[ European Commission, Horizon 2D2

D3.2-A Concldpmamal Fact

ModelDecocfi-Blabnng an

Acti ng undardi SIRhrseks
Situati on

LYSHOTPROS

Deliverable D3.2
Deliverable Lead VUA
Related work package WPR3

Vana Hutter(VUA)
Author(s) R&ul OudejangVUA)

Matthijs KoedijkVUA)

Lisanne Kleygrewe (VUA)

Dissemination level PUBLIC
Due submission date 30.04.2020
Actual submission 30.04.2020

Resubmission after Review 30.01.2021

Project number 833672
Instrument RIA

Start date of project 01.05.2019
Duration 36 months
Version log V2.6




| =
4") SHOTPROS

Versions

Vers.

V1.0

V11

V1.2

V1.3

V1.4

V1.5

V16

V17

V18

V19

V2.0

V2.1

V2.2

V2.3

V2.4

V2.5

Date

13/04/2020
13/04/2020
14/04/2020
14/04/2020
17/04/2020

21/04/2020

28/04/2020

29/04/2020

29/04/2020

30/04/2020
12/01/2021
12/01/2021
13/01/2021

14/01/2021

15/01/2021

19/01.2021

Author

Vana Hutter (VUA)
Radul Oudejans (VUA)
Vana Hutter (VUA)
Lisanne Kleygrewe (VU/
Lien de Decker (VESTA

Valerie Schlagenhaufen
(USE)

Vana Hutter (VUA)

Lisanne Kleygrewe (VU/

Radul Oudejans (VUA)

Vana Hutter (VUA)

Radul Oudejans (VUA)
Matthijs Koedijk (VUA)
Radul Oudejans (VUA)

Matthijs Koedijk (VUA)

Radul Oudejanf/UA)

Vana Hutter (VUA)

Description

Firstdraft

Feedback

Integrations of feedbackevisions
Formatting

Suggestions for text edits

Suggestiontoom# 02 Y FA RSy (
heading

Text edits based on feedback of partne
(V1.4 and V1.5nddition of paragraphs
on evidence and research agenda

Feedback and formatting

Feedback and part of the addition of
paragraph on evidence

Edit into final version
Feedback for revision
Feedbackand editsfor revision
Feedback anedits forrevision

Formatting and edits research agenda
for revision

Feedback and edits research agenda fi
revision

Feedback and edits for revisions,
responses to feedback from
collaborators




|
u SHOTPROS

V26 27/01.2021 Vana Hutter (VUA)

Edits based ofeedback from partners
and collaboratorsaddedan overview of
the revisims made based on EC half tir
review

List of Acronyms and Abbreviations

Acronym /
Abbreviation

VR
DMA
LEA
HF
PSQ

PSS

Virtual Reality
DecisionMaking and Acting
Law Enforcement Agency
Human Factors

Police Stress Questionnaire

Police Stress Survey




| =
4",1 SHOTPROS

Table of Contents

Revisions based on EC HANE REVIEW........cunie e 4
1 EXECULIVE SUMIMABIY .. uiiiiiiiiiiiiiieeaeeeee et e e e e e e e e e e e e s bbb enss bbb e et e et e e e e eeeeeeaasame s 5

2 AConceptuaHu man Factors Model orhakifyamdiActieg iNnOf f i c e

Stressful, HIQHRISK SITUALIONS............iiiiiiiiiiice et e e eeaennd 6
2.1 The Integrated Model oAnxiety and PerceptuaMotor Performance........................... 6
The Original Model, iN Brief.. ... e e e e e 7
2.2 The Conceptual Human Fact or smalihgdnd Actingin Pol i c ¢
Stressful, HIgHRISK SItUALIONS...........ouiiiiiiic e e e e e 8

221 S5STFAYAY I AL ANBAZTDZ £, 8
2.2.2 What Makes a Situation Stressful and High RISK?.............coiiiiiiiimiii e 9
2.2.3  CONSEUUENCES Of SIrESS . .ciiiiiiiiiiiiiiiie st i eee ettt r e e e e e e et e e et are e e e e e e eeeeaeaann s s e e e eenannnnnn s 10
2.2.4  Action: DecisioMaking and ACHNG.........ccoeuieiiiiiiiiiiiaee e 12

3  The Conceptual Model: Input, Throughput, Qutput.............cooorriiiiiiii e, 19

The Conceptual Model, in Brief, including a summary of implicatians................ccccceeeeveen.. 21

4  Existing Evidence for the Proposed Links in the Model, from Studies with Police
L@ ] o T 3 PPPRRPSR 22

4.1 Human Factors StreSS RESPONSE.........uuuiiii i 22

4.2 Changes in Attentional Processes Caused by the Combination of the SResgonse

and Investment of Mental EffOrL..........coooriiiiiiiii e 25
4.3 Mitigating the StressResponse by Investment of Mental Effort................cccooooie. 26
4.4 Attentional Processes and Decisigvlakingand ACtiNG..........ccouviieeiieieiiiiieiieeeeeceeens 29
5 Research Agenda Based on the Model............coovvvviiiii e 31
5.1 Plan Of @CHON........uiiiiiiiie et 32
6 Proceedings for Site ViSit RESUIS..........uuuuieiiiiiiiiiiee e 35
T REIEIENCES ... .t 36

e



{‘j SHOTPROS

Table ofFigures

Figure 1First stage of the SCENAKIO.........uuiiiiiiii e 14
Figure 2.Suspect draws a shock knife when officer opens the door.............cceevveeeee. 15
Figure 3Motor heuristics illustrated. .............ooooiiiiiiiiiee e 16

Figure 41 dzYl'y CI OG2NB a2RSf ahbking &nél Acth§....h.T.T.200S ND &

Table ofTables

Table 1. Examples of the Fit Between Human Factors in the Conceptual Model and Items in
Frequently Useduestionnaires to Assess Stressors for Police Officers.............. 25
Table 2.0verview of the studies that serve to answer each research quresti.............. 32

L



| =
4",1 SHOTPROS

Revisions based on EC Hialle Review

Section Revisions
1. Executive Summary 1 Added clarification how the conceptual model inforr
VR training

2. AConceptual Human f Added conclusions and requirements for -W&ning
Factors Model of Police =~ SELJ 2A Gl o0fS o6& [9! Qa | yF
hTFTAOSNRQ £ 9 Added a practical and visual illustration of the conee

making and Acting in of motor heuristics and embodied choices
Stressful, HigiRisk
Situations

3. The Conceptual Model: § Added conclusion and requirements for WRining
Input, Throughput, SELX 2A0l0tS o6& [9! Q& | VF
Output 1 Added a summary of implications for VR training

4. Existing Evidence for th § Added clarification of how chapter 4 relates to ar
Proposed Links in the strengthen
Model, from Studies chapters 2 and 3, in which several implications for VF
with Police Officers training were made

5. Research Agenda 1 Added nine concrete research questidhat are needed

to provide input for VR development and VR training, i
to test the efficacy of the proposed implications of tl
model for VR training.

1 Added a plan of action plan that presents the complet
ongoing and planned studies and their speci
contribution to the nine research questions based on-
SHOTPROS conceptual model

1 Added a table with an overview of how the differe
studies contribute to the nine research questions

e



| =
4") SHOTPROS

1 Executive Summary

In this deliverable D3.2 we outline the conceptual modebecisioamaking and acting in
stressful, higkrisk situations.The conceptual model that was developed informs VR training,
in the sense that ipoints to both technical requirements and conteejuirements tocreate
efficacious training of decisiamaking and acting of police officershél conceptual model
posits that personal, contextual, organizational, and societal human factors influence the
perception of the demands of a situation, the peption of capacities to deal with the
demands, and the appraisal of any discrepancies between demands and capacities,
collectively determining the level of stress of police officers. Importaittly the combination

of stress and mental effort that detarines attentional consequences of stress. Attentional
consequences of stress and mental effort invested may be an alteration fronrdgeated
attentional processes to stimuledriven processes. A final core tenet of the conceptual model
is that decisiormaking and acting, as the endpoint of attentional processes, should be viewed
as actions resulting from motor heuristics and embodied choices.

Ultimately, the conceptual model provide o6 aAa F2NJ STFFAOI OA2dza *w
decisionmakingand acting in stressful, higiisk situationsThe model has consequences for

both the hardwarerequired (e.g., ability to move naturaldndthuslearn to useecologically

valid sensoryinformation, provide realistic action opportuniti¢sas well ascenario content

used by LEA&.g.,accurate perceptual cues, evoke stress responddse consequences of

the model align well with the recommendations given in D3.1 concerning training in general

and VR training specifically.

