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Effects of reflex-based self-defence training on police performance in simulated 
high-pressure arrest situations
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aDepartment of Human Movement Sciences, MOVE Research Institute Amsterdam, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands; 
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ABSTRACT
We investigated the effects of reflex-based self-defence training on police performance in simulated 
high-pressure arrest situations. Police officers received this training as well as a regular police arrest 
and self-defence skills training (control training) in a crossover design. Officers’ performance was 
tested on several variables in six reality-based scenarios before and after each training intervention. 
Results showed improved performance after the reflex-based training, while there was no such effect 
of the regular police training. Improved performance could be attributed to better communication, 
situational awareness (scanning area, alertness), assertiveness, resolution, proportionality, control 
and converting primary responses into tactical movements. As officers trained complete violent 
situations (and not just physical skills), they learned to use their actions before physical contact for 
de-escalation but also for anticipation on possible attacks. Furthermore, they learned to respond 
against attacks with skills based on their primary reflexes. The results of this study seem to suggest 
that reflex-based self-defence training better prepares officers for performing in high-pressure 
arrest situations than the current form of police arrest and self-defence skills training.

Practitioner Summary: Police officers’ performance in high-pressure arrest situations improved 
after a reflex-based self-defence training, while there was no such effect of a regular police training. 
As officers learned to anticipate on possible attacks and to respond with skills based on their primary 
reflexes, they were better able to perform effectively.

1.  Introduction

Police officers regularly have to perform arrest and self-de-
fence skills (ASDS) during their work, for instance, when 
a person aggressively insults an officer, resists arrest or 
starts fighting. In preparation for such situations, regular 
police officers (basic police function) in the Netherlands 
train a fixed set of ASDS and they have to pass an ASDS 
exam each year (cf. Nieuwenhuys et al. 2009). Besides 
the yearly exam, officers generally receive two or three 
practice days (including theory, handgun shooting, ASDS 
training) resulting in about four to six hours of ASDS train-
ing per year (see Timmer and Pronk 2011 for comparable 
situations in other EU countries).

Despite the limited time for training, officers are 
expected to act adequately and at the same time reason-
ably and moderately in all violent situations. Examples 
of officers’ actions in violent situations are controlling 
and arresting a non-cooperating suspect, or adequately 
repelling a physical attack. The concerning officers are only 
allowed to use proportional force and the arrest should 
be performed with minimal damage to officer, colleagues 

and/or suspect. Performing as such while having limited 
training possibilities is even more difficult as officers 
often experience anxiety during violence (Anderson, 
Litzenberger, and Plecas 2002). Anxiety has been demon-
strated to have a negative influence on ASDS performance 
(cf. Renden et al. 2014, Renden, Landman et al., 2015, 
Renden, Nieuwenhuys et al., 2015). In short, the limited 
time for training and the difficulty of performing under 
anxiety put a strain on officers’ ability to perform well 
in violent situations (Nieuwenhuys and Oudejans 2012; 
Ericsson 2014). In fact, Timmer and Visser (2014) state that 
when performing in violent situations, officers frequently 
have difficulties to act structurally as they can hardly rely 
on well-trained procedures. This was confirmed by a survey 
distributed among over 900 officers, in which the officers 
reported that they lack sufficient training in frequency and 
content (Renden, Nieuwenhuys et al., 2015).

Therefore, we aimed to investigate whether an alter-
native training approach can improve police officers’ per-
formance in arrest situations within the limited available 
training time. Recently, researchers have proposed that 
besides just more training, more reality-based training 
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it might be more effective to teach officers skills of which 
the movements are more compatible with human primary 
responses to threat and anxiety. It has been shown that anx-
iety increases amygdala activation (emotion centre in the 
brain), which at the same time decreases prefrontal control 
mechanisms (Bishop, Duncan, Brett and Lawrence 2004; 
Bishop, Duncan, and Lawrence 2004). When the amygdala 
detects the presence of an environmental threat, its output 
could lead to initiations of stress responses such as flinch-
ing (Blanchard and Blanchard 1969; Fendt and Fanselow 
1999). The decrease of prefrontal control in combination 
with activation of primary reflexes makes it more difficult 
to perform skills consisting of series of actions such as the 
currently taught control techniques during ASDS training.

Skills that are compatible with primary reflexes are pre-
sumably controlled at lower levels of the central nervous 
system and therefore more robust to performance break-
down due to anxiety (see Bernstein 1996; Beek 2000 for 
a theoretical account supporting this suggestion). One of 
the primary gross motor reflexes that almost always occurs 
when people encounter sudden threatening events is the 
flinch response (Figure 1). The flinch is a highly reliable 
reflex-like response that could function as an effective 
protection mechanism (Cobb and Pincus 2003). As such, 
it may form a more suitable basis for performing arrest and 
self-defence skills on duty than the current set of ASDS.

The aim of this study was to investigate the effects of 
reflex-based self-defence training on police performance 
in simulated arrest situations. A training methodology that 
works with reflex-based self-defence skills is the training 
methodology of FIRST™ (Functional Intuitive Replication 
Scenario Training). The methodology of FIRST covers ver-
bal, physical and armed aggression and focuses on train-
ing complete situations (which includes earlier mentioned 
competencies: ‘reading’ a certain situation, communicating 
clearly and assertively, recognising and anticipating on 
signals of potential aggression and possibly an imminent 
attack). Participants learn to analyse situations and pick 
up cues that may indicate danger. In that way, they learn 
to act goal directed at an early stage and to anticipate on 

is necessary (Renden, Nieuwenhuys et al. 2015). Reality-
based training concerns scenarios that are not identical 
to work on duty but approach reality as much as possible 
enforcing behaviour that is representative of actual behav-
iour and involves genuinely acting in a complex situation 
(in contrast to execution of isolated skills performed out 
of context). Previous research has shown that more train-
ing experience (i.e. officers practised martial arts in their 
leisure time) results in better performance, but also that 
negative effects of anxiety are difficult to prevent by more 
training only (Renden, Landman et al. 2015). Training in 
reality-based scenarios, especially with increased levels of 
threat and anxiety, has been shown to hold much promise 
in improving performance under pressure in discrete far 
aiming tasks such as handgun shooting (Nieuwenhuys and 
Oudejans 2011; Oudejans 2008; see also Oudejans and 
Pijpers 2009, 2010, for examples in dart throwing and bas-
ketball shooting). The questions that arise are whether and 
how ASDS performance under pressure can be increased 
with specifically designed reality-based practice.

