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Abstract
Virtual reality can be used for educational purposes, particularly in demanding professions such as firefighting. Such virtual 
training may be useful for preparing trainees for distress, fear, or frustration experienced during real rescue operations. Evok-
ing cognitive schemas, especially of other people, during training appears to be crucial as well, as the greatest stressors in 
the firefighting profession are social. Based on interviews with firefighters, two types of people (children and young women) 
were chosen as stimuli in the research design. In an experimental study with three iterations, the stimuli designed to evoke 
the schema of a significant other were implemented in a virtual reality simulator to evoke a cognitive schema in firefight-
ers through emotions (positive and negative) and several dimensions of stress. The first iteration of the study did not yield 
expected results, as the stimulus (a child’s toy) was not as suggestive and vivid as it was expected. In the second attempt, 
the stimulus was improved and evoked feelings of challenge, harm, and loss in the participants. In the third iteration, the 
stimulus was changed once more (to a white dress) and this time it evoked negative emotions of fear, anger, guilt, and sad-
ness. However, after correcting for multiple comparisons, only results regarding emotional response remained statistically 
significant. The results are discussed in light of cognitive schemas’ activation, and perspectives for further research in this 
scope are proposed. Due to research outcomes, the issues of manipulation checks in experimental psychology and limitations 
of the VR technology are taken into consideration.
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1  Introduction

1.1 � Virtual training

Firefighting is considered to be one of the most dangerous 
professions. According to the State Fire Service of Poland, 
1820 firefighters were injured (including one fatal injury) 

during rescue operations in 2018 (The State Fire Service of 
Poland 2018). Therefore, it is not surprising that firefighters’ 
training is also demanding and extensive. In Poland, basic 
firefighter education includes 177 training days, of which 
78 days (622 h) are devoted to didactic classes and 90 days to 
professional practice. As part of their apprenticeship, cadets 
are required to serve a minimum of 28 full-day shifts (i.e., 
24 h per one shift). The didactic classes are conducted in the 
form of lectures and practical classes concerning such issues 
as occupational health and safety, service in the National 
Fire Service, psychological aspects of rescue operations, the 
physical and chemical phenomena, extinguishing equipment, 
firefighting tactics, rescue tactics, and physical education 
(The State Fire Service of Poland 2016). Such field training 
is expensive and difficult to manage. Two-year training for 
one cadet costs about $36,600 (Supreme Audit Office 2012). 
In this light, it seems that training in virtual reality (VR) 
seems to be a valuable complement to the comprehensive 
education of firefighters.
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This solution is not particularly new as professional VR 
simulators have been successfully used in the fire service. In 
a literature review, Williams-Bell et al. (2015) describe more 
than 20 examples of the use of virtual reality, video games, 
and serious games for firefighters. Such simulators can be 
used to train managing skills, rescue procedures, or safety 
behaviors (Williams-Bell et al. 2015). Moreover, simula-
tions are also created to illustrate the process of fire and 
smoke propagation (Beaudoin et al. 2001). Virtual reality 
can provide the user not only with visual and audio stimuli, 
but also with haptic or heat sensations (Han et al. 2018). 
Such solutions have many advantages in the educational 
field, i.e., they are a safe and profitable alternative to tra-
ditional training (Williams-Bell et al. 2015), and they have 
high face validity and allow for customization and repeti-
tion of the training scenarios (Haque and Srinivasan 2006; 
Johnsen et al. 2005). This is particularly important because 
of the high number of injuries (31% of all injuries) during 
firefighters training (Jahnke et al. 2013).

One of the reasons for high interest in VR training is that 
professional simulators implement solutions from the gam-
ing industry, namely game design elements (Deterding et al. 
2011)—patterns and mechanics which make training simula-
tors more engaging (Fabricatore et al. 2014). Furthermore, 
it is argued that massive multiplayer gaming (MMPG) tech-
nology could be effective for training purposes by providing 
scenarios based on planning, coordination, teamwork, and 
decision making under stress (Alexander et al. 2005)—all of 
which correspond with the everyday work of firefighters. In 
addition, the impact of video games on effective learning has 
been repeatedly demonstrated empirically (e.g., Graafland 
et al. 2012; Hoffman and Nadelson 2010; Rosser et al. 2007). 
Playing video games arouses positive affect, satisfaction, and 
joy, all of which are related to intrinsic motivation and reach-
ing goals, but only if the game is challenging (Hoffman and 
Nadelson 2010). To learn effortlessly, playing a game should 
evoke a high level of excitement (Graafland et al. 2012). 
Therefore, game-based simulations seem to be a promising 
training method.

Moreover, Alexander et al. (2005) argued that one of the 
basic conditions of knowledge or skills transfer is psycho-
logical fidelity, which is defined as “the degree to which the 
simulation replicates the psychological factors (i.e., stress, 
fear) experienced in the real-world environment” (Alexan-
der et al. 2005, p. 4). Psychological fidelity provides essen-
tial elements that encourage users to become emotionally 
involved (Brackney and Priode 2017). Therefore, there is a 
possibility that virtual environments may be psychologically 
compatible enough with the real ones to produce meaningful 
engagement in the users (Evans 2019).

Regarding VR simulators for fire service, training this 
compatibility (or psychological fidelity) appears to be cru-
cial because of the daily routine full of stressors which may 

elicit negative emotions. Studies show that during rescue 
operations firefighters may experience a high level of dis-
tress, feeling of powerlessness, fear, sadness, aggression, 
annoyance, and frustration (Brooks et al. 2016; De Soir et al. 
2012; Gormley et al. 2008). Eventually, commonly experi-
enced negative emotions may lead to burnout, depression, 
or even posttraumatic stress disorder, which firefighters are 
particularly vulnerable to (Carey et al. 2011; Wagner et al. 
2010; Lourel et al. 2008). There might be also short-term 
consequences of experiencing negative emotions during a 
rescue action such as injuries, low efficiency, and freezing 
reaction (Katsavouni et al. 2016; Smith et al. 2018; Ly et al. 
2017). Taking into consideration the role of negative emo-
tions in the fire service, it seems that designing a training 
during which firefighters experience the same emotional 
states as in a real action could contribute to better recall 
of the procedures and—in consequence—to better perfor-
mance. Such emotional states could be evoked using specific 
stimuli, aimed at increasing the psychological fidelity of the 
scenario of virtual training.