For the model tdulfill its functionsin the project and thus to be exploited by developera
concise research agenda is proposedr SHOTPROS to be of applicable value to LiEAs, t
core questions: How can VR training best be implemented? The research agenda to answer
that core questionaddresseshe followingsub questions

1 How can the human factors proposed in the model be used to create realigtic
training, in which proper levels of stress and adequate mental effort strategies are
provoked, that help police officerdevelop goallirected attentional strategies, and
effective motor heuristics and embodied choices?

1 Which features of VR training are particularly helpful in the training process for
decisionmaking and acting of police officers?

1 How can training concepts,training methods, and training didactickest be
implementedfor effectiveVR training and assessment
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The studies specified in the research ageadapart of the human factor studies WP6
and provide validation of elements of the model which can be used in the further
development ofVRsystems and scenarios (WP well as VRaining as part of the
European Framework for Training and Assessment (D3.3).

2 A Conceptual Human Factors Model ofdedbfficerQ
DecisioAamaking and Acting in Stressful, Higlsk Situations

The main aim of the SHOTPROS project is to advance the traindegisfonrmakng and
acting of police officers in stressful situations. For this aim, it is imperative to unddrtian
human stress response, its consequences for perceptiesjsiormaking and action, and
mechanisms to mitigate the stress respon$#ithout this understanding developing VR
training systems and scenarios can become merely a trial and error proéesefore, a
conceptual model oflecisionmaking and acting in stressful, higlsk situations is outlined.
The model will serve as a guide for both research and development of training within the
SHOTPROS project. Research and training based on the rhoddl,sn the end, enhance
decisionmaking and problem solving of officers in high risk situations, and enable judicious
and effective use of force.

The integrated model of anxiety and perceptmabtor performance of Nieuwenhuys and

Oudejans (2012; 2017prims the basis of the conceptual mod#tveloped The model is

expanded and adapted in several ways, outlined below, to specifically suit the scope of the
SHOTPROS projettis involves human factors thptay a role in evoking and experiencing

stress (input of the model) antiow stress affectsJ2 f A OS 2 T F-haRiSgMBdQctihyS OA a A 7
in the model specified as motor heuristics and embodied chdigetput of the model).

2.1 The Integrated Model of Anxiety and Perceptdakor
Performance

Basel on an extensive review of empirical literature, as well as their own experiments with
both athletes and police officers, Nieuwenhuys and Oudejans (2012) developed an integrated
model of anxiety and perceptuahotor performance. The model is based on amporary

views of anxiety, attention, and perceptuadotor skill acquisition and execution. Perceptual
motor behavioris seen as integrated cycles of perception, selection (of action possibilities),
and action. For a full description the reader is referded Nieuwenhuys and Oudejans
(2012;2017), but because the model forms the basis of the conceptual model guiding
SHOTPROS, a brief explanation of the model is provided in this deliverable. After the

e



| =
4") SHOTPROS

explanation of the original model, various adaptations amdensions of the model are
LINELI2A&SR YR SELXIFAYSRIZ (G2 I NNADS ofpolicel het wt
officerddecisionmaking and acting in stressful, higlsk situations

The original model (Nieuwenhuys @udejans, 2012; 2017) posits that anxiety is
evoked by a combination of situational factors and dispositional factors. High levels of anxiety,
if not dealt with, lead to changes in attentional processes. More specifically, anxiety leads to
a shift in thebalance between goalirected attentional control, in which a situation is
perceived, processed and responded to in a ghacted manner, to stimuludriven
attentional control. Under stimuluR NA @Sy O2y G NRf X | {dirgeMiak2y A a
stimuli, instead of guided by the goal of tlhehavior According to the model, if an individual
is anxious and this leads to more stimutirsven attentional control, then attention is drawn
to threatening stimuli that are not necessarily relevant for the gmatask (threatrelated
attention). Additionally, it becomes harder for the individual to maintain or switch attention
to other, possibly more relevant, stimuli. Furthermore, under stimuddsen control, the
individual is also more inclined to interprestimuli as threatening (threatelated
interpretation). Lastly, a number of physical responses occur (timedated physical
response) (a) to heighten action readiness (e.g., increases in muscle tension, adrenalin, heart
rate frequency), and (b) to aligresponses with emotions (e.g., moving away from scary
stimuli), both leading to altered movement control. These changes in attention,
interpretation, and responses that result from anxiety, impact all components of perceptual
motor behavior(perception, glection of action possibilities, and action).

Anxiety, however, also leads to motivation to counteract any debilitative effects of
anxiety. When stakes are high and individuals need to perform well, they will strive to
minimize the effect of anxiety on #ir actions. Therefore, according to the model, mental
effort will be invested to (try to) push the attentional control back from more stimaligen
to more goaldirected control, thus restoring changes in attention, interpretation, and
response, and mataining more normal execution of the perceptuabtor behavior

The combined effect of anxiegndthe mental effort invested to counteract anxiety,
determines the way attention is controlled, which in turn steers perceptaoator behavior
(that is, thecycle of perception, selection, and action).

TheCOriginalModel, inBrief:

i1 Anxiety is the result of situational and dispositional factors combined

1 Anxiety leads to a shift from more geditrected attentional control to more stimulus
driven control

mr
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1 Anxiety may also lead tavestment ofmore mental effort to maintain or shift
attentional control back to goadirected

1 The result of anxiety plus mental effort determines attentional control, ranging from
stimulusdriven to goaidirected control.

i Attentional control, through the operational levels of attention, interpretation, and
response formation, directs perception, selection, and action.

2.2 TheConceptualHumanFactorsModel ofPoliceOF T A OS NI &
Decisioamaking andActing inSressful,Hgh-RiskStuations

The conceptual model that forms the basis of SHOTPROS is an adaptation and extension of
bASdzsSyKdz2a |yR hdzRS2FryaQ Y2RSt SELXFAYSR |
conceptual model first, and present the model in full after.

2.2.1 Definingd { 4 NBS & & T dzf ¢

¢tKS O2yOSLlidzZrf Y2RStf ySSRa (2 LINBRAGKE L2t A
situations. Therefore, it is important to first clearly define what we mean by stressful and high
NAal® LY SOSNERFE& fATFS difd phenbrBeNarthatidtiaditibriala Q A &
scientific terms (and indeed in the original model of Nieuwenhuys and Oudejans, 2012; 2017)
would be labelled as anxiety, and the world of police is no exception to this.

Stress in scientific jargon is traditionally oefd as a discrepancy between the
perceived demands of a situation and the perceived abilities to cope with these demands.
Stress occurs if the perceived demands outrank the perceived abilities of an individual. In this
view, stress in itself could be agtive experience, when an individual labels the experienced
discrepancy as challenging, for example. Stress becomes a negative experience when the
LISNOSA PSR RAAONBLI yOe 6SG6SSy RSYFYyR&A FyR 0
or physical wl-being, and anxiety then occurs. It is usually this negative interpretation and
appraisal (and thus experience) of stress that we mean when we are talking about stressful
situations, or about being stressed.

Lazarus (in his cognitive motivational retatal theory, e.g., 1999) distinguishes two
types of appraisals in the evaluation of a situation as stressful or not. By primary appraisal
individuals assess the significance of what is happening for theirbemll, leading to an
appraisal of the event beg irrelevant, benign, or stressful to wléing. By secondary
appraisal individuals evaluate coping opportunities and amount of control over the situation,
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arriving at appraisal of the event as controllable by self, controllable by others, or
uncontrollable.

For the conceptual model, and to enable a shared understanding in the SHOTPROS
project, we define the term stress as the emotional response of a police officer to an event
that is appraised as threatening (as opposed to irrelevant or benign) tebeily and in which
the officer perceives limited coping possibilities or contiidiis definitionprovides a shared
language and shared uetstanding of developers, LEAs and researchers when we are talking
about training under stressThiscommon groundwill be futher elaborated in the next
sections of this deliverable

2.2.2 WhatMakes &5tuation Sressful andHigh Rsk?

In line with our definition of stress, a situation is stressful for an individual if the demands of
the situation are perceived to be highthan the capacities the individual believes to possess,
the individual experiences little or no control over this discrepancy, and it forms a threat to
mental or physical welbeing. Clearly, stress defined in this way is highly personal and
situational.

The original model mainly focused on the effects of an anypetyoking event, and
left the antecedents of anxiety relatively undiscussed. SHOTPROS aim is to investigate human
factors that evoke stress, and accompanydegisionmakng and acting of pate officers.
Therefore, more attention is needed for human factors that determine whether stress occurs
or not, and whether officers are able to handle the stress.