In search for a more reality-based ASDS training 
approach, this paper deals with two weaknesses of the 
current ASDS training policy: (a) skills are almost exclu-
sively trained in relative isolation rather than in complete 
reality-based scenarios, and (b) skills taught are only 
moderately applicable in reality-based scenarios. On 
duty, ASDS are never performed in isolation but mostly in 
complex threatening situations in a sequence of actions 
leading to, for instance, the arrest of a suspect (Renden et 
al. forthcoming). Still, current ASDS training mostly focuses 
on the execution of certain isolated police skills, such as 
punching, kicking and performing control techniques. 
However, Pinder, Headrick, and Oudejans (2015) argue 
that the isolation of specific behavioural components in 
training could lead to behaviour that is not representa-
tive of actual behaviour in ‘real situations’. In fact, skills as 
‘reading’ a certain situation, communicating clearly and 
assertively, recognising and anticipating on signals of 
potential aggression and possibly an imminent attack are 
barely addressed during police training. Still, input from 
police instructors made clear that officers are expected 
to possess these skills as these are of crucial importance 
on duty.

Furthermore, the current ASDS, such as punching and 
kicking, but also the more complex control techniques, 
find their origin in combat sports where they are well-
learned and rehearsed over and over again. However, 
they may be less suitable for police officers who lack the 
time to sufficiently practise these skills. ASDS are often 
not well-learned and only acquired on the basis of limited 
training, making them quite vulnerable to performance 
breakdown under pressure and anxiety during violent situ-
ations (cf. Nibbeling, Oudejans, and Daanen 2012). Instead, Figure 1. A flinch response.
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potential danger. If an attack occurs, participants are better 
prepared to react. For effective reactions, they are taught 
to convert their primary reflexes into tactical responses 
(see assumptions from above-mentioned literature: e.g. 
Bernstein 1996; Bishop, Duncan, Brett, and Lawrence 2004; 
Cobb and Pincus 2003). It is important to point out that 
our general interest lies in the effect of reflex-based self-
defence training in general, not specifically in the effect 
of a FIRST training.

To investigate our aim, and using a crossover design, 
police officers received a FIRST training as well as a control 
training in the form of a regular ASDS training. It is impor-
tant to note that the FIRST and ASDS training differed in 
several regards and were experimentally not well compa-
rable. However, the aim of this study was not to compare 
the two trainings, but to examine the effect of reflex-based 
self-defence training in comparison with the current train-
ing policy. The ASDS training was therefore used as con-
trol training. To examine the effect of both trainings, we 
choose to test how well officers could arrest an assailant in 
a series of reality-based scenarios involving different types 
of aggression, rather than testing ASDS skills in isolation, 
which normally happens during regular ASDS exams.

We expected that the FIRST training would positively 
influence officers’ performance because (a) they trained 
several important aspects of arrest situations (and not 
isolated skills) and (b) the taught skills are more compat-
ible with primary reflexes and therefore expected to be 
more robust to performance breakdown due to anxiety. 
We expected no effect of the ASDS training on perfor-
mance because (a) of the above-mentioned weaknesses 
of the current training methodology, (b) the less efficient 
ASDS performances of officers in threatening situations 
in previous experiments (e.g. Renden et al. 2014; Renden, 
Landman et al. 2015), and (c) because officers are familiar 
with regular ASDS training (they do not learn anything 
new, this is what they normally train).

2.  Method

2.1.  Participants

Twelve participants participated in the experiment. Due 
to injury (unrelated to this study), 11 participants finished 
the experiment. Participants were randomly divided into 
two groups. Six participants (FIRST/ASDS group: 5 men, 
1 woman; M age = 38.8, SD = 9.1; M years in service with 
police  =  16.6, SD  =  9.4) received the FIRST training first 
and later the ASDS training. Five participants (ASDS/
FIRST group: 3 men, 2 women; M age  =  38.8, SD  =  9.1; 
M years in service with police = 16.6, SD = 9.4) received 
the ASDS training first and later the FIRST training. To rule 
out that participants were generally more anxious than 

average (personality trait) which could bias our findings, 
the Dutch version of the A-trait Scale of the State-Trait 
Anxiety Inventory was used to assess participants’ trait 
anxiety (with Cronbach’s α‘s around .90 and test–retest 
correlations between .75 and .92, Van der Ploeg, Defares, 
and Spielberger 1980). The A-trait Scale contains 20 ques-
tions about how participants generally feel. Participants’ 
trait anxiety scores (FIRST/ASDS: M = 34.0, SD = 3.4, ASDS/
FIRST: M = 28.0, SD = 5.0) were significantly lower than the 
norm (i.e. 36.7; t = 22.4; p < .001, t = 13.7, p < .001; Van der 
Ploeg, Defares, and Spielberger 1980) indicating that the 
participants had no extraordinary tendency to respond to 
threatening situations with an elevation in state anxiety. 
Participants provided written informed consent prior to 
participation, and the experiment was approved by the 
ethics committee of the research institute.

2.2.  Design

We used a 2 (group) × 3 (test) crossover design. Participants 
first performed in the Pre-test. Subsequently, they received 
their first training (FIRST or ASDS), performed Post-test 1, 
received their second training, and performed Post-test 
2. To not further increase the already large time invest-
ment by the participants, the Pre-test and the first train-
ing were sometimes performed on the same day, as were 
Post-test 1 and the second training. However, tests after 
a training were never performed on the same day as the 
training. The average number of days between training 
and the later tests was 4.8 days (SD = 2.8) and similar for 
both groups (FIRST/ASDS: M = 4.8, SD = 2.7; ASDS/FIRST: 
M = 4.8, SD = 3.0; t(9) = 0.1, p = .97.

2.3.  Materials and experimental set-up

2.3.1.  Test sessions
In developing the test sessions, we aimed to develop a 
representative research design, meaning that the test 
situation sufficiently replicates situations on duty (cf. 
Dicks, Button, and Davids 2010; Pinder et al. 2011; Pinder, 
Headrick, and Oudejans 2015), but also contained suffi-
cient experimental control to compare the three test ses-
sions (Pre-test, Post-test 1, Post-test 2). First, an important 
key factor in replicating work on duty was to increase the 
level of threat to such degree that participants had to 
perform while they experienced a high level of anxiety. 
Second, the scenarios were located in a ‘practice street’ 
(with a bar, a home, parked cars, etc.) at a police training 
centre to increase officers’ perception of acting in ‘real’ sit-
uations. Third, officers did not receive specific instructions 
about what to do, but just a short briefing similar to what 
they could expect during work. Fourth, participants were 
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to come with the participant, but he refused. Instead, he 
attacked the participant with a tackle on the body.

2.3.2.  Training sessions
In Training 1, participants received a FIRST training or ASDS 
training. This was reversed in Training 2. Both trainings 
lasted 90 min. The ASDS training was done in a training 
room and consisted of practising the skills that are tested 
each year in the ASDS exam, including kick and punch 
exercises on a foam strike field, different control exercises 
and handcuff exercises with different levels of resistance, 
transition from pepper spray to handgun and effective use 
of pepper spray and handgun.