The attempt of evoking negative emotions in a virtual 
training environment is consistent with the concept of mood 
state-dependent memory which “implies that what one 
remembers during a given mood is determined in part by 
what one learned (or focused on) when previously in that 
mood” (Blaney 1986, p. 229). The match between the encod-
ing and retrieval mood depends on the intensity of an emo-
tional state involved during the encoding—the more intense 
mood during learning, the better recalling and remember-
ing. Additionally, learning and remembering are affected by 
environmental context. Information encoded during real-life 
events is better remembered than information gained in the 
course of intentional or incidental learning (Ucros 1989).

1.2 � Schema activation and freeze frames

Evoking emotional states in the context of the mood-state 
dependency effect (Blaney 1986) mentioned in Sect. 1.1 
appears to be not an easy task. It could be the case that 
photo-realistic images and high-fidelity sounds provided 
by VR may evoke emotional reactions, just like in real-life 
situations. Regarding the goal of firefighters’ training, this 
approach may be considered useful. Developing a photo-
realistic virtual environment is however still expensive 
and extremely laborious. As a response to these issues, 
we believe that there is another, more sophisticated (and 
at the same time, significantly less expensive and labori-
ous) method of evoking the emotional states desired by the 
trainer. This approach is based on previous experiences of 
the trainee or content embedded in their culture, namely cog-
nitive schemas (Tesser and Leone 1977) they have acquired.

A cognitive schema consists of structured knowledge and 
experiences, and it functions as a relative reference point for 
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information. Every new information received by an indi-
vidual is assessed in terms of consistency with the existing 
schema. If information is evaluated as consistent with the 
existing schema, it is incorporated into cognition. On the 
contrary, inconsistent information may be ignored (Tesser 
and Leone 1977; Fiske and Taylor 1991; Hommel 1996; 
Axelrod 1973). Therefore, existing schemas determine how 
the observed phenomena are interpreted and understood. 
According to Derry (1996), there is one more function of 
schemas—the memory object activation, which is connected 
with specific information. It means that some stimuli may 
trigger particular memories, including emotions and behav-
iors related to them.

We believe that evoking emotions in firefighters is pos-
sible by activating a specific schema and therefore decided 
to test whether a schema can be effectively activated in VR. 
In particular, we decided to focus on the schema of a sig-
nificant other, which is defined as a prototype-based theme 
(Wyer et al. 1984). The schema of a significant other is acti-
vated and applied to a new person if they possess a particular 
attribute similar to somebody already known (Wyer et al. 
1984). According to Andersen et al. (1996), the schema of a 
significant other is always ready to be activated by process-
ing transient contextual cues.

One of the reasons why we decided to focus on this 
schema is the importance of social aspects in the firefighter 
profession. The greatest stressors include events such as wit-
nessing death of a co-worker, suffering a minor injury by 
the firefighter themselves, and rendering aid to adult stab-
bing victim, friend or relative, seriously injured adolescent 
(Beaton et al. 1998)—most of them are related to other peo-
ple. Another reason is that, as reported by Woodall (1997), 
during a rescue action “the firefighter almost immediately 
made a tie, a connection, with the victim and a person (usu-
ally their child, significant other, or parent) close to them in 
their personal life” (Woodall 1997, p. 157). Moreover, in a 
literature review, Brooks et al. (2016) pointed out that strong 
identification with a victim may be connected to intrusive 
thoughts and symptoms of PTSD. Tendency to identify a 
victim as a friend could cause firefighters to be more emo-
tionally involved. These reports seem to be consistent with 
the results of our preliminary qualitative study (Strojny 
et al. 2018) in which we interviewed firefighters and para-
medics about rescue operations. Eighteen partially struc-
tured interviews with rescuers from the State Fire Service 
were conducted to collect examples of stressful situations. 
Interpretative phenomenological analysis (IPA; Smith and 
Shinebourne 2012) was used to approach the interviews. The 
participants reported many highly emotional and stressful 
events, for example:

I think that you act differently with children, because 
(…) that child has just begun its life. So it is only at 

the first stage [of life], and then suddenly this life turns 
upside down. (…) And children are delicate. And 
many firefighters, I have noticed, are most scared of 
helping newborns, or children old up to three, four 
years. (…) Because then everybody suddenly imagines 
their child.

(…) There was a woman driving to some hen party. 
(…) Her head was split open, they say that some of 
her brain… that… it made a hole in her head. And we 
arrived – at that moment she had already been carried 
into the ambulance by the firefighters who had come 
first (…). You look and you see, say, that her clothes 
are hanging. Some elegant clothes, shoes, everything, 
she was driving somewhere, someone was waiting for 
her and you get such thoughts. Somebody was waiting 
for her, she didn’t arrive, and someone is expecting 
her soon and will start to worry that she hasn’t come.

The qualitative analysis of the interviews indicates that 
during rescue operations firefighters are often surprised by 
objects which are unexpected in a particular situation, but 
are nonetheless considered regular, everyday items (e.g., 
an outfit for a bachelorette party). Such objects can evoke 
mixed emotions or even cognitive dissonance. Firefighters 
repeatedly report that such situations cause them to halt their 
well-learned routines and make it momentarily impossible 
to take action.