One of the aims of WP 2 of the SHOTPROS pragstto identify relevant human
factors, that should be included in the conceptual modeld, where posible,reckoned with
in training Through a number of qualitative investigations with experts from law enforcement
agercy, human factors were identified thaihfluence how stressful or risky a situation is
perceived(for details see deliverable2.1. Planning, Setup and Methodology for Collection of
User Requirements, Needs, and Expertise). The investigators categorized the identified human
factors agpersonal (e.g., paonality and skill), contextual (e.qg., loss of overview, bystanders),
organizationale.g., rules and regulations and personnel deficit), or societal (e.g., media and
reputation). The contextual human factors aod particular relevance in scenario creatiby
developers and LEAsvhereas the personal human factors deth relevantasthe entry
levelsituation of police officerghat LEAs have to take into account in their trainiag,well
as providing endpoints of training (l.e. improved skill and moesilient personality
characteristics).
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The conceptual model incorporates the findings of WP2. The conceptual model posits
that personal, contextuabrganizationaland societal human factors influence the perception
of the demands of a situation, the perception of capacities to deal with the demands, and the
appraisal of any discrepancies between demands and capacities. Moreover personal,
contextual,organizational and societal human factors are thought to influence the ability to
mitigate effects of stress through employment of attentional strategies.

Last, but certainly not least, the relationship between human factors on one hand, and
stress responses and menédfort on the other hand, is seen as bidirectional. Stress responses
and the investment of mental effort are influenced by human factors, but in turn human
factors are impacted by acute or chronic stress in police and the need to employ mental effort
to mitigate the consequences of stress.

2.2.3 Consequences of Stress

tKS O2yaSldzSyoSa 2F (KS &i NB a-akingSaadcyoda S T2 N
depend on the way officers adapt to the stress response. Humans are normally able (and in
stressful, high ris situations highly motivated) to counteract some of the debilitative effects

of stress, thus maintaining more or less accurate levels of deaisaking and acting, despite
experiencing stress. For reasons of clarity we will first discuss what happeosjiag to the

conceptual model, if the stress response is unmitigated. We will then explain how officers can

counteract (some of) the debilitative effects of stress described. Finally, we explain that the
combination of stress response and mental effonpacts on attentional control.

2.2.3.1 Unmitigated Stress Response

In the conceptual model we propose the same effects of the stress response on attentional
control as Nieuwenhuys and Oudejans (2012;2017) outline for anxiety. The stress response, if
unmitigated, tianges the attentional control from more gedirected processes to more
stimulusdriven processes. Attention is the capacity to detect and process information from
external (environment) and internal (e.g., body, thoughts) sources. Underdyeated
attentional control, detection and processing of information is guided by the goal an individual
is trying to achieve. The individual actively or passively picks up on information that is relevant
for the task and that is needed to achieve the goal. For e@olfficer the goal can for example

be to handcuff a suspect safely, with a proportionate amount of exertion. Underdijyeaited
attentional control attention will (among other things) be paid to the positions of the wrists
of the suspect, verbal and nererbal communication of the suspect, the direct surroundings
such as environment, colleagues and bystandets, and the estimated control over the
movements of the suspect. The information coming from these sources is interpreted

mr
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appropriately for example a swearing suspect, in combination with full control over the
movements of the suspect, is interpreted as still a safe situation in which handcuffing can
continue normally with the current amount of force. Or alternatively, a struggle to reane

the wrists in a position for handcuffing, verbal and na@rbal signs that the suspect will not
cooperate and try to flee and approaching bystanders, will be adequately interpreted as a
need to speed up the process and scale up the use of force so.dehaviorn this situation

is goaldirected, that is, executed in the most efficient and effective way to achieve the goal.

The stress response may shift the attentional control from giacted to stimulus
driven. Attention is drawn by tagkrelevant stimuli, rather than guided by the goal of the
officer, for example, to handcuff the suspect. More specific#lig individual ismore easily
distracted and it becomes harder to redirect attention. By distraction we mean that the
individual pays a#ntion to stimuli that are not relevant for the task at hand. By redirecting
attention we mean that an individual disengages from the stimuli that drew attention away
from the task and engages with tasidevant stimuli. In other words, under stimuhdsiven
control, attention tends to get fixatedno 2 NJ Ay Y2 NB LJ2 LidztstimNl thaS NI &
are not relevant for the task. Moreover, the interpretation of stimuli changes under stimulus
driven attentional control. Individuals are inclined to integpstimuli as threatening. Building
up on the example above, the handcuffing officer may interpret the swearing of the suspect
as dangerous, or as signs that the suspect will start to fight, even though the officer still has
full control over the movemerst of the suspect. Stimulwdriven attentional control
additionally alters behavioral responses to the stimuli. Physiological and neurological
responses occur, such as heightened muscle tension, and lower impulse control. For the
handcuffing example this nyaesult in excessive force used in handcuffing and a tendency to
place speed over accuracy of movemertom this part of the modeke can infetthat in VR
training both releant and irrelevant stimulcan be included, to experiendbe difference
between goaldirected attention and stimuludriven attention and train goaldirected
attention in the presence of taskrelevant stimuli

2.2.3.2 Mitigating the SressResponse: Investment dMental Bfort

Not every stressful situation ends up an unmitigated disagkercontraire, in most stressful
situations police officers manage to solve the situation, perhaps not perfectly, but certainly
professionally and adequately. Apparently, police officers are able to maintain acceptable
standards of performance, despite bginconfronted with stressful circumstances. The
conceptual model (in the same vein as the original model of Nieuwenhuys & Oudejans, 2012;
2017) proposes three different mechanisms by which the debilitative effects of the altered
attentional control in stresful circumstances are mitigated. All three mechanisms require that

mr
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police officers expend extra mental effort to restore or maintain egiegcted behavioras

much as possibleand all mechanisms can be practiced thgbdraining. First, with mental
effort, goaldirected processing of information can be enforced. This requires active
information seeking and processing of the officer, for example, paying conscious and
deliberate attention to stimuli that are relevant for the task (in the handcuffingreple,
forcing themselves to scan the body position and language of the suspect, to evaluate the
control over the movements of the suspect, etd/R training may be particularly useful with
regard to this mechanism, because it providegportunities to eficiently and rapidly
manipulate stimulpresent or absent in training. As ac®ndmechanism to mitigate the stress
response the officer can inhibit stimuludriven processing, for example, by checking their
interpretation of the situation as dangerousylmaking a quick rational risk assessment
(restoring interpretation), or by taking a deep breath to lower excessive muscle tension
(restoring (aspects of) response tendencidsaining of this mechanism requires the presence

of various levels of threatend the ability to act(actualzng/realizingresponse tendencies).
Third, the officer can try to reduce the stress response itself, and thereby enabling the goal
directed attentional control by prevention/reversion of the shift to stimutirsven attention
Various stresseduction techniques may be useful to this efa@r VR training to buildn this
mechanism, stress needs to be provokad police officersand the scenarios should allow
(time, physical and/or cognitive ability) to execute stresductiontechniques.

Taken together the model posits that it is the combination of the stress response with
the investment of mental effort that determines how much the attentional control is shifted
from goatdirected to stimulusdriven. Attentional control subgpiently impacts ordecision
making and acting of police officers in stressful, hrglk situations.This underlines the
importance of measuring stress and mental effort in human factor studies that feed into the
training concepts and the DMA model (WP8dahe assessment and modelling of training
experiencen VR(WP4).

2.2.4 Action: DecisioiMaking and Acting

The output that the coceptual model should predict gecisionrmaking and acting of police
officers. We posit thatlecisionmaking and acting are insepable, and borrow from the work
of Raab (2017) to emphasize the intertwined naturele€isionmaking and action. The need
for this emphasis stems from two main concerns wdhbcisionmaking and acting as
components of behavior. Firstjecisioamaking and acting may, implicitly or intuitively,
suggest sequential and conscious steps in behavior, giving the impression that an individual
first (consciously) decides and only then acts. This view overlooks the fact that decision and

mr
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action can coincide (decisidn action, instead of decisiofor action), or acting may even
precede a conscious decision (decidioroughaction).

Second,decisionrmaking and acting have traditionally been studied in separate scientific

fields, obscuring a holistic understanding of gdaécted behavior. Raab (2017) points out

that decisionmaking is about what to do, and acting about how to do it, and argues that the
GoKIG¢ Kra GeLAOrtfte 0SSy GKS R2YFAYy 2F 023
movement sciences. By separately studying cognitive performanced@@sionrmaking, the
GoKIGeEOD YR Y2@8SYSYy(d LISNF2NXI yOS wholeddhdE | OG A
adequately be understoo®r,asAré22 | YR O2f f S| 3dzSax LItk aS A
AYLX SYSyGlraAaz2zy aSt SOG4 SR beraioremaigin from K Buigf @ > 6 dzi
FOUA2Y 2LILIR2NIdzy A (A Sa&é vahb, BDayi@s22019,|p NEdtingtedya | A = {
the separation between cognitive performance and movement performance is losing ground,

and more holistic views of behavior proposdebr (VR) trainingnd researh on training of

police officers itis also highime to view decisiormaking and acting as inseparable, and to
abandon the (implicit) idea of conscioa®cision making followed by actinghat seems

present in typical debriefing of training scenarios by LEASs.