The FIRST training consisted of a meeting in a class-
room and physical exercises in a training room. In the class-
room, the trainer explained how citizens’ behaviour could 
be analysed. Two video fragments of real situations were 
used to analyse behaviour in order to make participants 
aware that when they address the suspect’s behaviour at 
an early stage (e.g. raising voice, grasp an object, putting 
away an object, making gestures), they might de-escalate 
the situation. Furthermore, the trainer explained the flinch 
response, how the body reacts in so-called ‘ambush situ-
ations’ and how it can be used effectively during violent 
situations.

For example, the primary response to a physical attack 
is to protect the face with the arms up (elbows bent) and 
to push away the danger. Participants were taught, if they 
sensed that the situation could get dangerous, to move 
towards the suspect (to decrease his movement space) 
and to keep their hands between them and the suspect 
so that their flinch response could be used as effectively as 
possible in case of an attack. As a follow-up, participants 
were taught to keep their fingers spread (as that gener-
ates most power) and to use pushing force towards a wall, 
car, chair or floor, depending on the scenario. In case of a 
knife attack, the primary response is to move the body 
away from the knife and to hit the arm (holding the knife) 
away. Participants were taught to ‘let that happen’ and as 
a follow-up to grab the arm of the suspect, and to counter 
the attack by pushing the suspect towards, for instance, 
a wall or the floor, or to take their handgun and fire. The 
same principle was used for an attack with a handgun. 
These routines were trained during the physical exercises 
(more detailed information about the given FIRST training 
can be obtained from the authors).

Please note that this experiment focused on situations 
in which an officer received a call and approached a (pos-
sible) suspect. Their conversation could possibly build up 
towards aggression and an attack. In such situations, when 
an officer senses that it could get dangerous, moving for-
ward is most of the times an effective approach. Other 

instructed to act as they would on duty (they were also 
dressed as usual and they had their regular police train-
ing tools with them). Different from actual work situations 
was that officers always acted alone, which was decided to 
keep sufficient experimental control. During work, officers 
can act alone, in pairs or in teams. However, the influence 
of duo or team interactions on police performance in 
stressful situations lies outside the scope of this study, but 
remains an interesting topic for future research.

In this study, participants performed in six different 
settings in each test session: ‘passive aggressive’, ‘push-
ing’, ‘push and swing’, ‘tackle on the body’, ‘knife attack’ 
(Shocknife®; length: 283 mm), ‘handgun attack’ (dummy 
handgun Walther P99Q-NL; 180  mm  ×  135  mm). We 
worked with these six different settings to make sure that 
participants did not know what to expect, to work with 
several possible attacks, and to increase statistical power 
for analyses afterwards. In the passive aggressive scenar-
ios, the suspect behaved verbally aggressive and indicated 
that he did not want to cooperate. The participant had to 
physically control and handcuff the suspect. In the pushing 
scenarios, the suspect was also physically aggressive. He 
kept pushing until the participant had physical control and 
handcuffed him.

In the scenarios with a push and swing and with a tackle 
on the body, there first was a conversation between par-
ticipant and suspect. Then, at a certain point, the suspect 
initiated the attack. The participant had to anticipate the 
attack and physically control the suspect. The scenarios 
with an armed attack (knife or handgun) were similar, but 
instead of a physical attack, the suspect used a weapon for 
the attack. The participant had to act such that the danger 
was undone as soon as possible.

The scenarios in the test sessions were built around 
the six settings. An instructor with much experience in 
designing reality-based scenarios during his job designed 
the scenarios. This instructor regularly uses these scenar-
ios in training settings (e.g. domestic violence, shoplifter, 
drunken driver), as these are believed to frequently appear 
during police work. Briefings with participants after the 
experiment confirmed that. Thus, although the scenarios 
were different in each test session, the six settings were 
always the same (order was randomised). As an example, 
in the scenarios with a tackle on the body, the suspect sat 
on a chair. In the Pre-test, the suspect sat on a chair in a 
bar, was drunk and refused to leave, even though it was 
closing time. In Post-test 1, the suspect sat in his car and 
he was requested to come to the police station for further 
alcohol testing. In Post-test 2, the suspect sat on a chair in 
a room of a super market and was picked up by an officer 
for shoplifting. In all three scenarios, there was a discussion 
between participant and suspect. The suspect was ordered 



Ergonomics    673

Furthermore, performance was assessed on several other 
variables (see below). Therefore, the scenarios were 
divided in a pre-contact phase (before there was physical 
contact with the suspect) and a contact phase. In addi-
tion, a number of technique variables in the contact phase 
were assessed. Instructors in the Netherlands often use 
the here-assessed variables to assess police performance.

As a reliability check, two police instructors (unrelated 
to the experiment and to the FIRST methodology, but 
also experienced in assessing reality-based scenarios) 
also assessed performance on all variables for 30 scenar-
ios. We made sure that each participant was represented 
and that the Pre-test, Post-test 1 and Post-test 2 as well 
as the six scenarios were equally distributed. Inter-rater 
reliability was assessed using Kendall’s W showing a satis-
factory inter-rater reliability for overall performance, W(29) 
= .70 (Van Rossum and Gagné 1994). In addition, average 
Kendall’s W was .64 for the variables in the pre-contact 
phase (range: .52–.79), .66 for the variables in the con-
tact-phase1 (range: .55–.82) and .74 for the technique var-
iables (range: .67–.82).

2.4.3.1.  Pre-contact phase.  Communication. The 
participant communicated what he or she wanted from 
the suspect and what the suspect was allowed and not 
allowed to do.

Alertness. The participant showed to be aware of poten-
tial risks (by communications and/or actions) and showed 
to be aware of behavioural signals of potential aggression 
from the suspect.

Assertiveness. The participant established boundaries in 
what he or she accepted from the suspect and followed 
up warnings with actual behaviour.

Active posture. The participant showed an active pos-
ture; he or she was ready to intervene if necessary and 
displayed that.

Positioning. The participant moved forward when pos-
sible and kept distance when necessary (for example to 
oversee the situation).

2.4.3.2.  Contact phase.  Communication. The 
participant gave clear comments (what the suspect had 
to do and could not do) during the physical confrontation.

Resolution. The participant showed determination in his 
or her actions (no hesitations).

Proportionality. The participant used force in proportion 
to the behaviour of the suspect.

Scan area. The participant scanned the area dur-
ing the physical confrontation to remain aware of the 
surroundings.

Control before handcuffing. The participant had control 
over the suspect before he or she started handcuffing.

situations might need another approach. For instance, as 
an officer receives a call with the information that a suspect 
walks around with a knife, it is best to keep a safe distance.

2.4.  Dependent variables

2.4.1.  Evaluation of training
To rule out that participants’ appreciation for one train-
ing differed from the other and could therefore confound 
performance scores, participants rated both trainings on 
entertainment, usefulness and applicability on duty on a 
five-point Likert scale. A higher score on the scale indicates 
more entertainment, usefulness or applicability on duty.