These results seem to be consistent with several studies 
that have shown that rescuing a child, a friend, or a fam-
ily member is a very stressful event (De Soir et al. 2012; 
Katsavouni et al. 2016; Regehr et al. 2003). Inability to take 
action may stem from a response to an acute stress, namely 
a freezing reaction (Ly et al. 2017). Threat-induced freezing 
is characterized by heart rate deceleration and immobility. 
However, it seems to serve as a cognitive preparation for 
taking action rather than an inability to act (Gladwin et al. 
2016). Acute stress inducing such reaction may be caused 
by different stimuli as well. It is possible that even every-
day objects (e.g., a toy, an outfit for a bachelorette party) 
can trigger such reaction by activating the cognitive schema 
(Hagenaars et al. 2014; Azevedo et al. 2005). Therefore, 
we called them “freeze-frame” situations or stimuli. This 
kind of stimuli corresponds well with the idea of Woodall’s 
(1997) mental bridge—a connection between a firefighter 
and a victim, and it appeared implementable in our training 
VR simulator.

We decided to explore the possibility of evoking desired 
psychological states (as reported by firefighters during inter-
views and based on previous studies on the topic) using two 
“freeze frames” designed entirely based on the previously 
cited qualitative study. Namely, the first one was an acci-
dent in which the victim could have been a child—it was 
reported by many firefighters when asked about particularly 
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stressful situations. Children are a special type of victim—
the reaction of caretaking triggered by a child is evolution-
ary (Glocker et al. 2009; Miesler et al. 2011). Firefighters 
report that when the victim is a child, they immediately think 
of children they know (Monteiro et al. 2013). The second 
freeze frame we chose was the situation described in the 
above quotation—a car accident involving a bride-to-be 
which was selected due to the reported strong impact on the 
emotions of a participant of the qualitative study. Noticing 
a dress in the crushed car caused the rescuer to stop the 
procedure, maybe even to freeze. His reaction—reflecting 
on the personal life of the victim instead of acting—could 
be explained by activation of the cognitive schema of a sig-
nificant other, caused by nothing more than just an elegant 
outfit. In the present study, the bachelorette’s outfit was 
changed to a white wedding dress laying on the backseat of 
the car, as a wedding dress appeared to be more unequivo-
cal in interpretation than elegant clothes. It is noteworthy 
that both situations were designed without the participation 
of virtual agents representing the mentioned people (bride, 
child). Only the objects aimed at activating the appropriate 
cognitive schemas were put on the virtual scene.

To conclude, based on the literature review and the 
qualitative study, we formulated the following research 
hypotheses:

1.	 Placing freeze-frame objects in the simulation would 
lead to an increase in negative emotions (fear, anger, 
guilt, sadness).

2.	 Placing freeze-frame objects in the simulation would 
lead to a decrease in positive emotions (joy, love).

3.	 Placing freeze-frames objects in the simulation would 
strengthen the experience of situational stress (in the fol-
lowing aspects: harm/loss, challenge activity, challenge 
passivity, and threat).

To test these hypotheses, we implemented the freeze-
frame stimuli in a VR training simulator.

2 � Study I

2.1 � Materials and methods

In this paper, a part of an experimental study with four itera-
tions overall is described. The main goal of the study was to 
assess the influence of changes implemented in a VR train-
ing simulator on participants’ subjective feelings and their 
several physiological parameters (for more detailed informa-
tion about the design of the study and all methods used, see 
Online Resource 1).

For this report, we present data from two groups: the 
freeze-frame experimental condition and the control 

condition in the first, second, and third iteration of the study, 
respectively. The presented research was accepted by the 
Ethical Committee at Jagiellonian University, at the Institute 
of Applied Psychology.

2.1.1 � Participants

The participants of the study were recruited at the College 
of the State Fire Service and firefighting units in Cracow 
(Poland); all of them had undergone at least 1 year of train-
ing and had participated in real-life rescue operations. Sixty 
firefighters (professionals: n = 14, or cadets: n = 46) partici-
pated in the described part of the study: 59 of them were 
men and one was a woman; their age ranged between 19 
and 40 (M = 23.77, SD = 5.51). The length of service ranged 
between 1 and 19 years (cadets: M = 1.13, SD = 0.62; profes-
sionals: M = 9.50, SD = 4.36).

2.1.2 � Procedure

The experimental procedure was identical for all three itera-
tions and is described in this section. Any changes in the 
stimuli will be noted in the corresponding sections. For the 
experiment, the HTC Vive VR hardware was used; the par-
ticipants were given a head-mounted display (HMD), two 
wireless handheld controllers, and headphones. HTC Vive 
HMD has a 110-degree field of view and a refresh rate of 
90 Hz. The HMD was connected to a PC with a 3.40 GHz 
Intel Core i7 processor, 16 GB of RAM, and an NVIDIA 
GeForce GTX 1080 graphics card. The simulator used in 
the study was developed using the Unity engine. The simu-
lated scenario included a car crash on an intersection in a 
small town. A screenshot of the simulated environment is 
presented in Fig. 1.

Six victims were present at the scene of the incident. 
The participants could perform several actions, i.e., they 
could walk around the VR environment (at walking speed 
in a safe space designated using room setup tools provided 
by the producer of the VR set) or move instantly from one 
place to another, chosen one, using a “teleportation” mode. 
Therefore, there were two cases of movement speed: If the 
teleportation mode was chosen, the change of place in the 
virtual environment was instant, so it had no speed per se. If 
the participant decided to walk, the movement speed in VR 
was the same as walking speed in the real world. They could 
also secure the accident site using bollards and open the 
car doors. The possible interactions with victims were: con-
ducting the SAMPLE interview,1 checking several physical 

1  SAMPLE is an acronym for six basic questions in a medical assess-
ment: symptoms, allergies, medications, past medical history, last 
oral intake, and events leading up to present injury.
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parameters (pain reaction, breathing, airways, and capillary 
recurrence), covering the person with a blanket, and dress-
ing the wounds. Only some of the objects presented at the 
scene were interactive (bollards and car doors; one could 
also interact with the virtual agents). Other objects (e.g., 
toy) could not be moved.