In the original model of Nieuwenhuys andd&jans (2012; 2017) behavior was already
depicted as an integrated cycle of perception, selection of action possibilities, and action. In
the SHOTPROS conceptual model we take the holistic viede@sionrmaking and acting a
step further, and propose thatecisionmaking and acting is best captured by motor heuristics
and embodied choices, terms coined by Raab (2017) to merge cognitive and movement
sciences views on perceptualotor behavior. By adopting the concepts of motor heuristics
and embodied choice (explained below) in the conceptual model, we underline the
inseparable, intertwined nature afecisionrmaking and actingand emphasize that the aim of
training for performance under stressful consequences is to equip police officersimihe
andproper action selectioskills

2.2.4.1 Motor Heuristics

The concept of motor heuristics (Raab, 2017) takes its starting point in cognitive sciences and
AYGNRRdIzOSa | Y2@0SYSyd |aLSOd O6APSPT avY2id2NI
Heuristics are sets of kes that people use to solve a problem or question. In simple heuristics

these rules are described as search, stop, and decision rules. Search rules provide a structure

to quickly process information, stop rules determine which cue should be met to stop
searching for additional information, and decision rules dictate the outcome of the search and

stop, the actual choice that is made. Raab (2017) adds execution rules to search, stop and
decision rules to expand the concept of heuristics into the concept atbmheuristics. In
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motor heuristics there are not only (relatively) simple rules to decidiat to do (decision

rule), but alschow to act(execution rule). Raab defines a motor heuristic (referring to the
ALIR2NIA R2YFAYO F &y dllowsiah afrldte $ chvdigé tetwee optioksdzY 6 (i
OKSNB Y2@SYSydaov (2 aldra¥e (KSFolpoibhoBiogs ySSR
motor heuristics are thusimple rules of thumb that enables police officers to choose between
behavioral optiongfor example use of force behaviors, -decalating behaviors, running

away, etc.}o satisfy the demands of a situation

The concept of motor heuristican beillustrated byfootage of apolice officer in one
of our experiments. In the experimerite police officeiis instructed to approach a door to a
room where a suspect is preseritigurel depicts the officer at the door. In this stage of the
scenario the officethoughts and movement coincigé¢hat is he executesthe procedure of
announcinghat he is gpolice officer and positions himself to the side of the door.

Figurel. First stage of the scenario, the officer has approached the door and
announces his presence in sage position.

As soon as the officer opens the door, the suspect drawsshock knife (a weapon
that has the shape of a knife and gives an electric, thkey shock when you are nicked with
it) and walks tavardsthe police officer see figure2.

¢CKA& LINP2SOG KIFIa NBOSAOSR Fdzy RAy 3 T NEnovatiok S
Programme under grantgreement No 833672The content reflects only the SHOTPROS
consortium's view. Research Executive Agency and European Commission is not liable for any

that may be made of the information contained herein.
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Figure2. Suspectiraws a shock knife when officer opens the door.

The officemow finds himself ira threatening situatiorand has to actquickly. In this case he
eventually draws i$ gun, tells the suspect to drop the knife, and shoots the suspehe leg
when the suspect does not comply. Baactions are the endpoint of motor heuristics and
embedded choicegexplained in more detail in the next sectipmpeaning that the officer
applied rdes of thumbusingintegratedcognitive and sensoryfiormation (indicated with red,
blue and purpléan figure3). Thepolice officer has knowledg@&ognitive input)f judicial use

of force, effectiveness of shooting a suspeatd the threat of a knife (red and purple in the
figure). The officer also hasensory input not only perceiving the distance between the
suspect and him, budlso the speed with which he moves backwards and thus increases the
distance (the blue arrow)n addition, his hand was alidy near his gun (blue circle), he is fit
and skilful in shooting (blue stripes), and the perceived threat (purple) will impact his
alertness and stress levd@lhe cognitive input and sensory input are used simultaneously and
collectively to select the action of eventually shooting the suspect in the leg
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Figure3. Motor heuristics (and embodied choices, see next section) illustrated.

2.2.4.2 Embodied Choices

The concept of embodied choices finds its origin in the notion of embodiment, which links
sensorimotor processes and cognitive processes. Simply put, embodiment describes that the
connection between the body (more precisely sensorimotor processes) anoréie (more
precisely cognitive processes) is a tway street. It has long been acknowledged that
sensorimotor processes are (partially) under control of cognitive processes. Embodiment, in
addition, points out that the reverse also holds; sensorimotoogasses partially control
cognitive processes.

Various experiments have shown an effect of sensorimotor processes on cognitive
processes. Typically, in these experiments sensorimotor status of participants is manipulated
and the decisions made or cognéiyperformance under both sensorimotor conditions are
then compared (see for examples and overviews e.g., Lakofff, 2012; Shapiro, 2019; Wilson &
Foglia, 2011). Overathese experiments show that changes in sensorimotor processes lead
to differences in cogjtive processes. Probably the most wiatlown (albeit by now criticized)
example is the facial feedback hypothesis test. In this test people either hold a pen between
their teeth orhold the penby curling their upper lip . By holding the pen between ttieeth
people are, unknowingly, forming their face into a smile, whereas holding a pen with their
upper lip recreates a frown. The faci@lSSRo I 01 KeLR IKS&aA&a AYLI AS
condition yields more positive evaluations (of stories, pictures, événd G KIFy GKS a7F1

16



| =
4") SHOTPROS

condition (e.g., Noah, Schul, & Mayo, 2018; Strack, Martin, & Strepper, 1988; Wagenmakers
et al., 2016).

To summarize, embodiment points out that not only do thoughts, feelings, decisions
and emotions impact our actions, postures,omements, and interactions with the
environment, but our actions, movements, and sensory motor experience in general also
impact our thoughts, feelings, decisions, and emotions.

Embodiment implies that sensory motor processes may form an additionahdbe i
heuristics that lead to decisions what to do and how to achieve that. Raab (2017) states that
the human body and stored sensory motor experiences have been largely overlooked in
problem solving in real life situations. Intuitively we may all be awhat our bodily state
plays a big part in oulecisionmaking and acting. We expect that tldecisionmaking and
acting of a police officer who is well rested and has excellent fighting skills will be different
from a police officer who is tired or injude and has mediocre fighting skills. Yetdactision
making and acting models the only role (if any) that is reserved for sensory motor information
is in the actual execution of action. Raab (2017) introduces the construct of embodied choices
to resolve his caveat. Embodied choices are, similar to motor heuristics, rules of thumb that
are useful when police officers have to decide quickly what to do and how, and that rely on
sensory motor input. By including embodied choices in the conceptual model wie pos
(conform Raab, 2017) that sensory motor processes themselves provide cues for choices of
what to do and how, further underlining thdecisionrmaking and acting cannot be separated,
as the acting provides input for the choices to be mddea similar gin Araujo et al. (2019)
state that action should be understood as an expression of embedded and embodied
cognition, that decision making is in fact, an emergent behavior (Araujo, DavidisstQvski,
2006), and we act to perceive information that we apbn and with (Aradjo & Davids, 2015).

In more practical termsand linking back to our example above, the decision makathe
drawing of the gun while wving backwards and instructing the susptctirop the knife and

the moving backwards and instruicg the suspect is informing us on both action possibilities
and collaboration of the suspect, so the actiorader input.

To conclude our explanation of motor heuristics and embedded choices we will wrap
up the example of the police officelia the expemment. The decision and acting of the officer
(eventually shooting the suspécprobably resulted partly from cognitive processes (being
engrained with the importance of proportionalitgssessment of level of threat, etg. A
number of sensory motor inputs have played a role as well, however. The fact that the officer
had immediately started moving backwards enabled him with the time and distanearo
the suspect to drop the knife and be ready to shoot if the susfaleid to comply The fact

mr
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that his hand was already in vicinitytbe gunmay have also made the choice/actionsiooot
more salient. The fact that he was very well trained and therefore fluent in his movement to
draw and shoot while walking backwards afinal example of sensory motor input. In this
example the embodied choice may be seen as the opti@htmt the suspect in the laghich
presented itself from his physical movement and position, and his skill automaticity.

As becomes clear from this expha, as observers of perceptualotor behavior we
cannot directly see motor heuristics and embodied choices. What we see, and what matters
in practice, is the outcome of motor heuristics and embodied choices, not the set of rules
leading to the outcome. Téhconcepts of motoheuristics andembodied choices in the model
areveryimportant though, because it implies that training needs to equip police officers with
these rules of thumb that can be used in stressful circumstantés.therefore argue that
motor heuristics and embodied choices are concepts that need tweveloped, testd, and
applied in VRraining.