2.4.2.  Anxiety
To check whether participants experienced the scenar-
ios as threatening, we assessed participants’ subjective 
ratings of anxiety and mental effort after each scenario 
by using two visual-analogue scales: an anxiety scale (i.e. 
‘the anxiety thermometer’, Houtman and Bakker 1989) and 
the Rating Scale for Mental Effort [RSME] (Zijlstra 1993). 
As state anxiety is just one variable, many studies have 
also used the anxiety-related variables ‘mental effort’ and 
‘average heart rate’ as indications of participants’ anxiety 
level. In this study, we also measured mental effort but 
heart rate was excluded because physical activity was too 
much a confounding factor. Both scales have good psy-
chometric properties (anxiety thermometer: test–retest 
correlations between .60 and .78, RSME: test–retest cor-
relations between .71 and .81) and were used in earlier 
ASDS experiments (e.g. Nieuwenhuys et al. 2009; Renden 
et al. 2014).

2.4.3.  Performance
Nieuwenhuys et al. (2009) have developed a five-point 
Likert scale to assess ASDS performance. The authors 
reported sufficient reliability (Cohen’s Kappa [Kw] of .57, 
which represents good test–retest agreement [minimum 
should be > .40]) and good ecological and concurrent valid-
ity. In this study, an experienced assessor (of reality-based 
scenarios) used this scale to assess performance, which he 
did on the basis of video recordings of the test sessions. 
Two experimenters had both operated a digital camera to 
make sure that the scenarios were well visible from differ-
ent angles. The assessor was able to use the images of both 
cameras as often as he wanted until he was satisfied with 
the score. The videos were randomly presented.

For the variable ‘overall performance’, he received the 
basic instruction, ‘when you assess the total situation, what 
grade, from 1 to 5, would you give the performance of the 
participant, with 1 being the lowest and 5 the highest’. 
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2.6.  Data analysis

To compare how participants evaluated the FIRST and 
ASDS training, we performed paired sample t-tests. Effect 
sizes were calculated using Cohen’s d with 0.2 or less, 
about 0.5, and 0.8 or more, representing small, moderate 
and large effects, respectively (Cohen 1988). To assess the 
effects of both trainings on anxiety and performance, we 
performed full crossover design 2 (Group: FIRST/ASDS, 
ASDS/FIRST) x 3 (Test: Pre, Post-test 1, Post-test 2) mixed 
design ANOVAs with repeated measures, with Group as the 
between-subjects factor and Test and the within subjects 
factor. Yet, we also performed 2 (Training: FIRST, ASDS) × 2 
(Test: pre, post) repeated measures ANOVAs collapsing the 
data across training groups. Both types of analyses yielded 
the same pattern of results. Therefore, and for the sake of 
clarity, we only report the statistics for the latter analyses 
in the results section (original means and standard devia-
tions of the groups during the three tests are presented in 
Appendix 1). The alpha level for significance was set at .05. 
Effect sizes were calculated using Cohen’s ƒ with 0.2 or less, 
about 0.3 and 0.4 or more, representing small, moderate 
and large effects, respectively (Cohen 1988).

3.  Results

3.1.  Evaluation of training

Participants rated both trainings above 4 on entertainment 
(M FIRST = 4.2, SD = 0.4; M ASDS = 4.1, SD = 0.5), useful-
ness (M FIRST = 4.8, SD = 0.4; M ASDS = 4.4, SD = 0.7) and 
applicability on duty (M FIRST = 4.5, SD = 0.7; M ASDS = 4.2, 
SD = 0.8), but the FIRST training scored significantly higher 
on entertainment and nearly so on usefulness, t(10) = 3.7, 
p < .01, d = 1.6, t = 2.2, p = .053. There was no significant 
difference on applicability on duty, t = 1.4, p = .19. These 
results indicate that participants considered both trainings 
as entertaining, useful and applicable on duty.

3.2.  Anxiety

The average anxiety scores (FIRST: M pre = 5.2, SD = 2.2, 
M post  =  4.4, SD  =  1.9; ASDS: M pre  =  5.2, SD  =  2.3, M 
post = 5.1, SD = 2.4) showed that anxiety scores were rela-
tively high (see Renden et al. 2014 for comparable scores in 
high anxiety scenarios), indicating that participants experi-
enced the scenarios as threatening. Average anxiety scores 
ranged from 3.5 (SD  =  2.0) in ‘passive aggressive’ to 6.3 
(SD = 2.9) in ‘handgun attack’.

The 2 (Training) × 2 (Test) ANOVA on anxiety scores 
revealed no significant main effect for training, F(1,10) = 
2.6, p = .14, but it did for test, F(1,10) = 6.2, p < .05, ƒ = 0.8. 
Anxiety scores were significantly lower in the post-test 
than in the pre-test, 95% CI [0.1, 0.8], although scores 

2.4.3.3.  Technique variables.  We originally aimed to 
assess all the used skills separately, but despite the ASDS 
training, most physical ASDS skills that were taught were 
only minimally reproduced in the reality-based scenarios, 
and consequently not analysed. Therefore, we choose to 
assess skills and technique variables that were used in the 
scenarios, including the more general variables such as 
direction of force. Also, we were particularly interested in 
whether participants in the reality-based scenarios were 
able to convert the flinch response in effective responses 
as was taught in the FIRST training. As this was often the 
case, it was included as a separate variable.

Use of flinch response. The participant effectively used 
the flinch response as explained earlier in the ‘Training 
session’ section (when appropriate).

Extension power. The participants used extension power 
(pushing).

Flexion power. The participant used flexion power 
(pulling).

Effectiveness verbal skills. The participant communicated 
clearly and assertively (as explained above).

Effectiveness physical skills. The participant repelled an 
attack (if necessary) and gained control over the suspect.

Effectiveness response against an armed attack. The par-
ticipant repelled an attack and gained control over the 
suspect.

2.5.  Procedure

2.5.1.  Test sessions
Before the Pre-test, participants received general infor-
mation about the test sessions; that they would receive 
a number of police alerts and that they had to follow-up 
on these. Before each test session, participants received 
practice pepper spray, practice handcuffs and a dummy 
handgun. Then, they performed the six scenarios. After 
each scenario, participants rated their perceived anxiety 
and mental effort.

2.5.2.  Training sessions
Based on the availability of the participants, it was impos-
sible to arrange one training session for all the participants 
of one group. Therefore, training sessions involved two to 
four participants and one instructor who also acted as a 
suspect when participants practised their skills. As in the 
test sessions, the instructor was instructed to act similarly 
in all training sessions. His behaviour was comparable with 
behaviour of instructors in regular police training; a mix of 
explaining and cooperating (while explaining and teach-
ing the skills) and a little more aggressive in some of the 
training exercises. After each training session, participants 
separately assessed training on entertainment, usefulness 
and applicability on duty.