In this iteration, in the experimental condition, there was 
a sticker on the back window of the car saying “DZIECKO 
W AUCIE” (“child in the car”/“baby on board” in Polish). 
A toy—a wooden train—was laying on the front passenger 
seat. The location of the stimulus was chosen based on the 
fact that during a rescue action the car should be examined. 
In the control condition, no such item was present. Sample 
screenshots of this stimulus are presented in Fig. 2.

Upon arrival at the laboratory, the participants gave an 
informed consent in accordance with the Declaration of 
Helsinki, were briefly interviewed, and equipped with the 
apparatus for measuring several physiological variables. For 
the experimental task, the participants were asked to conduct 
a 5-min rescue action in the aforementioned VR simulator. 
They were asked to adhere to the procedure described in 

the regulations of the National Firefighting and Rescue Sys-
tem for the State Fire Service in Poland (Zasady organizacji 
ratownictwa medycznego w Krajowym Systemie Ratowniczo-
Gaśniczym 2013). After the experimental task, the partici-
pants completed a set of questionnaires that were adminis-
tered using the tool provided by SurveyMonkey.2

2.1.3 � Measures

The questionnaires used in the study are described in this 
section. In this paper, we focus on measuring the affective 
state and stress experienced by the individual.3

The Self-Assessment Manikin (SAM; Bradley and Lang 
1994) is a pictorial questionnaire that allows assessment 
of emotional responses to stimuli in three fundamental 
dimensions: valence, arousal, and dominance. The Scale 

Fig. 1   An overview of the 
simulated environment present-
ing a car crash accident on the 
road intersection involving six 
victims

Fig. 2   The freeze-frame stimulus in the first iteration of the study. The left panel presents the rear window with the “baby on board” sticker. The 
right panel presents a side view of the open car and the child’s toy on the front seat

2  www.surve​ymonk​ey.com.
3  For the description of other methods, see the Supplementary Mate-
rials.

http://www.surveymonkey.com
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of Emotions (SoE, Wojciszke and Baryła 2005) is used to 
measure the intensity of six basic emotions: joy, love, fear, 
anger, guilt, and sadness. The questionnaire was validated 
by its authors (Wojciszke and Baryła 2005), and it reveals 
high psychometric properties. The internal consistency was 
evaluated by the authors of the questionnaire (Wojciszke and 
Baryła 2005) with Cronbach’s alpha. The coefficients for 
all six subscales were as follows: α = 0.81 for joy, α = 0.82 
for love, α = 0.80 for fear, α = 0.85 for anger, α = 0.55 for 
guilt, and α = 0.86 for sadness.4 The Stress Appraisal Ques-
tionnaire (SAQ; Włodarczyk and Wrześniewski 2010) was 
used to measure situational stress, which can be described 
with the following dimensions: harm/loss, challenge activity, 
challenge passivity, and threat. The psychometric evalua-
tion of the questionnaire revealed satisfying internal consist-
ency coefficients (Cronbach’s alpha for: harm/loss α = 0.80, 
challenge activity α = 0.71, challenge passivity α = 0.76, 
and threat α = 0.90; Włodarczyk and Wrześniewski 2010). 
A manipulation check was administered as well to check 
whether the participant had seen the freeze-frame stimuli. 
The participants were asked whether they had seen the fol-
lowing objects: dog, drone, bystanders, policeman, and toy. 
Some of the objects were stimuli in other experimental con-
ditions, and some of them were masking items.

2.2 � Results

Firstly, the manipulation check in the experimental group 
was evaluated. It was discovered that among 30 participants 
in this group, only three of them (10%) declared that they 
had seen the freeze-frame stimulus. Moreover, not surpris-
ingly, no significant changes were discovered between the 
freeze frame and the control group regarding the affective 
state and emotions (see Table 1; for raw data see the Online 
Resource 2). In Table 1, the effect sizes for each comparison 
are reported (Cohen’s d; Cohen 1988, 1992). The Cohen’s 
d coefficient was calculated according to the following 
formula:

According to Cohen’s (1992) guidelines, thresholds of 
0.2 (small), 0.5 (medium), and 0.8 (large) are suggested to 
be used for interpreting d values.

2.3 � Conclusions

The results of the first iteration of the study led us to the 
conclusion that stimuli implemented in the VR simulator 
should be chosen and placed in the virtual environment 
more carefully. More effort should be put in ensuring that 
the crucial stimulus would be visible to all participants, 
regardless of what route or order of actions they took. The 
lack of differences between the two groups in terms of affect 

d =

(

Mcontrol −Mexperimental

)

√

((SD2
experimental

+ SD2
control

)∕2)

Table 1   T test results 
comparing the experimental 
and control group on emotions, 
affect, and stress in the first 
iteration of the study

*p < 0.05; **p < 0.01; ***p < 0.001

Experimental Control t test Cohen’s d

M SD M SD t df p

Self-Assessment Manikin
 Valence 7.20 1.24 7.03 1.82 0.41 58 0.681 0.11
 Arousal 3.73 1.01 3.8 1.51 0.20 58 0.842 0.05
 Dominance 5.87 1.36 6.00 1.58 0.35 58 0.727 0.09

Scale of Emotions
 Joy 2.34 1.30 2.74 1.34 1.17 58 0.245 0.3
 Love 2.49 1.03 2.52 1.08 0.09 58 0.927 0.03
 Fear 2.47 1.05 2.13 1.15 1.17 58 0.246 0.31
 Anger 1.58 0.71 1.45 0.75 0.71 58 0.482 0.18
 Guilt 1.61 0.50 1.40 0.67 1.36 58 0.18 0.36
 Sadness 1.70 0.66 1.49 0.69 1.19 58 0.237 0.31

Stress Appraisal Questionnaire
 Harm/loss 0.23 0.34 0.26 0.50 0.23 58 0.822 0.07
 Challenge activity 1.62 0.64 1.46 0.66 0.96 58 0.342 0.25
 Challenge passivity 1.81 0.63 1.68 0.62 0.82 58 0.413 0.21
 Threat 0.36 0.49 0.30 0.45 0.46 58 0.648 0.13

4  The authors of the Scale of Emotions evaluated its properties on 
four different groups of participants. Given indicators refer to the 
group which is the most similar to our participants—young males in 
their education period. The Cronbach’s alpha coefficient is low for the 
guilt subscale for the referred group; however, in a similar group (uni-
versity students) it increases to 0.75.
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and emotions most probably stemmed from the fact that the 
stimulus was not seen by the participants; therefore from 
their perspective, the conditions did not differ at all.