There are two routesow developersand LEAganimprove training with the use of the
concepts of motor heurisics and embodiecchoices in VRraining: The frst route is to
engrain through (VR) trainingnotor heuristics that are so simple that they are still salient
under stimulusdriven attentional control, meaning that even when officers are stressed and
attention turns threatrelated, they have simple motor heuristics to reliably, and with little
attention fall back on.VR training if designed in ajinment with the conceptual model,
providespolice officerauniqueopportunitiesto discover and engrain propemnotor heuristics.

In VRtraining cognitions of officers and sensory input can lkeliberately manipulated.
Similarly, in (VRraining emphasiscan bedeliberately placd alternately on the what the
decisiormakingof action) and the howthe actingof action). The intention is not to address
decsion-making and acting separately (which the model and evidence éggkcitlyargues
against), but instead tocsiffold the learningdevelopmentprocess of developingpplicable
motor heuristics and embedded choices, useful in stressful situations.

The secondoute is that police officers trairtheir ability to restore or maintain
sufficient goaldirected attentional control to still apply complex motor heuristics and
embodied choices in stressful situatiods mentioned earlier in this deliverablearticularly
the opportuniies that VR training offers in terms of manipulating presence aneéradesof
stimuli makes VRraining a promising avenue for training the capacity dpply complex
heuristics and embodied choices under gdakcted attentionalcontrol.

mr
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3 The Conceptual Model: Input, Throughput, Output

In this deliverable we have outlined the different parts of the conceptual human factors model
2T L2t A O&isichmaking@rdl M&lirdg in stressful, higtsk situationsFigure 1shows
the conceptual model in full.

The model can be characterized as an inphubughputoutput model. The inpw of the
model are the human factors that determine whether a situation is potentially stressful and
high risk. The throughput of the model are the responses to the potentially stressful situation,
specifically the scenario in which a stress response indeedrs, the mental effort invested,
and potential changes in attentional control as a result of the stress response and the mental
effort combined. The changes in attentional control determine changes in the output:
decisionmaking and acting, in the motigpecified as motor heuristics and embodied choices.
As outlined throughout the deliverable, the inphroughput, and output inform VR training
and researchFor examplethe contextual human factor@nput) enable the design of stress
evolingscenari®, and require assessment of personal human fadiomut) in researchThe
throughputdictates thatin VR trainingttentional control is required t@xecutethe scenario
successfullyand in research stress and mental effort needbéaoneasureal, as wellas proxies

of attentional control, such as gaze behavior or field of vi€he output of action requires for
both training and research that ecologically val@jnitive and sensory inpsiire present as
thesedictate eventual actionsA particulaly important implication of the model is that in
debriefing the emphasis should be d¢ime action as a whole (the what and the how of the
action, and action possibilities) instead of a reiteration of the cognitive deemiaking only,

or a separate evaluation ghysical/technical skill acquisition. VR seems a useful instrument
for such holistic debriefing, asmakes language (and thus cognition) partly redundant and it
is likely b provide opportunities formultiple repetitions (instead of extensive cognitive
debriefing, go through the holistic experience with cognitive and sens@ut iagain, or try
and experience alternative actions).
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Human factors

Personal factors
skills
personality
physical strain
personal stressors Stress response: Attentional processes
norms, values. stereotypes Perceived discrepancy demands and capacities Stimulus-driven processes
position in team | Primaryappraisal: stressful to well-being A threat-related attention
uncertainty about abilities secondary appraisal: limited or no ability to cope I threat-related interpretation
Contextual factors limited or no control I threat-related response tendencies
the 'unexpected' I
loss of control, overview I
|

bystanders

unexperienced colleagues
sensory elements

threat to physical integrity
the 'unknown'

Extra (mental) effort
to enforce goal directed processing
to inhibit stimulus-driven processing
to reduce anxiety/stress

Decision-making and acting

motor heuristics
embodied choices

Organisational factors
treatment after use of force
rules and regulations
training
support
time
personnel deficit Goal-directed processes

Societal goal-directed attention
media goal-relevant interpretation
perception of police goal-directed response tendencies

reputation

Y e

Figure4: ConceptuaHumanFactorsModel ofPoliceOF ¥ A DeSididarsiaking andActing inSressful,High-Risk Stuations.
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The Conceptual Modgh Brief including aummary of implications

1

Stress is the response to a perceived discrepancy between demands of an event and
capacities to deal with these demands. This discrepancy threatens physical or mental
well-being and control is uncertain.

The occurrence of stress is related to personal, contextughnizationgland societal
human factors, as these factors determine the (perceived) demands of a situation, the
(perceived) capacities to deal with the demands, and the appraisdisofepancies
between demands and capacities as stressful for-imeithg and under limited or no
control. In VR training all components of thdress response can possibly be
manipulated to suit training needs, and the defion of stress providea univaal
language and nderstandingof stress which omits noise from the collaboration
between LEAS, developers, and researchers.

Stress leads to a shift from gedifected attentional control towards more stimulus
driven control This dictates that, to trainor optimal (l.e. goatlirected ) attentional
control in stressful situation stress should beevokedin VR training and stimuli
related to both types of attentional control preseniNaturally these should be
scaffolded in a proper didactical wéyr officers to becomeskillfulin maintaining or
restoring goaldirected control in thepresence of high risks

Stress also leads to extra (mental) effort to maintain or shift attentional control back
to goaldirected control, particularly through thattentional strategies of enforcing
goakdirected processing, inhibiting stimuhasiven processing, and reducing the
stress response.The result of stress plus mental effort determines attentional control,
ranging fromstimuluglriven to goaidirected contol. Implications are the same &sr

the previous bulletpoint.

Attentional control, through the operational levels of attention, interpretation, and
response formation, directdecisionmaking and acting.

Decisioamaking and acting are not sequential stagen action but are integrated
processes, and become apparent as motor heuristics and embodied chdiuss.
implies that decisionimaking and acting should be trained, axaied/debriefed and
researched as integrate@mergent actionsMoreover, itdictates that both cognitive

and sensory input should be carefully considered in development and training. By this
we mean that the technology used in training needs to affdrd trained individual

with natural ways of perceiving, aring and processing fiormation. Moreover that,
depending ontraining objectives and didactics, advantage can be taken of unique
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possibilities of VR to systematicalbgeer perception, movement andnformation
processing to help police officers develop applicable motor hewstral embedded
choices.

1 All the implications for VR trainindrawn in these bulletpoints were crosfecked
with the recommendations for training and VR training in xhd faund to align very
well.

4 EXxistingevidence for thdroposedLinks in theModel, from
Sudies withPolice Officers

In chapters 2 and 3 we have outlined tbenceptual lmmanfactorsmodel ofdecisionmaking
andacting understress andn high-risksituation that we developed in WP3. Wea, in those
chapters, several implicationsirom the malel for VR training, and the research and
development to be done in SHOTPROS. tdeabilityand credibility of these implications
stand or fall on the strength of the model. Although the modetonceptual, it rests upon a
compelling body ofevidence on human behavior in general, but also on police actions
specificallyIn this chapter we aim to denmstrate the strength of the model itself (not the
suggested implications that are the backbone of the research and development to be done in
the project) by summarizing the exisiting evidence that suppsep@rateparts of) the model.

4.1 Humankactors- Stres€Response

The human factors in the model have been derived from deliverialé. Planning, Setup and
Methodology for Collection of User Requinents, Needs, and Expertida.the work package
that led to thatdeliverable, the human factors were elicited through content analysis of
gualitative data from focus groups and interviews with different law enforcement agencies.
For details about methodology and outcomes see riygort of D2.1

Based on D2.1four types of human factors are distinguished in the conceptual model;
personal, contextual, organizational, and societalthe police sciences literature the most
common distinctionn types of stresss between operational stress amiganizationabtress

(e.g, McCreary & Thompsor£2006; McCreary, Fong, &Groll, 2017. For the conceptual
model, we are most interested in the stress response that occurs in the operation (i.e.
operational stressors). It is clear, however, that organizational stressors ardgmeiwapolice
work; in fact it has been claimed that organizational factors may be the largest contributors
to stress in police officerg(g.,McCraty & Atkinson, 201&8hane, 2010 Moreover, it is clear
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that general, persistent stressohgive anmpacton stress responses, and thus performance,
in situations on duty (Shane, 20110

The human factors that were formulated deliverable D2.1and included in the conceptual
model generally fit well with various frameworks of stressors in police work. All¢2802)

for example outlinedntra-interpersonal, occupational, and organizational stressors that are
commonly studied in police populationsler overview lends support for the inclusion of a
large number of the contextual, organizational, and societahhn factors in the model.
Examples are media and perception of the police, the unexpected and the unknown, and rules
FYR NB3IdzZ I GA2y ad Iindings BnRiktréinteBpgrdonal! soaeRsdrs fpdrtlit A Q a
support the inclusion of personal human factdike personality and uncertainty about
abilities.This in in line with the results ¥¥P2of the SHOTPROS project, which identified that
personalityis a relevant human factor, that should be included in the conceptual mobiet.
relationships between personality traits like optimism/pessimism, neuroticism,
extraversion/introversion, and authoritarian personalignd stresshave been studied.
Research is however not as conclusive as one migkgect (no relation, as well as
contradictory findirgs have been reported), therefore this human factor of the conceptual
model should be considered with cautioAs an example, Landman, Nieuwenhuys, and
Oudejans (201#® found that although personality factors may diminish the negative impact
of stress on plice performance, this factor is only minor compared to the role that experience

plays.