Ergonomics    675

3.3.2.  Pre-contact phase
Statistical analyses on the variables in the pre-contact 
phase showed significant interaction effects for all varia-
bles (see Table 2). Post-hoc pairwise comparisons showed 
that for the FIRST training, performance scores for com-
munication, alertness, assertiveness, active posture and 
positioning were significantly higher in the post-test than 
in the pre-test, p < .001, 95% CI [0.4, 1.0], p < .001, 95% CI 
[0.9, 1.6], p < .01, 95% CI [0.6, 1.6], p < .001, 95% CI [0.8, 1.5], 
p < .001, 95% CI [0.9, 1.7]. Examples of improved perfor-
mance were: more goal-driven communication towards 
the suspect (e.g. what he or she wanted from the suspect, 
what the suspect was allowed and not allowed to do), 
visible anticipation on signals of potential danger (e.g. 
when an attack was imminent participants immediately 
moved forward [rather than backing up] to limit the sus-
pect’s movement space), immediate follow-up of warnings 
(instead of warning again).

For the ASDS training, there were no significant dif-
ferences between pre- and post-test for communication, 
alertness, assertiveness and active posture, p = .92, p = .85, 
p =  .81, p =  .24. Yet, performance scores for positioning 
were significantly higher in the post-test than in the pre-
test, p < .05, 95% CI [0.1, 0.4].

3.3.3.  Contact phase
Statistical analyses on the variables in the contact phase 
showed significant interaction effects for all variables 
(nearly significant for proportionality: p =  .06). Post-hoc 
pairwise comparisons showed that for the FIRST training, 
performance scores for communication, resolution, pro-
portionality, scan area and control before handcuffing 
were significantly higher in the post-test than in the pre-
test, p < .001, 95% CI [0.9, 1.5], p < .001, 95% CI [0.5, 1.1], 
p < .01, 95% CI [0.1, 0.5], p < .01, 95% CI [0.2, 0.7], p < .01, 
95% CI [0.4, 1.3]. Examples of improved performance were: 
more goal-driven comments (instead of ‘don’t do this’, ‘do 
that’), fewer hesitations in physical actions, better adjust-
ments of used force in proportion to the threat by the 
suspect (more resolute or not too much force, depending 
on the situation).

For the ASDS training, there were no significant dif-
ferences between pre- and post-test for communication, 
proportionality, scan area and control before handcuffing, 
p = .19, p = .64, p = .50, p = .30. Yet, performance scores for 
resolution were significantly higher in the post-test than 
in the pre-test, p < .05, 95% CI [0.0, 0.4].

3.3.4.  Technique variables
Statistical analyses on the technique variables showed 
significant interaction effects for all variables. Post-hoc 
pairwise comparisons showed that for the FIRST training, 

remained relatively high (see previous paragraph). There 
was no significant interaction, F(1,10) = 2.1, p = .18.

The 2 (Training) × 2 (Test) ANOVA on RSME scores 
revealed no significant main effects for training or test, 
F(1,10) = 1.6, p = .23, F(1,10) = 0.5, p = .50. There was also 
no significant interaction, F(1,10) = 2.4, p = .15.

3.3.  Performance

As discussed earlier, results below are obtained from 2 
(Training: FIRST, ASDS) × 2 (Test: pre, post) repeated meas-
ures ANOVAs. Average scores per group and test, according 
to the full crossover design, are presented in Appendix 1.

3.3.1.  Overall performance
The 2 (Training) × 2 (Test) ANOVA revealed no significant 
main effect for training, F(1,10) = 0.1, p =  .81, but it did 
for test, F(1,10) = 162.6, p < .001, ƒ = 4.0. There was also a 
significant interaction between training and test, F(1,10) 
= 121.8, p < .001, ƒ = 3.4. Post-hoc pairwise comparisons 
showed that for the FIRST training, performance scores 
were significantly higher in the post-test than in the pre-
test, p < .001, 95% CI [1.3, 1.8] (see Table 1). For the ASDS 
training, there were no significant differences between 
pre- and post-test, p = .85.

For reasons of readability, and because the separate var-
iables follow the trend of overall performance, we present 
full statistics per variable in Table 2. Below we discuss the 
results and implications.

Table 1. Mean differences in anxiety score (on scale 0–10), men-
tal effort score (on scale 0–150) and performance scores (on scale 
1–5) between pre- and post-tests.

FIRST ASDS
Anxiety
Anxiety score −0.7 (1.0)* −0.1 (0.8)
Mental effort score −0.5 (1.1) 0.4 (0.9)
Performance
Overall performance 1.6 (0.4)*** 0.0 (0.3)
Pre-contact phase
Communication 0.7 (0.4)*** 0.0 (0.4)
Alertness 1.3 (0.5)*** 0.0 (0.2)
Assertiveness 1.1 (0.7)** 0.0 (0.4)
Active posture 1.2 (0.6)*** −0.1 (0.2)
Positioning 1.3 (0.6)*** 0.3 (0.3)*
Contact phase
Communication 1.2 (0.5)*** −0.2 (0.4)
Resolution 0.8 (0.5)*** 0.2 (0.3)*
Proportionality 0.3 (0.3)** 0.0 (0.3)
Scan area 0.5 (0.4)** −0.1 (0.3)
Control before handcuffing 0.9 (0.7)** −0.3 (0.7)
Technique variables
Use of flinch response 2.2 (0.7)*** 0.0 (0.5)
Extension power 1.0 (0.9)** 0.2 (0.5)
Flexion power −1.0 (0.7)** 0.5 (0.8)
Effectiveness verbal skills 0.7 (0.4)*** 0.0 (0.4)
Effectiveness physical skills 1.7 (0.6)*** −0.1 (0.4)
Effectiveness response against an 

armed attack
2.6 (1.1)*** 0.1 (0.7)

*p < .05, **p < .01, ***p < .001.
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both trainings, results showed improved performance 
after the reflex-based training, while there was no such 
effect after the regular police training. The FIRST training 
resulted in improved overall performance, which was also 
visible in communication, situational awareness (alertness, 
scanning area), assertiveness, active posture, positioning, 
resolution, proportionality, control and converting flinch 
responses into tactical movements. Moreover, though not 
reported in the results section, original analyses using the 
full crossover design revealed that the effect of the FIRST 
training was at least maintained from Post-test 1 to Post-
test 2 for the FIRST/ASDS group (see Appendix 1). In short, 
it seems that reflex-based self-defence training, even one 
session, can already improve arrest and self-defence skills 
of officers in threatening arrest situations.

