (pre-training: M=500.39, SE=8.68; post-training: 525.84), but
not on phone trials (pre-training: M=582.19, SE=8.69; post-training: M=582.92, SE=8.69).
Finally, both training groups were faster at gun (stop-signal group: M=495.72, SE=10.14;
go/nogo group: M=505.13, SE=14.34) as compared to phone trials (stop-signal training group:
M=586.88, SE=10.16; go/nogo group: M=577.51; SE=14.36), which is in line with response

accuracy findings.
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Figure 3 (from left to right): (a) Pirate plots showing the effect of threat on reaction times for stop-signal training
group and go/nogo training group; (b) Pirate plots showing reaction times for stop-signal training group and
go/nogo training group at the pre- and post-training session. The mean of each distribution is shown in a dark
horizontal line in the middle of each bean and 95% Highest Density Intervals (HDIs) of the mean of each group
are shown as solid bands around the sample mean.
Threat manipulation check

All except one participant correctly reported which opponent was associated with the
LT sound and which one with HT sound. Participants were highly certain about these
contingencies (M=8.63, SD=1.51) and this did not differ between LT and HT condition (95%
CI1[-0.65, 0.65], t(84.00) = 0.00, p >.999). The unpleasantness ratings of the sounds showed
significant main effect of Threat (b = 2.42 (0.37), 95% CI [2.09; 2.75]; X?(1) =211.49, p
<.001), Time (b = 0.40 (0.28), 95% CI [0.18; 0.62]; X?(1) = 13.05, p<.001), and an interaction
between Threat and Time (b= 0.20 (0.33), 95% CI [0.04; 0.37]; X*(1) = 6.03, p=.01). Post hoc
tests indicated that from the beginning to the end of the task the unpleasantness ratings
significantly decreased on high-threat sounds (beginning: M=7.44, SE=0.27; end: M=6.23,
SE=0.28, 1(77.72)=4.364, p<.001), but not on low-threat sounds (beginning: M=2.19,
SE=0.21; end: M=1.79, SE=0.26, t(77.72)=1.43, p=0.95). However, high-threat sounds were

rated as more unpleasant than low-threat sounds at both time points (beginning: high-threat
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M=7.44, SE=0.27, low-threat M=2.19, SE=0.21, t(42)= 14.12, p <.0001; end: high-threat
M=6.23, SE=0.28; low-threat M=1.79, SE=0.26, t(61.57)= 11.93, p <.0001). Finally,
participants reported increased motivation to shoot, negative valence and arousal when
confronted with high-threat opponent as compared to low-threat opponent (see Table 1).

Table 1. Subjective Responses to Experimental Contingencies (Exit Questionnaire).

LT HT
Dependent variable M (SD) M (SD) X*(1) p-value 95% CI
Motivation 4.84(0.28) 6.28(0.28) 3457 .001 [0.96, 1.93]
Valence 447 (0.25) 7.12(0.24) 7477 001  [2.04,3.26]
Arousal 3.74 (0.27)  6.02(0.27) 535 .03 [1.59, 2.97]

Note. LT = Low Threat; HT = High Threat. Valence scored on a bipolar scale (1 = pleasant to 9 = unpleasant).
Arousal scored on a inversed scale (1 = excited to 9 = calm). Motivation scored on a 9-point Likert scale (1 = not

at all to 9 = very much).
Robustness check

Based on the exclusion criteria, that is, the completion of less than 3 trainings, 5
participants were excluded from the main analyses of SSRT, response accuracy and reaction
times. In order to verify the influence of this exclusion criteria, and the robustness of the main
analyses results, behavioural data (SSRT, response accuracy and reaction times) were re-
analysed. Initially, we planned to run a model that would additionally involve excluded
participants as well as include the fixed effect of completed trainings (1-6) and all possible
interactions with other factors. However, due to problems related to fixed-effect rank
deficiency that we encountered, we end up with a model that comprised of excluded
participants and the fixed-effect of completed trainings number only. The results indicated the
same effects to be significant on SSRT, response accuracy and reaction times as showed in

the main analyses without exclusion of these participants and without the fixed-effect of
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completed trainings number. Furthermore, no effect of trainings number was found on SSRT,
response accuracy and reaction times (all p>.05). In other words, performance indicated by
those three measures did not differ for participants that completed different number of

trainings.

Evaluation of the training tasks

Ratings of enjoyment, engagement and difficulty of training task (8-point Likert scales: 1 =
not at all, 8 = very much) were analysed with mixed-effects models. The ratings of
engagement and difficulty were significantly lower on training session 4, 5 and 6 as compared
to training session 1. While the ratings of engagement did not differ between training groups,

difficulty was rated higher in the stop-signal training than in the go/nogo training group.