Similar to the fit with the framework of Abdollahi (200&)e included human factors fit well
with the questionnaires that are most commonly used to assess singsslice officers, the
Police Stress Questionnaire (P34gCreary& Thompson, 2006and the Police Stress Survey
(PSS, iBelberger, Westberry, Grier, & Greenfield, 198These questionnaires are based on
prevalent and relevant stressors as perceived bycpobfficers, and have been widely used. As
such, items of the questionnaires describalient police specific stressors, and a clear link
between the items in these questionnaires and the human factors in the conceptual fooithelr
justifiesthe incluson of the human factors in the modeln Tablel we provide examples of items
from the questionnaires that are similar to specific human factothe conceptuaimodel.

Conceptual model PSQMcCreary & Thompson| PSS, Spielberget al. (1981)

Physical strain Fatigue (e.g., shift work,
overtime), Eating healthy at
work, Occupatiorrelated
health issues (e.g., back pair

Personal stressors Managing your social life Family demands
outside of workNot enough

L
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PUBLICD3.2

time available to spend with
friends and familyLack of
understanding from family
and friends about your work

Norms, values. stereotypes

PIK2E RAY3 Fa
in publig Feeling like you are
always on the job

Demand for high morality

Position in team

The feeling that different
rules apply to different
people Feeling like you
always have to prove yourse
to the organization

The unexpected

Inadequate equipment

Inadequate or poor quality
equipment Aggressive
crowds

Unexperienced colleagues

Dealing with coworkers
Unequalsharing of work
responsibilities

Fellow officers not doing
their job, Incompatible
partner

Threat to physical integrity

Risk of being injured on the
job

] L

unknown

Making critical orthe-spot
decisionsQuickdecision
making

Treatment after use oforce

Bureaucratic red tape
Internal investigations

Mistreated in court

Rules and regulations

Gonstant changes in
policy/legislation

Job conflict with rules
Disagreeable regulations

Training

Lack of training on new
equipment Finding time to
stay ingood physical
condition

Support

Leaders overemphasize the
negatives (e.g., supervisor
evaluations, public
complaints) Inconsistent
leadership stylelf you are
sick or injured your
coworkers seem to look
down on you Feeling like you
always have t@rove yourself
to the organization

Political pressure from within
the department Inadequate
support by department

Overtime demands

Personnel deficit

Saff shortages

Insufficient manpower to
adequately handle a jgb
Insufficient personnel

¢KAa LINRP2SO0 KI &

NEOSAPSR Fdzy RAy 3 T NInovatiok S
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Negative press coverage

Perception of police Negative comments from the Experiencing negative
public attitudes toward police
officers Personal insult from
citizens

Reputation WIK2f RAY 3 Y4 Public criticism of polige
public Negativepublic image

Tablel. Examples of the Fit Between Human Factors in the Conceptual Model and Items in
Frequently Used Questionnaires to Assess Stressors for Police Officers (i.e., PSQ and PSS)

Last,support for inclusion of specific human factors in the conceptual model can be found in
separate studies. Forexaf S ( KS LIS NA 2eysbry elekeméalighs viell vithitBeNJ & &
finding that dirty and physically demanding circumstances at the cratene can be very
stressful(Sollie, Kop & Euwema, 2012)NJ (0 KS 02 y (i Btandds rélated fo é 2 NJ & 0
stress policeofficers experience by encountering victims, particularly the vulnerable (e.g.,
children; Abdollahi, 2002As a last example, was found that experience (which relates to

skills in the conceptual model) can secure effective performance in high pressure situations
(Landman et al., 20Hp

All in all we conclude that the human factors that were establishedwi®2 and D2.1.
PlanningSetup and Methodology for Collection of User Requirements, Needs, and Expertise
alignwell with common findings on sources of stress of police officers. Thus, there is scientific
support for inclusion of these human factors in the conceptual model o0l 2 T FA OS NI
decisionmaking and acting in stressful, higlsk situations.

4.2 Changes idttentional Processefaused by th&Gombination of
the SressResponse andhvestment ofMental Efort

The conceptual model is based on tmegrated model of anxiety and perceptualotor
performance (Nieuwenhuys & Oudejans 2012; 2017). Nieuwenhuwy®adejans based their
model partially on studies with police officers, and propositions of the model have been tested
by them in the police aatext as well.

The conceptual model posits that the stress response in combination with mental effort
results in attentional processes that lie on a continuum from stimdliigen processes to
goaldirected processes. Stimuhgsiven processes are charadeed by threat related
attention, threat related interpretation and threat related response tendencies.
Nieuwenhuys and Oudejans (2011) found that gaze behavior of police officers changes under
stressful circumstances. When officers where more anxidwsy gaze was more andriger

fixated at threatrelated sources of information (the head and the gun of the opponent) than
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when they were not anxiougkarlier, the authors had shown that anxious police officers turn
away from the aggressors when they amdoading their gun, also pointing to changes in
attention as a result of stress (Nieuwenhuys & Oudejans, 2(M06)eover, the timing of
incorrect shooting decisions under stressful circumstances also gpamntchanges in
attentional control.In incorrect ooting decisions (that jshoot at an unarmed suspect)
police officers responded directly to the suspect appearing, and did not wait to detect the
visual information whether the suspect was armed or not (Nieuwenhuys, Savelsbergh &
Oudejans, 2012 he aahors hypothesize that this faster response is also the result of threat
related interpretation. Thg argue that the officers were more inclined to decide on the basis
of threat-related inferences and expectations, rather than on the tedkvant informaton
about gun possession. This is in line withdges that required officers to identify whether
suspects had a gun or n@nd thathave shown that under time pressure officers report the
presence of guns more often than without the time stresgerg., Correll, Park, Judd, &
Wittenbrink, 2002; Payne, 2001).

Various studies haveemonstrated changes in response tendencies of police officers in
stressful situationsGenerally, these studies point to avoidance tendencies iir thehavior

and movement under pressure. For exampRendenand colleaguegRenden, Landman,
Savelsbergh, & Oudejarz015)found thatwhenpolice officers were moranxiousthey had

faster reactions, were leaning further backward when they kicked an aggreback, and
ducked down when blocking an aggressor, all signs of avoidance tendencies in the movement
patterns of police officerdNieuwenhuys and Oudejans (2010) reported that unsteessful
conditions police officers duckedbwn (in order to decreasthe chance of getting hit) and
turned away from the opponent (the target) during reloading, again pointingvtmdance
tendencies in behavior under stress.

From these series of studies we infer that the threalated attention, interpretation, and
respanse tendencies that characterize stimuldisven attention do occur in police officers,
when they are stressed. There is thus initial supportive evidence for this part of the conceptual
model.

4.3 Mitigating theSressResponse bynvestment oMental Efort

The conceptual model outlines that the stresssponse, and its concurring effects, can be
mitigated by investing mental effort. Three mechanisms of mitigation are proposed; Police
officers can aforcetheir goatdirected processinghey can inhibistimulus driven processing,
and/or reduce their anxiety or stress levels.
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Initial support for the mental effort strategies proposed in the model stems firdarvention
studies aimed at increasing resilience and mental preparedness of police officeiaugkith
such studies are relatively scarce (Andersen, Papazoglou, Nyman, Koskelainen & Gustafsberg,
2015), they generally point to positive effects of interventions, indicating that it is useful to
equip police officers with mental preparation strategies.nrdali word of warning before we
discuss the results of intervention studies; not all studies considered job performance, or more
specifically decisiomaking and acting, as primary outcome. In some cases measures such as
quality of sleep, anger managemeetnpathy, fatigueetceterawere the outcome of interest.
Moreover, authors have pointed to the lack of control groups #auk ofconsideration of
longterm effects as methodological weaknessasthese studiegArnetz, Arble, Backman,
Lynch, & Lublin2013; Romosiou, Brouzog, Vassilopoulos2018).