Improved performance seems to be caused by two 
main factors: (a) in the FIRST training there was also atten-
tion to signals and events before physical contact, and (b) 
the FIRST training focused on continuing the action after 
and from the inevitable occurrence of primary reflexes 
whereby used skills are more effective under threat and 
anxiety. Furthermore, these two factors were closely 
related as officers already positioned themselves in such 
a way that primary reflexes could be used effectively (if 
necessary). By training in this way, officers could act with 
a systematic approach from the start of any situation. 
As this is different from regular ASDS training in which 
officers mostly train physical skills in isolation, it is not 
surprising that improved performance was highly visible 
in the pre-contact phase, and that better performance in 
the pre-contact phase seemed to affect performance dur-
ing the contact phase. Furthermore, as the taught skills in 
the FIRST training were not trained in isolation (cf. Pinder, 
Headrick, and Oudejans 2015) and were better adjusted 
to primary reflexes, officers were better able to repel an 

participants were better able to effectively use the flinch 
response as tactical arrest and self-defence movements 
in the post-test than in the pre-test, p < .001, 95% CI [1.7, 
2.7]. For the ASDS training, there were no significant dif-
ferences between pre- and post-test, p = .95. Furthermore, 
the FIRST training also had an effect on directions of used 
force: participants made significantly more use of exten-
sion power (considered to be more effective) and less use 
of flexion power (considered to be less effective) in the 
post-test than in the pre-test, p  <  .01, 95% CI [0.4, 1.6], 
p < .01, 95% CI [−0.5, −1.4]. For the ASDS training, there 
were no significant differences between pre- and post-test, 
p = .26, p = .055. Finally, post hoc pairwise comparisons for 
the FIRST training also showed significant higher scores in 
the post-test than in the pre-test for effectiveness of verbal 
skills, physical skills and response against an armed attack, 
p < .001, 95% CI [0.5, 1.0], p < .001, 95% CI [1.3, 2.1], p < .001, 
95% CI [1.9, 3.3]. The results suggest that effectiveness in 
verbally taking control of the situation, repelling attacks 
and gaining control improved after the FIRST training. For 
the ASDS training, there were no significant differences 
between pre- and post-test, p = .76, p = .33, p = .52.

4.  Discussion

In search for a more reality-based arrest and self-defence 
skill training approach, we investigated the effects of 
reflex-based self-defence training on police performance 
in high-pressure arrest situations. In a crossover design, 
police officers received a training in which they learned to 
use primary reflexes as effective self-defence skills (FIRST 
training) and a control training (regular ASDS training). 
Officers’ performance was tested on several variables in 
six reality-based scenarios before and after each training 
intervention. Even though participants were satisfied with 

Table 2. Statistics of the 2 (Training: FIRST, ASDS) × 2 (Test: pre, post) ANOVAs per variable.

Training Test Training × Test interaction
Pre-contact phase
Communication F(1,10) = 0.8, p = .40 F(1,10) = 25.0, p < .01, ƒ = 1.6 F(1,10) = 13.1, p < .01, ƒ = 1.2
Alertness F(1,10) = 0.2, p = .66 F(1,10) = 57.4, p < .001, ƒ = 2.4 F(1,10) = 48.0, p < .001, ƒ = 2.2
Assertiveness F(1,10) < 0.1, p = .88 F(1,10) = 24.5, p < .01, ƒ = 1.6 F(1,10) = 13.4, p < .01, ƒ = 1.2
Active posture F(1,10) < 0.1, p = .97 F(1,10) = 49.0, p < .001, ƒ = 2.2 F(1,10) = 37.1, p < .001, ƒ = 1.9
Positioning F(1,10) < 0.1, p = .91 F(1,10) = 128.3, p < .001, ƒ = 3.6 F(1,10) = 16.5, p < .01, ƒ = 1.3
Contact phase
Communication F(1,10) = 0.6, p = .45 F(1,10) = 31.9, p < .001, ƒ = 1.8 F(1,10) = 50.7, p < .001, ƒ = 2.3
Resolution F(1,10) < 0.1, p = .98 F(1,10) = 46.8, p < .001, ƒ = 2.1 F(1,10) = 10.6, p < .01, ƒ = 1.0
Proportionality F(1,10) = 0.3, p = .57 F(1,10) = 7.7, p < .05, ƒ = 0.9 F(1,10) = 4.5, p = .06, ƒ = 0.7
Scan area F(1,10) = 0.9, p = .40 F(1,10) = 9.2, p < .01, ƒ = 1.0 F(1,10) = 15.0, p < .01, ƒ = 1.2
Control before handcuffing F(1,10) = 0.2, p = .71 F(1,10) = 13.5, p < .01, ƒ = 1.2 F(1,10) = 7.4, p < .05, ƒ = 1.0
Technique variables
Use of flinch response F(1,10) < 0.1, p = .93 F(1,10) = 154.7, p < .001, ƒ = 4.0 F(1,10) = 45.7, p < .001, ƒ = 2.1
Extension power F(1,10) < 0.1, p = .99 F(1,10) = 14.1, p < .01, ƒ = 1.2 F(1,10) = 9.8, p < .05, ƒ = 1.0
Flexion power F(1,10) = 0.1, p = .74 F(1,10) = 2.3, p = .16 F(1,10) = 16.2, p < .01, ƒ = 1.3
Effectiveness verbal skills F(1,10) = 0.2, p = .66 F(1,10) = 19.5, p < .01, ƒ = 1.4 F(1,10) = 19.4, p < .01, ƒ = 1.4
Effectiveness physical skills F(1,10) < 0.1, p = .99 F(1,10) = 87.5, p < .001, ƒ = 3.0 F(1,10) = 59.2, p < .001, ƒ = 2.5
Effectiveness response against an armed attack F(1,10) = 0.3, p = .60 F(1,10) = 69.4, p < .001, ƒ = 2.6 F(1,10) = 36.2, p < .001, ƒ = 1.9
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needs a follow-up with a larger sample size perhaps with 
officers with different levels of experience with violence 
(in work, training or leisure time; Renden, Nieuwenhuys 
et al. 2015). A follow-up study also needs to determine 
the long-term effect of the FIRST training as well as the 
effects of multiple training sessions (participants in this 
study were trained in basic components of the FIRST pro-
gramme; the training in this study did not concern the 
total concept). Still, that we found such positive effects of 
the FIRST training despite the small sample size and that 
participants in the FIRST/ASDS group maintained perfor-
mance in the second post-test is promising, especially as 
officers’ behaviour already improved after only one training 
session. Furthermore, one participant has indicated that 
she was able to repel a sudden attack during work using 
the skills she had learned in this study. When she took off 
the handcuffs of a suspect at a police station, the suspect 
immediately went for an attack. As the officer had learned 
to detect signals of a possible attack, she replied that she 
saw the attack coming in ‘slow motion’. Using the flinch as a 
tactical response, she was able to repel the attack and con-
trol the suspect. This means that it is feasible to implement 
this form of training in the current training policy, ideally 
already at the police academy (training police recruits).