Taking these observations into consideration, we decided 
to improve the quality and accessibility of our freeze-frame 
stimulus. We decided to work further with the suggestion of 
the child being present at the scene and to add more relevant 
items to the simulated environment.

3 � Study II

3.1 � Materials and methods

3.1.1 � Participants

Fifty-five firefighters (professionals: n = 9, or cadets: n = 46) 
participated in the described part of the study: 54 of them 
were men and one was a woman; their age ranged between 
19 and 40 (M = 22.82, SD = 4.61). The length of service 
ranged between 1 and 19 years (cadets: M = 1.13, SD = 0.62; 
professionals: M = 9.44, SD = 5.64). They were the same 
individuals as in the first iteration, and the experimental con-
ditions were kept consistent. Due to the absence of specific 
participants or their refusal to participate in the study, the 
descriptive statistics are different than in the first iteration.

3.1.2 � Procedure

In the second iteration of the study, several improvements 
were made in the general design of the simulator. Specifi-
cally, the sounds were made more appropriate (e.g., sounds 
of passing cars and injured people moaning in pain were 
added). The model of the car was made more realistic (more 
detailed inside, thicker doors), and animations of the victims 
were added (while checking airways the victims opened their 
mouths, one of the victims would lose consciousness 40 s 
after engaging in an interaction with her).

Moreover, a change in the toy stimulus was made based 
on the results of the previous iteration. The toy was moved 
to the outside of the car; also, a child seat was added to the 
back of the car (it was visible from the outside of the car 
wreck, but it could not be moved from this place). Apart 
from that, the stimuli remained the same as in the first itera-
tion. Sample screenshots of the simulator are presented in 
Fig. 3.

A slight change was made regarding the administration 
of the questionnaires. From this iteration on, a Python script 
written in PsychoPy (Peirce 2007, 2009) was used as a tool 
for administering the self-report measures.

3.1.3 � Measures

No changes were made in the self-report measures used in 
this iteration of the study. The questionnaires are described 
in Sect. 2.1.3.

3.2 � Results

The manipulation check revealed that 16 out of 26 (61.5%) 
participants in the experimental condition had seen the 
stimulus. It was decided that such a number was enough 
to compare the two conditions in terms of affect and emo-
tions, without excluding observations. Significant differ-
ences were detected for two stress-related variables. The 
challenge-activity and harm/loss dimensions of stress were 
experienced more strongly in the experimental group (see 
Table 2; for raw data see the Online Resource 2). Effect sizes 
for the aforementioned variables are of moderate strength 
(for challenge activity: d = 0.74, for harm/loss: d = 0.6).

We also decided to use a correction for multiple com-
parisons. Due to a large number of comparisons, the Ben-
jamini–Hochberg procedure was chosen. This correction 
has more power than the Bonferroni and Sidak procedures 
when more than three comparisons are made (Benjamini and 
Hochberg 1995). This stepwise procedure sorts the obtained 

Fig. 3   The freeze-frame stimuli in the second iteration of the study. The left panel presents a child’s toy near the crashed car. The right panel 
presents the car’s interior and the child seat in it
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p values from lowest to highest and compares them to a criti-
cal value (i/m)Q, where i is the rank, m is the total number 
of comparisons, and Q is the false discovery rate (McDonald 
2009). According to the procedure, the largest p value that 
is smaller than (i/m)Q is significant, and all of the p values 
smaller than it are also significant. None of the obtained 
results is statistically significant using the Benjamini–Hoch-
berg procedure with the false discovery rate set to 10%.

3.3 � Conclusions

As the improved freeze-frame stimulus did evoke a stronger 
experience of stress in the participants in the experimental 
group, we decided to check whether different stimuli matching 
the schema of a significant other would work similarly. Having 
had collected a lot of qualitative data from the firefighters in 
the qualitative study mentioned earlier (Strojny et al. 2018), 
we chose a different type of person, with whom the partici-
pants could make a bond. However, after correcting for multiple 
comparisons, the observed effects did not remain statistically 
significant, so these results should be interpreted with caution.

4 � Study III

4.1 � Materials and methods

4.1.1 � Participants

Fifty-five firefighters (professionals: n = 7, or cadets: 
n = 48) participated in the described part of the study: 54 

of them were men and one was a woman; their age ranged 
between 19 and 39 (M = 22.11, SD = 3.7). The length of 
service ranged between 1 and 19 years (cadets: M = 1.13, 
SD = 0.62; professionals: M = 8.14, SD = 6.28). They were 
the same individuals as in the first and second iteration, and 
the experimental conditions were kept consistent. Due to the 
absence of specific participants or their refusal to participate 
in the study, the descriptive statistics are different than in the 
previous iterations.

4.1.2 � Procedure

In the third iteration of the study, more possible interactions 
with the victims were added. The participants could perform 
CPR and check the pulse of the victims. Moreover, they 
could perform passive oxygen therapy with the equipment 
from the medical bag.

The freeze-frame stimulus was changed to a white 
dress, resembling a bride’s attire, covered in blood, as it 
corresponded to some extent with the interview quoted 
in Sect. 1.2. This item was placed inside the car, but was 
visible from the outside. It should be noted that the dress 
was a mesh without implemented gravity and could not 
be moved from its position. Sample screenshots of the 
simulator are presented in Fig. 4.