Frequent components of the studied interventions to enhance resilience are:

i1 Breathing/Relaxation techniqgued\iidersen et al.2015; Andersen & Gustafsberg,
2016;Arnetz, Nevedal, Lumley, Backman, & Lyl#tb09; Arnetz et al., 2013; McCraty
& Atkinson,2012 Page, Asken, Zwemer, & Guido, 2015

1 Imagery/VisualizationAndersen et al.2015; Andersen & Gustafsberg, 201&lin,
Nieuwenhuys, Visser, & Oudejans, 20Rdge, et al., 2015Shipley & Baransk2002

1 Attention focus exerciseg\(dersen et al.2015; Andersen & Gustafsberg, 20Pége,
et al., 2015

1 Mindfulness(Chopko & Schwtz, 2013 Christopher et al., 2033Palmer, 2019)

Although the specific pathways through which these techniques are thotmhmpact
resilience are usually not discussed, we can align the techniques with the three mechanisms
of mitigation proposed in the conceptual model.

Perhaps the most obvious and direct link is seen between attention focus exercises in
resilience trainingand attentional processing In the intervention studies police officers
performed exercises to learn to control their attention, oftentim#sough slowmotion
tactical training (e.g Andersen, Papazoglou, Koskelainen, et aD15; Andersen &
Gustafsbeg, 2016). These exercises weneant to train officers to keep their focus on the
essentials in critical incidents, thus aligning well vattforcinggoaldirected processingand
inhibiting stimulus driven processing.

Similarly, visual and auditory imageof onRdzi & Ay OARSYy(d&asz |IyR (KS
these visualized incidents may lead to improved attentional processing in actual incidents.
Through imagerypolice officers can become aware of taskevant and tashrrelevant
information, of theirinterpretation of this information, and of successful attention strategies
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in these incidents. In this vein, imagery can be seen as a way of learning to direct your
attentional processes in a gedirected wayIndeed, Colin et al. (2014) reportelat through
imagery of successfshot execution police officers were able to maintain their shot accuracy
under pressureAn additional function of imagery could be to reduce anxiety or stress. By
visualizing calming images stress levels may be lowered. Thi®adtway of using imagery
was, as far as we know, not an explicit part of the resilience interventions studied.

The breathing/relaxation techniques incorporated in the studies do aim to directly affect the
stress level of police officers. In the studiet Arnetz and colleagues (2009; 2013) and
Andersen and colleagues (2015; 2016) police officers were trained to use relaxation
techniques during critical incidences. They had police officers practice relaxation techniques
in combination with the imagery ofcidents, thus incorporating the relaxation techniques in
the timeline/process of critical incidents. Results indicate that relaxation techniques are
effective in controlling physiological arousal, and can thus help officers to maintain adequate
levels d decisionmaking and acting in stressful situations. There may be downsides to such
stressreduction attempts, however. Suppressing stress responses can lead to additional
stress in the longer run, and may activate coping processes theg¢ jpldditional sessor loads

on police officers (e.g., Crum, Salovey, & Achor, 2013). This points to the fact that the
mechanisms to mitigate the stress response come with a cost, which is the expenditure of
mental effort, potentially resulting in additional or more clmio stress levels and fatigue.

The last component that has received increasing attention in the police sciences literature is
mindfulness. We may align some of the core tenets of mindfulness to the mechanisms
proposed in the conceptual model. The aim ohdfulness is to be present in, and accepting

of, the moment. One might argue that being present in the moment and attentive to how
things evolve enables godirected processes and lowers stress leviglmay particularly be

the acceptance component of mdfulness that aligns with the propositions of the model. If
officers notice and accept their stress levels and then proceed to direct their attentional
processes in a goal directed manner, then performance is facilitated in stressfuligkgh
circumstarces

From the intervention studies discussed we infer two conclusions that support the proposed
conceptual model.First of all, the ability to decide and act adequately in stressful
circumstances is malleable, police officers can be trained to cope buiitdr stressful
circumstancesind maintain performance. Second, the interventions thatéhbeen reported

to help with thisability align well with the mechasm the conceptual model proposésr
mitigation of the stress response and its consequences.
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Additional support for the investment of mental effort to steer attentional processes comes
from studies on sel€ontrol of police officers (e.g., Landman, Nieuwenhuys, & Oudejans,
2016b; Giessing et al., 2019). Setintrol is the capacity to go against dommaesponse
tendencies and to regulate, behavior, thoughts, and emotidremmdman et al. (2016) and
Giessing et al. (2019) point to sebintrol asplaying a role in performance of police officers,
but it seems that only if setfontrol is directed at goalirected processing, and not on
lowering anxiety, is helps shooting performance under stressful circumstances.

Overall, the research findings described support the idea that investing mental effort may help
in retaining the proper attentional processeadisubsequent performance of police officers
under stress. It is important to realize that under increased levels of stress, police officers
often or always experience investing more mental effort in task execution (Giessing et al.,
2019;Nieuwenhuys, Capw, Leijsen, Schmeits, & OudejaR809; Nieuwenhuys et al., 2012;
Nieuwenhuys & Oudejans, 2010, 2011; Renden et al., 2Qftgh this investment of mental
effort is not immediately effectivehowever,in preventing the negative effects of stress
performance levelstilldecrease. Yetfter a specific training intervention (e.g., training under
stress, imagery) similar high levels of mental effort are reported, which now apparently is
more effective in controlling attentional processes and maintaigiperformance, that is,
effective in preventing the negative effects of stress (Colin et al.,, 2014; Nieuwenhuys &
Oudejans, 2011; Renden et al., 2017).

4.4 AttentionalProcesses anBecisionMaking andActing

In this fourth part of empirical support basically all previous points come together, but now

with an eye for apparent effects on attentional processes and eventual performance
(decisioamaking and acting). It is known that stress may have a negativet effepolice
2TFAOSNRBQ LISNF 2 NY I y GRienthgf, 2006ziN@rveloet 2 ,y190B; Rvright Y St f
& Saylor, 1991as cited inAndersen et al., 2015). Still, research actual, on duty
performance of police officers is scarce. Relatively more exyerial or simulation studies

are available. For instance, Covey and colleag@ss/ey,ShucardViolanti, Lee, & Shucard

2013) found that police officers with symptoms of streskated anxiety were more likely to

shoot inappropriately in simulated criatevents.

Furthermore, several studies have investigated effects of threat on actual performance in
handgun shooting (Nieuwenhuys & Oudejans, 2010, 2011) and decisions to shoot
(Nieuwenhuys, Canddruland, & Oudejans, 2012; Nieuwenhuys, Savelsbergh, &jénsl

2012; Nieuwenhuys et al., 2015), as well as in arrest andistdhse skills (Renden, Landman,

et al., 2017; Renden, Savelsbergh, & Oudejans, 2017). In all studies the level of threat under
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which police officers had to (decide and) act was maniedlacreating lowthreat and high

threat conditions. Some studies found direct negative effects of threat on visual attention
(Nieuwenhuys & Oudejans, 2010, 2011) leading to worse shooting accuracy, in line with the
conceptual model. In other studies it pgared that the more threatelated interpretation of

the available information led to negative effects on the decision to shoot or not to shadt

on the eventual shooting actigiiNieuwenhuys, Savelsbergh, & Oudejans, 2012; Nieuwenhuys,
CanalBruland, &0Oudejans, 2012)Both direct effects of perceived threat on attention and
changes in the interpretation of the situation due to threat are in line with the conceptual
model thata stresgesponsemay impact performance via different routes.

The work of Reden and colleagues (e.g., Renden, Landman, et al., 2017; Renden, Savelsbergh,
& Oudejans, 2017) confirms that what has been found for shooting also holds for more
complex constellations of arrest and sd#fense skills. Both studiesedrealistic scenarios

and showedthat higher levels ofinxietyled to changes in perceptual strategies (scanning,
alertness), decision making (taking position, communication, skills used) and action execution
(controlling the suspect, handcuffing, overallaity of skill execution), all in line with the
conceptual model and the elements included.

It is important to realize thathe approachof a potential suspect and eventually having to
take actions varying from controlling, handcuffjmgshooting the sspect(depending on how

the situation evolvef involves numerous decisions regarding how to approach the suspect,
where to position yourself, how to communicate etc. As suble results of Renden and
colleagues (Renden, Landman, et al., 2017; Render|sBargh, & Oudejans, 2017) underline
that stressdoes indeed affect the entiraction packag®f perceiving the situation, deciding
what to do, and doing that. Moreover, just as training under stress has been found to
positively affect shooting accuraby police officers under pressure, Renden, Savelsbergh and
Oudejans (2017) demonstrated that with specific training (already with one training session)
it is possible to improve arrest and sekifense skills under stress by (a) focusing attention on
recoqnizing signals (perception and attentional processes) of imminent threat in the phase
prior to physical contact with an assailant, and (b) continuing actions despite primary reflexes
to a threat (the flinch response).