To summarise, we found that officers’ performance 
improved after a reflex-based self-defence training while 
performance remained similar after a regular ASDS train-
ing. Improved performance was accompanied by better 
communication, situational awareness (alertness, scanning 
area), assertiveness, resolution, proportionality, control, 
and converting flinch responses into tactical movements. 
By using their actions before physical contact for de-esca-
lation but also for anticipation on possible attacks, and by 
using skills that are compatible with primary reflexes for 
repelling attacks and gaining control of a suspect, officers 
were better able to perform effectively despite the high 
levels of anxiety. Therefore, our results seem to suggest 
that reflex-based self-defence training better prepares 
officers for performing in high-pressure arrest situations 
than the regular ASDS training.

Note

1. � For proportionality, the scores for these 30 situations 
was mostly 5, which resulted in too many ties (26 5’s per 
rater) to calculate a reliable Kendall’s W.
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attack and control the suspect. Therefore, it seems that 
police arrest and self-defence skill training could benefit 
from training with such an approach.

To achieve better performance in an early stage of a sit-
uation, recognising signals of a possible attack was a main 
topic in the FIRST training. When officers perceive such 
signals (e.g. an officer gives a suspect a speeding ticket 
and that person starts to behave aggressively), they may 
anticipate the attack with directive communication (tell-
ing what the suspect can and cannot do), moving forward 
(with the aim to decrease the suspect’s moving space to 
perform an attack and to show assertive behaviour) and 
to prepare for a possible flinch in case the suspect does 
attack. Thus, most of that behaviour aims at de-escalation 
of a situation. However, by moving towards a suspect and 
keeping his/her hands between him/her and a suspect 
(for instance, by ‘talking with their hands’ or laying a hand 
on the suspect’s shoulder), an officer could also anticipate 
on a possible flinch response in case de-escalation does 
not work and the suspect starts an attack. Renden et al. 
(2014) have recently shown that once an attack takes 
place, it is hard to inhibit avoidance tendencies (including 
the flinch response). However, when learned how to use 
them, avoidance tendencies such as a flinch response may 
provide a proper basis for subsequent arrest and self-de-
fence actions. The results of this study show that such an 
approach may not only be more effective than using regu-
lar ASDS, but it also seems that it can be learned in a short 
period of time.

This is in line with the suggestion that mental effort 
can be used to enforce goal-directed behaviour under 
threat (cf. Eysenck and Calvo 1992; Eysenck et al. 2007; 
Nieuwenhuys and Oudejans 2012). Previous studies have 
shown that it is more difficult to move towards a threat-
ening stimulus than to move away from that stimulus (e.g. 
Koch et al. 2009; Stins et al. 2011). However, the current 
study indicates that it is possible to teach officers to move 
towards a suspect in the pre-contact phase with the aim 
to position themselves in a dominant position. Under the 
acute threat in the contact phase it is harder to suppress 
the tendency to perform emotion-congruent responses 
such as the flinch. Nieuwenhuys and Oudejans (2012) 
argue that individuals seem to perform less effectively 
when goal-directed behaviour is not consistent with the 
emotion they experience (cf. Krieglmeyer, De Houwer, and 
Deutsch 2011; Renden et al. 2014). Following the FIRST 
training, emotion-congruent responses were implicated 
by converting avoidance tendencies, such as the flinch 
response, into tactical arrest and self-defence movements.

It is important to note that this study was performed 
with a small sample size and focused only on short-term 
effects of the training sessions. It is clear that this study 



678    P. G. Renden et al.

Houtman, I. L. D., and F. C. Bakker. 1989. “The Anxiety 
Thermometer: A Validation Study.” Journal of Personality 
Assessment 53: 575–582.

Krieglmeyer, R., J. De Houwer, and R. Deutsch. 2011. “How 
Farsighted Are Behavioral Tendencies of Approach and 
Avoidance? The Effect of Stimulus Valence on Immediate 
vs. Ultimate Distance Change.” Journal of Experimental Social 
Psychology 47: 622–627. doi:10.1016/j.jesp.2010.12.021.

Koch, S., R. W. Holland, M. Hengstler, and A. van Knippenberg. 
2009. “Body Locomotion as Regulatory Process: Stepping 
Backward Enhances Cognitive Control.” Psychological Science 
20: 549–550. doi:10.1111/j.1467-9280.2009.02342.x.

Nibbeling, N., R. R. D. Oudejans, and H. A. M. Daanen. 2012. 
“Effects of Anxiety, a Cognitive Secondary Task, and Expertise 
on Gaze Behavior And Performance in a Far Aiming Task.” 
Psychology of Sport and Exercise 13: 427–435. doi:10.1016/j.
psychsport.2012.02.002.

Nieuwenhuys, A., S. R. Caljouw, M. R. Leijsen, B. A. J. Schmeits, 
and R. R. D. Oudejans. 2009. “Quantifying Police Officers’ 
Arrest and Self-defence Skills: Does Performance 
Decrease under Pressure?” Ergonomics 52: 1460–1468. 
doi:10.1080/00140130903287981.

Nieuwenhuys, A., and R. R. D. Oudejans. 2011. “Training with 
Anxiety: Short- and Long-Term Effects on Police Officers’ 
Shooting Behavior under Pressure.” Cognitive Processing 12: 
277–288. doi:10.1007/s10339-011-0396-x.

Nieuwenhuys, A., and R. R. D. Oudejans. 2012. “Anxiety and 
Perceptual-motor Performance: Toward an Integrated Model 
of Concepts, Mechanisms, and Processes.” Psychological 
Research 76: 747–759. doi:10.1007/s00426-011-0384-x.

Oudejans, R. R. D. 2008. “Reality-based Practice under Pressure 
Improves Handgun Shooting Performance of Police Officers.” 
Ergonomics 51: 261–273. doi:10.1080/00140130701577435.

Oudejans, R. R. D., and J. R. Pijpers. 2009. “Training with Anxiety 
Has a Positive Effect on Expert Perceptual-motor Performance 
under Pressure.” The Quarterly Journal of Experimental 
Psychology 62: 1631–1647. doi:10.1080/17470210802557702.

Oudejans, R. R. D., and J. R. Pijpers. 2010. “Training with Mild 
Anxiety May Prevent Choking under Higher Levels of Anxiety.” 
Psychology of Sport and Exercise 11: 44–50. doi:10.1016/j.
psychsport.2009.05.002.

Pinder, R. A., K. Davids, I. Renshaw, and D. Araújo. 2011. 
“Representative Learning Design and Functionality of 
Research and Practice in Sport.” Journal of Sport & Exercise 
Psychology 33: 146–155.

Pinder, R.A., Headrick, J., and Oudejans, R. R. D. 2015. “Issues 
and Challenges in Developing Representative Tasks in Sport.” 
In The Routledge Handbook of Sports and Expertise, edited 
by Joseph Baker and Damian Farrow, 269–281. London: 
Routledge.

Renden, P. G., A. Landman, N. R. Daalder, H. P. De Cock, G. J. P. 
Savelsbergh, and R. R. D. Oudejans. forthcoming. Effects of 
Threat, Trait Anxiety and State Anxiety on Police Officers 
Actions during an Arrest. Legal and Criminological Psychology.