4.1.3 � Measures

The self-report measures remained the same as the ones 
described in Sect. 2.1.3. Due to changed characteristics 

Table 2   T test results 
comparing the experimental 
and control group on emotions, 
affect, and stress in the second 
iteration of the study

*p < 0.05; **p < 0.01; a statistically significant using the Benjamini–Hochberg procedure

Experimental Control t test Cohen’s d

M SD M SD t df p

Self-Assessment Manikin
 Valence 6.27 1.54 6.66 1.65 0.89 53 0.376 0.24
 Arousal 3.69 1.35 3.66 1.61 0.09 53 0.927 0.02
 Dominance 5.35 1.06 5.66 1.32 0.95 53 0.345 0.26

Scale of Emotions
 Joy 2.50 1.11 2.68 1.31 0.55 53 0.584 0.15
 Love 2.34 0.87 2.34 1.04 0.001 53 0.999 0.00
 Fear 2.31 1.17 2.08 0.89 0.83 53 0.413 0.22
 Anger 1.66 0.47 1.71 0.82 0.24 45.34 0.813 0.07
 Guilt 1.65 0.73 1.58 0.80 0.37 53 0.713 0.09
 Sadness 1.75 0.81 1.43 0.53 1.74 53 0.088 0.47

Stress Appraisal Questionnaire
 Harm/loss 0.45 0.57 0.17 0.34 2.19 41.60 0.035* 0.60
 Challenge activity 1.62 0.60 1.18 0.59 2.71 53 0.009** 0.74
 Challenge passivity 1.48 0.61 1.28 0.67 1.03 53 0.308 0.31
 Threat 0.44 0.53 0.24 0.51 1.41 53 0.163 0.38
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of the stimuli, slight changes in the manipulation check 
were made. This time the participants were asked whether 
they had seen the following objects: an annoying witness, 
a drone, bystanders, a policeman, and a wedding dress. As 
before, some of the objects were stimuli in other experi-
mental conditions and some of them were masking items.

4.2 � Results

As it was done for the previous iterations, manipula-
tion check was analyzed firstly. It was discovered that 
the majority of the participants (25 out of 30; 83.3%) 
reported that they had not seen the wedding dress inside 
the car. However, as the dress was undoubtedly visible 
from many points of the environment, in which each of the 

participants had to be present during the task, we consid-
ered this result as unreliable and conducted the compari-
sons as planned. Several significant differences between 
the two groups were discovered. In particular, the two 
groups differed in terms of four emotions: fear, anger, 
guilt, and sadness. The participants in the experimental 
group reported higher levels of fear, anger, guilt, and sad-
ness (see Table 3; for raw data see the Online Resource 2). 
Effect sizes were of high (for fear: d = 0.81) and moder-
ate (for anger: d = 0.62, guilt: d = 0.78, sadness: d = 0.66) 
strength. No more significant differences between the con-
ditions were found.

In this analysis, we also used the Benjamini–Hochberg 
procedure to adjust the p values due to multiple com-
parisons being made. After this correction, with false 
discovery rate set to 10%, the results described above 
remained statistically significant (fear: 0.005 < 0.008, 
guilt: 0.005 < 0.015, sadness: 0.020 < 0.023, anger: 
0.028 < 0.031).

4.3 � Conclusions

The changes detected in negative emotions, namely the 
increased level of anger, sadness, guilt, and fear, are con-
sistent with our predictions. It can be concluded that the 
wedding dress activated the cognitive schema of a significant 
other by evoking the aforementioned negative emotions.

Fig. 4   The freeze-frame stimulus in the third iteration of the study—a 
bloodstained white dress on the car seat

Table 3   T test results 
comparing the experimental 
and control group on emotions, 
affect, and stress in the third 
iteration of the study

*p < 0.05; **p < 0.01; astatistically significant using the Benjamini–Hochberg procedure

Experimental Control t test Cohen’s d

M SD M SD t df p

Self-Assessment Manikin
 Valence 6.03 1.38 6.40 1.73 0.88 53 0.386 0.24
 Arousal 4.00 1.55 3.72 1.51 0.67 53 0.504 0.18
 Dominance 5.17 1.39 5.76 1.61 1.46 53 0.149 0.39

Scale of Emotions
 Joy 2.74 1.04 2.71 1.18 0.11 53 0.916 0.03
 Love 2.24 0.90 1.94 0.95 1.21 53 0.233 0.32
 Fear 2.15 0.89 1.53 0.61 3.06 51.28 0.005**a 0.81
 Anger 1.95 0.92 1.45 0.67 2.26 53 0.028**a 0.62
 Guilt 1.73 0.71 1.28 0.40 2.93 47.44 0.005**a 0.78
 Sadness 1.60 0.58 1.26 0.44 2.40 53 0.02**a 0.66

Stress Appraisal Questionnaire
 Harm/loss 0.36 0.43 0.24 0.37 1.07 53 0.288 0.30
 Challenge activity 1.38 0.63 1.16 0.70 1.22 53 0.228 0.33
 Challenge passivity 1.30 0.63 1.26 0.86 0.18 53 0.859 0.05
 Threat 0.41 0.52 0.28 0.43 1.04 53 0.303 0.27
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5 � Discussion

The study aimed to clarify whether the freeze-frame stimu-
lus can activate the cognitive schema of a significant other. 
Based on the analysis of interviews, we hypothesized that 
freeze-frame objects may evoke specific emotions that are 
similar to those experienced during real rescue operations. 
In the course of the experimental study with three iterations, 
we tested two different types of freeze-frame stimuli repre-
senting significant others: objects associated with children (a 
toy, a sticker on a car, a child’s seat) and with young women 
who have or will have gotten married in a recent time (a 
white dress).