In short, empirical data show that iline with the conceptual model, threat may affect (a)
attentional processes affecting perception and interpretation of the situation in question, and
hereby (b) decisicmmade with respect to actions taken, and (c) eventual quality of execution
of theseactions and hence, overall performance. Furthermore, the research shows that with
proper training police officers can be trained to be better prepared for {sigéss situations
(see also Anderson, Di Nota, Metz, & Andersen, 2008 challenge of the SHIBROS project

mr

30



| =
4") SHOTPROS

is to design and explore possibilities to use and implement virtual reality in training programs
to better prepare police officers in Europe to make decisions and act appropriately in high
stress situationsThe conceptual model dictates amber of implications for VR training, as
outlined inchapters2 and3 of this deliverable D3.2, In this chap{d) we provide eviagnce

for the components of the conceptual model, thus strengthening the foundation of the
implications for trainindpased on the model.

5 ResearcigendaBased on theModel

The conceptual model provides a framework for developing (VR) training for demisiking

and acting of policefficers in stressful situations. As describeahapter 4 large parts of the
model have already been validated in the scientific literature. The model is genuinely
evidencebased. Still, within SHOTPROS several elements of the model should be further
investigated to provide input for VR development and VR trairamgl to test the efficacpf

the proposed imptations of the model for VR trainingherefore, we havereated9 concrete
research questions:

1. How can human factors proposed in the model be used to create realisticaititng
with proper levels of stress?

2. How can the humaifiactors proposed in the model be e to create VRraining in
whichadequate mental effort strategies are provoked?

3. Does VR provide opptunities to train with a widerange or much quicker alteration
of human factors that create stressful circumstantesn exisiting realworld training
approache8

4. Is VRraining helpful in makingolice-officers aware of changes in their attention,
interpretation, and response tendencies in stressful situations (throaigér-action
review (AAR) for example, potentiallytivlayered feedback’

5. Is VRraining helpful irmakingpolice-officersdiscover effective strategies to mitigate

changes intheir attention, interpretation, and response tendencies in stressful
situations (through cues, stresso@nd repetitions, online layered feedback, through
deliberate practice in VR

6. Does VRffer training ground for (implicit) development of effective motoguristics
and embodied choices (effective DMAat are useful angalient in stressful, highisk
situations on actual duty?

7. Which features of VR provide particularly useful feedback for police officers

8. What is the required or optimal frequency and duration of VR training?

9. How realistic is realistic enough in#Rining?
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5.1 Plan of action

To answer these questions several studies/e been either executedor planned within
SHOTPROThese studies are specified here in this plan of action. Thisjuaely aligawith

the D6.1 Human Factors study planat supports the preparation and execution of the human
factor experiments and studies that have to be carried out according to the research questions
addressed inWP24, and for details we refer the reader to deliverable D@hkis action plan
focuses onand presents the completed, ongoing, and planned studies and gpecific
contribution to theresearch questions based on the SHOTPROS conceptual model created in
WP3 An overview of how the different studies contribute to the nine reseagalstions is
provided inTable2. Below Tabl@ we briefly explairhow each study contributes to answering

the research questions it is linked tdo avoid redundanciesye refer to the D6.1 Human
Factors study plarior amore detaileddescription of eaclstudy.
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Research Question 1
Q Q Q Q
Research Question 2
ch Questi RQ 2 RQ 2
R h tion 3
esearch Question RQ3 RQ3 RQ3
Research Question 4
Questi RQ 4 RQ 4 RQ 4 RQ 4
Research Question 5
Q RQ 5 RQ 5 RQ 5 RQ 5
Research Question 6 RQ6
R h tion 7
esearch Question RQ7 RQ7 RQ7
Research Question 8
Q RQ 8 RQ 8
Research Question 9
RQ9 RQ9

Table2. Overiew of the studies that serve to answer each research question.

User_Req: User requirements analysisidy & evaluation completedyhis study contributes
to research question$ and 2,as it fed into theselection of human factors identified by end
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users that can be further empirically tested on their ability to induce stress and investment of
mental effort.

TrainPrac: Analytics and Validation of Current Training Practices of EuropeafstuBys
completal & ongoing)This study contributes to research questiohand § as it feeds into

VR training possibilities in combination with existing training curricula. Furthermore, the study
reflects on LEA's training objectives and how they are related to \fRniggpossibilities.

Case Study: Police Officer's Psychophysiological Stress Reactivity dstiiiyy& evaluation
comgeted).This study contributes to research questidnsand 2,as it addressed the
psychobiological stress reactivity that can be expedted police officers in redife high
stress situations. As such, the study feeds into the requirement thatafiitng should elicit
sufficient stress to identify threatelated attention, interpretation, and response tendencies
that characterize stimuis-driven attention in police officers when they are stressed.

Paintballstudy: Performance under Physical and Psychological &edg & evaluation
completed).This study contributes to research questidnss it addressed the validation of
influencing human factors for the conceptual model. The study contributes to research
guestions4 and 5 as it explored ey#racking feasibility as a measure for visual attention. As
such, it provides information about measurement instrument selection regardingatiolics

and awareness of attentional processes.

EnschVR: Comparison between realised scenario training and VR scenario trairiatgdy
completed, evaluation ongoing)This study contributes to research questidns2,as it
showed that higher levelsfeense of presence in VR increased the level of perceived stress
and investment of mental effort. The study contributes to research que&joams it will
provide insights into physiological responses that VR training can elicit compared to-reality
basedtraining.

ZuriVR: The effect of different feedback options and the addition of a pain stimulus on the
(learning) experience of Swiss police officers in VR traisiagy completed, evaluation
ongoing) This study contributes to research questidn<,asit identified that adding a pain
stimulus increased the level of perceived stress. The study contributes to research
guestions4, 5, and 7as it identified which feedback features of the afstion review (AAR)
were most relevant for the quality of leaing.

DECTREE: Development of operational VR scenario (1st phase) fofSRMrainingstudy&
evaluation completed)This study contributes to research quest®ras it created scenario
contexts with various stressors and decisqmrints. As such, thetudy provides a basis for

mr

33



| =
4") SHOTPROS

further scenario development that provides the opportunity to train with a wide range of
human factors that create stressful circumstances.

RottVR: The impact of the type of instruction and level of experience on learning and VR
training experiencéstudy & evaluation completedyhis study contributes to research
guestions4 and 5,as it indicateghe effects ofthe level of experience and type of training
instructionon the learning experiencef VR training

SHOTCOVID: Policefficers officers’ work demands, stressors, and coping strategies during
COVID19 crisistudy & evaluation completed}yhis study contributes to research questidns
and 2,as it delivered insight into human and contextual factors that contribute tceimeed
stress levels in pandemic duty conditions.

RAT studyl & RAT _study?: Development of the Risk Assessment
Tool(ongoing/planned)These studies will contribute to research questibrand 2as it
provides a categorization of HF that influence DBIR, ad provides informatiorinto which
human factors and stressors to include in the ¥Rvironment.

HFEWeek 1: Initial Stressors + Stressors in Training Sce(@aonsed).This study will
contribute to research questior, 2, and 3 as it will integratestressors into comprehensive
police training scenarios and investigate the potential interrelation between different
stressors present in the scenarios and activities demanded from the police officers in these
scenarios.

HFWeek?2: Efficacy of VR trainipéanned).This study will contribute to research questiohs

5, 6, and 9as it will compare four training interventions (scenan@sed based training vs. VR
training vs. combined scenarlmased and VR training vs. passive control group) on learning
andperformance outcomes (e.g., sd@fficacy, stress, decisiemaking).

HFWeek 3: Assessment of stress responses in-weddl training compared to VR
training (planned) This study will contribute to research questidns2, and 3as it will
investigate bth realworld and VR training psychological and physiological stress responses
to identify stress and cues that can be implemented in future VR scenarios.

TrainCompar: Direct comparison of realistic training and VR tra{plagned).This studywill
contribute to research questioidand 8 as it will conduct a direct comparison of realistic
training and VR training regarding how much actual training is done in a specific time, how
many repetitions are executed, how many variations (of scenario) are ee@chbow much

and what type of feedback is provided (on top of measurements of stress levels and [learning]
experience with VR).
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6 Proceedings fote Visit Results

In deliverable 3.18/ 2 YLI NA a2y | yR ! yiyae i dBiNSDiuinbedE A 3 G A Y
that the findings of the desk research described>3.1would be enriched and croshecked

with site-visitsat the location of the LEAs atitat the subsequential results would be reported

in deliverable 3.2 In cooperation with the SHOTBR LEAsthe site-visits have been
conducted in the timeframe from December 2019 to March 2020 with the aim to observe
training and assessment methods, as well as to conduct interviews with police instructors.
Upon initial analysis of the siésit resulsand conceptualizing the human factors modee

have decided to exclude thate-visit findings from thereporting of the conceptual model in

D3.2.The reason for thisxclusionisthe lack of coherence between the siesit results and

the elaborationof the HFDMA modellnstead, the results from the siesits will be reported

AY RSEAOGSNIOGES odoX G9dzNRPLISIY CNIYSg2N] F2NJ
to the reported content (i.e.proposed training concepts, training methods, and tragnin

moduleg can be established momongruously
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