Exploratory analyses

Correlations between inhibition performance on different tasks

Pearson’s correlations were computed for SSRT within and between different tasks
(i.e., the shooting task, stop-signal task) in order to verify stability of the inhibition

performance and reliability of the SSRT measures (see Table 2).

First of all, Pearson’s correlations were computed between pre- and post- training of
the shooting task on SSRT. The results indicated non-significant association (r = .28, 95% CI
[-.05, .55], t(35) = 1.73, p = .093), which suggests that the inhibition performance was not

stable within the shooting task and that the reliability of this measure could be questioned.

Second of all, Pearson’s correlations were computed between Six training sessions on
SSRT. The analysis included only those participants that were assigned to stop-signal training
group and completed six trainings (n=16). The results indicated that all training sessions were

strongly positively correlated with each other on SSRT which suggests that the inhibition
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performance was stable within the training. In addition, in order to verify if there was a
change in performance across training sessions the stop-signal training data was analysed with
the paired sample t-tests and included only those participants who completed all trainings
(n=16). The results showed that there was no difference between the first and the last training
session on SSRT (t(13) =-0.02, p = .983), response accuracy (t(14) = 1.45, p =.17) and
reaction times (t(14) = 0.13, p =.90). In other words, the performance did not change from the

first to the last training session.

Third of all, Pearson’s correlations were computed between the shooting task (i.e.,
included stop-signal training group only) and the stop-signal task on SSRT. Only those
participants that completed all required trainings were included in this analysis (n=16). The
results showed non-significant correlation between pre-training session and the first training
session (r =-.09, 95% CI [-.59, .47], t(12) = -0.30, p = .768 ) and between last-training
session and the post-training session (r = -.34, 95% CI [-.71, .19], t(14) = -1.35, p = .198). In
other words, the performance on the shooting task was not predictive of how participants

performed during the training.
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Table 2. Correlations between inhibition performance on different tasks

Pre Post  Training Training Training Training Training Training
session  session  session  session  session  session
1 2 3 4 5 6

Pre
Post .29

Training  -.09 -.26
session 1

Training  -.09 -.45 .86**
session 2

Training  -.09 -.36 Q1***  Qh**k
session 3

Training .02 -.29 3% 90*** 83**
session 4

Training .05 -.33 75% 90*** .83** .96***
session 5

Training  -.01 -.34 .76% 90*** .83** 96***  QgF**
session 6

Note. *p< .05. ** p<.01. ***p<.001

Discussion

The first aim of the present study was to investigate the influence of threat on response
inhibition. In line with previous findings there was a tendency to act quicker in a high versus
low threat context (van Peer et al., 2018). However, contrary to predictions, participants did
not perform differently under low and high threat on SSRT and response accuracy.
Furthermore, the current study aimed to investigate whether response inhibition can be
improved under low and high threat through stop-signal training versus go/nogo training. The
results indicated increased response inhibition from pre- to post-training session, however no
differences were found between training groups. The research findings will be discussed in

greater detail below.



RESPONSE INHIBITION AND SHOOTING PERFORMANCE UNDER THREAT 21

The influence of threat on shooting performance and response inhibition

The effectiveness of the threat manipulation was confirmed in subjective reports as
participants perceived HT sounds (versus LT sounds) as more unpleasant, and reported
increased motivation to shoot, negative valence and arousal when confronted with HT
opponent as compared to LT opponent. Furthermore, findings of previous studies were
replicated regarding faster shooting responses under HT versus LT, suggesting an increased
tendency to act quickly in a high threat context (van Peer et al., 2018; Nieuwenhuys et al.,
2012b; Nieuwenhuys et al., 2015). However, in contrast to previous findings, no effect of
threat was found on SSRT (van Peer et al., 2018; Verbruggen & De Houwer, 2007) and
response accuracy (Nieuwenhuys et al., 2012b; Nieuwenhuys et al., 2015). Based on such

inconsistent findings it can be concluded that no clear, robust effect of threat was detected.

One possible explanation for non-significant influence of threat on SSRT and response
accuracy could be small effect of threat found in previous studies (e.g., Gladwin, Hashemi,
van Ast, & Roelofs, 2016). Moreover, preceding studies that found a significant effect of
threat on response accuracy applied threat manipulation that was either task-irrelevant (De
Houwer & Tibboel, 2010) or unrelated to performance (Nieuwenhuys et al., 2012b;
Nieuwenhuys et al., 2015). However, in the current study threat manipulation was task-
relevant and related to performance, as it included negative feedback in both LT and HT trials
when an incorrect response was made. In turn, participants could strategically increase their

performance in order to avoid loud noise.