The fact that the participants who had seen the freeze-
frame child stimulus experienced a higher level of stress 
(particularly, the challenge-activity and harm/loss dimen-
sions) was consistent with our hypothesis. However, there 
is a chance that these discoveries are false positive (type I 
error), as the results of a multiple comparisons correction 
indicated that these results are not statistically significant. 
Despite this risk, it seems that these results are plausible, 
as the harm/loss dimension represents feelings of incurred 
loss regarding important objects and the challenge-activity 
dimension indicates a possibility of overcoming a difficult 
situation while perceiving one’s coping abilities and com-
petences as good (Włodarczyk and Wrześniewski 2010). 
As such, these interpretations seem to be consistent with 
our assumptions that thinking that a child is present at the 
accident site will heighten the stress levels of the partici-
pants. These feelings may also be connected to evoking 
the cognitive schema of a significant other. Contrary to our 
hypotheses, we did not detect any differences between the 
two groups in terms of emotions. Neither negative emo-
tions (fear, anger, guilt, and sadness) increased nor positive 
emotions (joy, love) decreased under the influence of child-
associated freeze-frame stimulus.

The influence of the freeze-frame stimulus on situ-
ational stress appraisal was not replicated in the third itera-
tion, where we detected differences in negative emotions. 
Placing a wedding dress evoked changes in terms of fear, 
anger, guilt, and sadness even though the majority (25 of 
30) of participants reported that they had not seen the wed-
ding dress. However, the Benjamini–Hochberg procedure 
shows that results remain statistically significant even after 
correcting for multiple comparisons. There were no sig-
nificant differences between the experimental and control 
group in terms of positive emotions. Interestingly, as it was 
mentioned above, in the two iterations where significant 
differences between groups were observed, they regarded 
different types of affective states. For the child stimulus, 
in the experimental group, an elevated level of active chal-
lenge and feelings of harm and loss was observed, whereas 

for the wedding dress stimulus we observed stronger nega-
tive emotions: fear, anger, guilt, and sadness. Nonetheless, 
there may be a plausible explanation for this observation. 
Children are highly specific victims, as they require dif-
ferent doses of medicines and sometimes different proce-
dures. Even the CPR procedure is different for children than 
adults (O’Connor 2019). In the case of adults, the optimal 
compression to ventilation ratio is 30:2 (Yannopoulos et al. 
2006). However, in the case of children, this ratio is strongly 
dependent on the body weight and it has to be calculated ad 
hoc (Babbs and Nadkarni 2004). Having said that, the pres-
ence of a child on an accident site may cause firefighters to 
switch to the specific processing mode—hence the elevated 
feelings of challenge. Thinking that a helpless child had been 
harmed in an accident could have as well caused the harm 
and loss experience. Another explanation is that the child-
associated object triggered the freezing reaction, which, as 
we mentioned in the Introduction section, is rather an active 
state of preparation than a passive mode (Ly et al. 2017). 
Therefore, it could be expected that the experience of stress 
and active challenge would be elevated in this case. Moreo-
ver, no child was present in our simulator, so the suggestion 
of its presence might have caused the participants of the 
study to start actively searching for the baby. No systematic 
observations were conducted on this matter; however, the 
experimenters did notice such behavior in some of the par-
ticipants. At least two of them reported, after the study, that 
when they noticed the toy, they started to search for the child 
and that deterred them from other actions. It would certainly 
be interesting and valuable for further studies to record such 
nuanced changes in behavior—recording the experimental 
task or using eye-tracking techniques combined with a post-
experiment interview with the participant could provide 
more insight into this matter.

For the wedding dress stimulus, the situation was slightly 
different. On the simulated accident site, there were sev-
eral adult women present, so the participants could have 
concluded that the wedding dress belonged to one of them. 
Therefore, there was no need to search for further undis-
covered victims and to think about different values of life 
parameters, as even if there was another victim, she would 
have been an adult. However, the wedding dress added per-
sonal context to the scene, and as a result, we observed an 
increase in negative emotions for the experimental group 
when compared to the control one. It appears to be con-
sistent with our assumptions that evoking the schema of a 
significant other was connected with experiencing negative 
emotions, such as fear, anger, guilt, and sadness. Based on 
the results, it can be concluded that some affective states 
associated with seeing a person resembling a significant 
other on the accident site can be evoked in a VR simulation. 
This activation in turn increases the psychological fidelity 
of the simulation. The psychological fidelity is not only the 
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extent to which emotions and other psychological factors 
can be replicated during VR training, but it also indicates 
which emotions can be evoked during a real action with a 
similar context. As it was more broadly described above, we 
discovered that different types of stimuli can evoke different 
emotional states in a virtual environment.

In reported studies, we were not able to evoke changes 
in terms of positive emotions’ (joy, love) decrease in the 
experimental group. As odd as it may seem to observe dif-
ferences in negative emotions and no differences in positive 
emotions, there may be an explanation. Different types of 
valence (positive or negative) may be associated with differ-
ent patterns of autonomic nervous system (ANS, Levenson 
1992). Particularly, it was discovered that negative emotions 
are characterized by higher ANS activity than positive emo-
tions (Ekman et al. 1983; Fredrickson 1998). Therefore, our 
freeze-frame stimuli may be too subtle to evoke a decrease 
in positive emotions.

Another issue that appears to be worth discussing regard-
ing the reported study is the importance of manipulation 
checks in psychological research. Employing the manipula-
tion check in our study proved to be more problematic than 
expected. We experienced two cases of “failed manipulation 
checks,” but in one of them, significant differences between 
analyzed groups did exist. In the first iteration of our study, 
the manipulation check revealed that most of the partici-
pants in the experimental group did not see the freeze-frame 
stimulus (the child’s toy), which was followed by a lack of 
statistically significant differences between the two analyzed 
groups. However, a similar situation occurred in the third 
iteration of the study—once more, the majority of the par-
ticipants reported that they had not seen the freeze-frame 
stimulus (in this case, the wedding dress), but this time we 
discovered several expected significant differences between 
the two groups in terms of emotions. These results were 
consistent with the hypothesis, and they regarded several 
variables, all of them representing negative emotions. There-
fore, we wondered whether the manipulation checks in the 
form of self-report do provide important information about 
the perception of the stimuli, whether they should or should 
not be used, and whether the results we achieved could be 
an artifact.