Renden, P. G., A. Landman, S. F. Geerts, S. E. M. Jansen, G. S. Faber, 
G. J. P. Savelsbergh, and R. R. D. Oudejans. 2014. “Effects of 
Anxiety on the Execution of Police Arrest and Self-defence 
Skills.” Anxiety, Stress, & Coping 27: 100–112. doi:10.1080/106
15806.2013.810213.

Finally, we thank Gerard Willemsen and Johan Ekkelboom of the 
Amsterdam Police Training Centre for their help in the reliability 
check.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by The Police Research Programme 
of the Netherlands (www.politieenwetenschap.nl) [PW/
OC/2010/6b].

References

Anderson, G. S., R. Litzenberger, and D. B. Plecas. 2002. “Physical 
Evidence of Police Officer Stress.” Policing: An International 
Journal of Police Strategies & Management 25: 399–420. 
doi:10.1108/13639510210429437.

Beek, P. J. 2000. “Toward a Theory of Implicit Learning in the 
Perceptual-motor Domain.” International Journal of Sport 
Psychology 31: 547–554.

Bernstein, N. A. 1996. On Dexterity and Its Development. Mahwah, 
NJ: Lawrence Erlbaum Associates, 3–246.

Bishop, S. J., J. Duncan, M. Brett, and A. D. Lawrence. 2004. 
“Prefrontal Cortical Function and Anxiety: Controlling 
Attention to Threat-related Stimuli.” Nature Neuroscience  
7: 184–188. doi:10.1038/nn1173.

Bishop, S. J., J. Duncan, and A. D. Lawrence. 2004. “State Anxiety 
Modulation of the Amygdala Response to Unattended 
Threat-related Stimuli.” Journal of Neuroscience 24: 10364–
10368. doi:10.1523/JNEUROSCI.2550-04.2004.

Blanchard, R. J., and D. C. Blanchard. 1969. “Crouching as an 
Index of Fear.” Journal of Comparative Physiological Psychology 
67: 370–375.

Cobb, E., and R. Pincus. 2003. “The SPEAR SystemTM and 
Converying the Flinch Response.” Law and Order 51: 150–159.

Cohen, J. 1988. Statistical Power Analysis for the Behavioral 
Sciences. 2nd ed. Hillsdale, NJ: Lawrence Erlbaum.

Dicks, M., C. Button, and K. Davids. 2010. “Examination of Gaze 
Behaviors under in situ and Video Simulation Task Constraints 
Reveals Differences in Information Pickup for Perception and 
Action.” Attention, Perception & Psychophysics 72: 706–720. 
doi:10.3758/APP.72.3.706.

Ericsson, K. A. 2014. “The Acquisition of Expert Performance: An 
Introduction to Some of the Issues.” The Road to Excellence: The 
Acquisition of Expert Performance in Arts and Sciences, Sports, 
and Games. Mahwah, NJ: Lawrence Erlbaum Associates.

Eysenck, M. W., and M. G. Calvo. 1992. “Anxiety and Performance: 
The Processing Efficiency Theory.” Cognition and Emotion 6: 
409–434. doi:10.1080/02699939208409696.

Eysenck, M. W., N. Derakshan, R. Santos, and M. G. Calvo. 2007. 
“Anxiety and Cognitive Performance: Attentional Control 
Theory.” Emotion 7: 336–353. doi:10.1037/1528-3542.7.2.336.

Fendt, M., and M. S. Fanselow. 1999. “The Neuroanatomical and 
Neurochemical Basis of Conditioned Fear.” Neuroscience and 
Biobehavioral Reviews 23: 743–760.



Ergonomics    679

Appendix 1. Mean performance scores (and SDs) 
per group per test (on scale 1–5).

FIRST/ASDS ASDS/FIRST

Pre-test
Post-
test 1

Post-
test 2

Pre-
test

Post-
test 1

Post-
test 2

Overall perfor-
mance

2.6 (0.2) 4.2 (0.6) 4.2 (0.6) 2.7 (0.4) 2.7 (0.3) 4.3 (0.5)

Pre-contact 
phase

Communica-
tion

3.1 (0.3) 3.7 (0.6) 4.0 (0.5) 3.4 (0.5) 3.1 (0.2) 3.9 (0.5)

Alertness 2.7 (0.5) 4.0 (0.6) 4.1 (0.7) 3.1 (0.4) 3.0 (0.1) 4.3 (0.5)
Assertiveness 3.0 (0.4) 3.8 (0.5) 4.0 (0.5) 3.1 (0.3) 2.7 (0.3) 4.1 (0.7)
Active posture 2.7 (0.3) 3.8 (0.5) 3.7 (0.3) 3.0 (0.4) 2.8 (0.2) 4.1 (0.5)
Positioning 2.8 (0.3) 3.8 (0.6) 4.1 (0.3) 2.4 (0.3) 2.5 (0.2) 4.1 (0.1)
Contact phase
Communica-

tion
2.6 (0.2) 3.8 (0.4) 3.8 (0.6) 3.1 (0.3) 2.8 (0.3) 4.0 (0.7)

Resolution 3.1 (0.3) 3.8 (0.4) 4.0 (0.4) 2.9 (0.3) 3.2 (0.1) 4.1 (0.3)
Proportionality 4.6 (0.4) 4.8 (0.2) 4.8 (0.2) 4.4 (0.4) 4.6 (0.3) 4.9 (0.1)
Scan area 2.9 (0.3) 3.4 (0.3) 3.4 (0.4) 3.1 (0.2) 2.8 (0.4) 3.4 (0.3)
Control before 

handcuffing
3.0 (0.6) 3.6 (0.5) 3.6 (0.6) 3.1 (0.6) 2.5 (0.6) 3.8 (0.9)

Technique 
variables

Use of flinch 
response

1.9 (0.3) 4.0 (0.9) 4.0 (0.8) 2.1 (0.3) 2.0 (0.3) 4.4 (0.3)

Extension 
power

2.3 (0.4) 3.3 (0.9) 3.4 (1.0) 1.9 (0.5) 2.1 (0.2) 3.2 (0.7)

Flexion power 2.3 (0.4) 3.3 (0.9) 3.4 (1.0) 2.5 (0.6) 2.9 (0.4) 1.9 (0.2)
Effectiveness 
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2.9 (0.3) 3.5 (0.4) 3.7 (0.6) 3.0 (0.4) 2.8 (0.3) 3.6 (0.4)

Effectiveness 
physical 
skills

2.7 (0.2) 4.2 (0.5) 4.2 (0.5) 2.8 (0.5) 2.6 (0.3) 4.6 (0.3)

Effectiveness 
response 
against an 
armed attack

1.3 (0.4) 4.2 (0.9) 4.3 (0.8) 1.6 (0.6) 1.7 (0.8) 4.1 (1.2)
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