Effects of training on improved response inhibition and response accuracy

As predicted, the shooting performance and response inhibition was improved from
pre-training to post-training but, contrary to what was hypothesized, the improvement did not

differ between training groups. Two main explanations for such findings could be considered.
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First of all, it could be claimed that both types of trainings were equally effective in
increasing SSRT and response accuracy. For example, in the study by Biggs et al. (2015) the
improvement across sessions was found after a training that included both, stop-signal and
go/nogo task. As the tasks were applied simultaneously, it could mean that either, both tasks
were effective or only one of them. Hence, in the current study participants were divided into
two training groups with either stop-signal or go/nogo task. As we found the improvement for
both training groups, it seems possible that both types of trainings tasks brought significant

training benefits.

On the other hand, behavioural results of the current study showed no correlation
between the pre-training and the first stop-signal training session as well as between the last
stop-signal training session and the post-training, which means that participants’ performance
during the training was not predictive of how they performed on the shooting task (i.e., lack of
transfer from training to the shooting task). Furthermore, SSRT did not change across training
sessions, which suggests that the training itself did not contribute to improved response
inhibition. Hence, there must have been other factors that contributed to the improvement of

inhibition performance from pre- training to post-training of the shooting task.

If the improvement was not obtained by means of the stop-signal training, SSRT and
accuracy of responses could have increased as a result of completing the shooting task twice.
As the duration of this task was 1-hour long and the experimental phase of the task contained
large numbers of trials (i.e., 560 trials), it could be argued that the task completion at the pre-
training would be enough to enhance the performance at the post-training. However,
inhibition performance was not stable across these training sessions as indicated by non-
significant association between pre-training and post-training on SSRT. As the shooting task
did not capture anything stable about inhibition performance, it cannot be treated as a reliable

measure of SSRT.
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Effects of training on increased reaction times

In line with previous findings (Biggs, Cain, & Mitroff, 2015) in the current study
shooting performance and response inhibition was enhanced from pre-training to post-training
as indicated by increased SSRT and response accuracy. However, contrary to expectations,
reaction times also increased over time. One possible explanation for response slowing could
be the interaction between reactive and proactive processes involved in response inhibition.
Reactive inhibition refers to the cue-triggered stopping of a response that is already in
progress (Aron, 2011), whereas proactive inhibition provide information about inhibition
implementation and is mediated by stopping goals that reflect the desired inhibition outcome
(Meyer & Bucci, 2016). The continuous presence of stopping goals required for proactive
inhibition often slows response times as they are resource consuming (Verbruggen & Logan
2009b). Based on the Horse-Race Model perspective, proactive inhibitory control that results
in slowed response could increase the chance of successful response inhibition (Logan &

Cowan 1984).

Limitations

Several limitations in the current study should be noted. First, low adherence to the training
protocol was encountered. Out of 44 recruited participants, only 24 participants correctly
followed the study instructions (stop-signal training group: n=16, go/nogo training group:
n=8). Hence, the sample size of our study was rather small, which led to limit statistical
power for testing hypotheses. Second, participants from both groups were moderately
motivated during the training and there was a downward tendency noticeable for the
motivation across training sessions. Third, lack of transfer effect from the baseline task (i.e.,

the shooting task) to the training task limited drawing reliable conclusions.
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Conclusions

In conclusion, the present study showed that acute threat increased the tendency to act
quickly, but did not affect response inhibition and response accuracy. Furthermore, response
inhibition and response accuracy was enhanced from pre- to post-training session. However,
the stop-signal training did not contribute to this improvement as no change of performance
was detected across training sessions. In addition, inhibition performance was found to be
unstable within the shooting task, and between the stop-signal task and the shooting task.
Hence, the shooting task turned out to be an unreliable measure of inhibition performance and

lack of transfer effects from one task to another was encountered.

The outcomes of the current study highlight the importance of looking at the training
data which provides very useful and meaningful information about the effectiveness of an
intervention. Inspection of the behavioural change within the training may give a better idea if
the improvement across sessions was obtained due to the training or was it influenced by
other factors. For future research, it is necessary to further investigate which type of the
cognitive training would successfully contribute to enhanced response inhibition under threat,
as our results did not present straightforward answer. It is also important to think of how to
increase motivation among participants to complete the trainings. Specifically, it seems
crucial to increase the engagement and enjoyment of the training task, while taking theoretical

principles of the cognitive tasks into account.
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