Despite the failed manipulation checks, years of research 
on pre-attentive processing (e.g., Appelbaum and Norcia 
2009), affective priming (Murphy and Zajonc 1993), and 
inattentional blindness (Simons and Chabris 1999) sug-
gest that it is possible that unnoticed stimuli, in fact, influ-
ence human reactions. Moreover, in a seminal work, Sigall 
and Mills (1998) argued that the effect of experimental 
manipulation exists whenever “there is no plausible alter-
native explanation” (Sigall and Mills 1998, p. 223). There 
is a chance that the discovered significant differences are a 
result of type I error. The probability of committing such 

error increases when a large number of variables is tested 
(Dudoit et al. 2004). Therefore, we tested our results using 
the Benjamini–Hochberg procedure. Based on the compari-
son between obtained p values and the Benjamini–Hochberg 
critical values, it may be concluded that the manipulation did 
evoke the intended emotional response in the third iteration. 
Unfortunately, the results obtained in the second iteration of 
the study are not significant in light of the Benjamini–Hoch-
berg correction. Therefore, we cannot clearly state that the 
child stimulus evoked the intended response. However, see-
ing coherent results on scales measuring similar or comple-
mentary constructs and discovering medium or large effect 
sizes act, in our opinion, in favor of the research hypothesis 
confirmation.

Despite the points raised above, one could wonder why 
the participants in our study did not see the stimuli imple-
mented in the virtual environment. One possible explanation 
is that they were focused on other elements present in their 
field of view and simply overlooked other stimuli. However, 
care was taken to locate the stimuli in places that should be 
carefully examined during a rescue action (inside the car 
wreck or next to it). As it is an imperfect method and no data 
were collected on which objects were present in participants’ 
field of view, it cannot be said with certainty that they were 
seen. Therefore, in further studies on the topic logs on which 
objects were present in participants’ point of view should 
be gathered.

The “teleportation” movement mode could also be 
responsible for missing some of the elements present on the 
scene. When a participant “jumped” from one corner of the 
scene to another, they could have missed several details of 
the environment simply because they did not even appear 
in their field of view. What is more, VR headsets have a 
significantly smaller field of view angle when compared to 
the natural range of human eyes (110° for HTC Vive5 and 
approx. 210° for human eyes). Therefore, what can be seen 
in a virtual environment does not entirely cover the extent 
of what could be seen and fewer details can be present in 
the available field of view. This issue, however, will always 
happen when using head-mounted displays—the widest 
field of view available now for a VR headset is 200° (170° 
horizontal and 130° vertical) offered by Pimax 8 K.6 The 
more popular headsets offer the field of view angle around 
100° (100° for PlayStation VR7 and 90° horizontal and 110° 
diagonal for Oculus Rift8).

5  Source: https​://www.vive.com/us/compa​rison​/.
6  Source: https​://www.pimax​.com/pages​/pimax​-8k-serie​s.
7  Source: https​://www.plays​tatio​n.com/explo​re/plays​tatio​n-vr/tech-specs​/.
8  Source: https​://en.wikip​edia.org/wiki/Oculu​s_Rift.

https://www.vive.com/us/comparison/
https://www.pimax.com/pages/pimax-8k-series
https://www.playstation.com/explore/playstation-vr/tech-specs/
https://en.wikipedia.org/wiki/Oculus_Rift
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As it was discussed by Arias et al. (2019), the differ-
ence between the natural field of view and the field of view 
provided by the VR headset may be too big to draw exact 
comparisons between real-life behavior and actions taken 
in a virtual environment. In light of the aforementioned 
limitations of VR technology, even more care should be 
taken to make sure that all experimental manipulation is 
distinct enough to be noticed by the participants. On the 
other hand, some studies suggest that real-life emotions or 
social responses can be evoked in a virtual environment 
(e.g., embarrassment—Slater, Sadagic, Usoh and Schroeder 
2000; fear—Lin 2017; fear and changes in self-confidence 
during speaking in front of a virtual audience—Pertaub, 
Slater and Barker 2001, 2002).

Regarding the cognitive schemas, our study supports the 
claim that it is possible to activate them in a VR simula-
tion using perceptual stimuli. In particular, we were able 
to activate the schema of a significant other—when the 
stimuli were strong and suggestive enough, they evoked 
emotions and experience of stress. We confirmed that for 
stimuli regarding two different categories of significant oth-
ers—children and soon-to-be brides/newlyweds. However, 
the response differed between the stimuli—the child stimu-
lus evoked an experience of stress, whereas the bride-to-be 
stimulus evoked negative emotions.

What is more, there are other situations that could be 
extremely difficult to cope with—for instance, seeing injured 
co-workers, family members, or victims similar to the res-
cuer themselves (e.g., Berninger et al. 2010; Cetin et al. 
2005; Huang et al. 2013). It seems to be crucial to prepare 
trainees for such situations as early in the training process as 
possible (Ben-Ezra et al. 2005; Ly et al. 2017). Undoubtedly, 
there are no easy ways to prepare trainees for such events, 
especially in traditional training. VR simulators could be 
useful for that to some extent, as they allow for easy and 
relatively low-cost modification of the presented stimuli.

Summing up, we can conclude that adding the freeze-
frame stimuli works in favor of elevating the psychological 
fidelity of the simulation. As we have stated in Sect. 1.2, 
such fidelity is crucial for skill and knowledge transfer, espe-
cially in light of mood-state dependency (Blaney 1986). Our 
stimuli evoked negative emotions and feelings of challenge 
and harm or loss; therefore, we can say that the training situ-
ation was perceived not so much as a fun game and more as 
an actual training or an approximated projection of a rescue 
operation.
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