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Abstract 
Evidence is found that nature has a relaxing effect on people. However, hardly any 

research about nature is implemented at bronchoscopies. Therefore, a quasi-experimental, 

between-group design research is implemented to test whether anxiety in bronchoscopy 

patients can be reduced by showing them a nature video. Two groups (n=32) were compared: 

a nature group (n=19) in which patients wore video glasses with moving nature images and a 

no-nature condition (n=13) without those glasses. To gather data, an Empatica E4 wristband 

measured physiological data (skin conductance) during the bronchoscopy to test the patients’ 

stress level. Furthermore, the patients’ experience of their anxiety is measured by three 

questionnaires: before, right after and a week after the bronchoscopy. 

 When analysing the data, a significant effect can be found in the physiological data: a 

significant difference occurred within the groups between the three time stages. No significant 

difference was found between the two conditions nor the interaction (time * condition). In the 

questionnaires, a significant difference can be found between the two conditions in the 

participants’ recalled experience of the working of anaesthesia (p=.016). The participants in 

the nature group showed a higher amount of recalled pain, a week after the bronchoscopy. 

Mood-arousal (p=.051), the patients’ experienced comfort at the continuation of the 

bronchoscopy (p = .075) and follow-up of the comfort at insertion of the bronchoscope 

(p=.051) were found to be close to significant in favour of the no-nature condition. 

 Given these findings, it is inconclusive that nature videos have a positive effect on 

bronchoscopy patients. A possible explanation for this is that the nature video was not tailored 

to the participants’ preferences, according to the Affective Response Theory. Furthermore, a 

larger and more expanded target group should be researched and limitations can be prevented 

by applying diverse methods. More research is necessary to draw a reliable conclusion. 
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Introduction 

Bronchoscopy as a treatment 

A bronchoscopy is a treatment with many purposes. People who are expected to have 

a possible diagnosis of lung disease, tumour, chronic cough or an infection, must undergo a 

bronchoscopy to examine their lungs (Healthline, 2017). Despite the vision that a 

bronchoscopy is a safe treatment, it can be an uncomfortable and painful procedure for 

patients, due to the insertion of the apparatus through the airways (Xie, 2017). An experience 

of asphyxia, cough, nausea, and feeling of choking can be present during the bronchoscopy 

(Yildirim, Özkaya & Yurdakul, 2017). In some cases, pain is present in such an extreme 

manner, that the procedure must end immediately (Xie, 2017). 

These negative aspects can make the patient anxious in turn. In total, 56.7% of the 

patients experience anxiety to receive the treatment, according to Ketata et al. (2011). This 

anxiety is mainly agitated on receiving pain and the occurrence of breathing problems (Poi, 

Chuah, Srinivas & Liam, 1998). By the occurrence of these complications, many people 

remember the bronchoscopy as a negative experience and can therefore refuse to have a 

second bronchoscopy in the future (Putinati, Ballerin, Corbetta, Trevisani & Potena, 1999).  

Fujimoto et al. (2018) support this finding by showing that discomfort during a bronchoscopy 

is increasing the anxiety of a patient to undergo a second bronchoscopy, while comfort 

reduced this anxiety significantly. When anxiety, and as a possible consequence of it pain and 

discomfort will be lowered, the number of failed bronchoscopies will be reduced and the 

overall experience of the patient with the bronchoscopy will be improved. This in turn 

accounts for a better patient care and a better treatment course. 

 

Procedure of the bronchoscopy 

In a bronchoscopy, an instrument called a bronchoscope is inserted through the nose or 

mouth into the lung airways, to examine whether a diagnosis is positive or whether something 

extraordinary is present in the lungs. A bronchoscope is a flexible tube with a focusing lens 

and light attached to orientate in the lungs (Medisch Spectrum Twente, n.d.a). Next to this, a 

biopsy can be taken to examine suspicious tissue. The treatment itself lasts for around 30 

minutes and can detect blockings, bleedings, infections or a redundancy of mucus in the lungs 

(Healthline, 2017; National Heart, Lung and Blood Institute, n.d.). 
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When no narcotic or systemic medicines are given, the patient can leave the hospital 

after the bronchoscopy (Medisch Spectrum Twente, n.d.b). Otherwise, the patient has to stay 

in the hospital until the medicines are worked out. It can take some hours until the effects of 

the medicines are absent completely (Healthline, 2017). Bronchoscopy is known as a safe 

treatment to apply. According to Facciolongo (2016), the incidence of complications at a 

bronchoscopy is 1,08% and the incidence of mortality is 0,02% in a participant population of 

20,986 patients. Possible complications that can occur are minor bleedings, fever, pneumonia 

or an infection in one or both lungs (National Heart, Lung and Blood Institute, n.d.). 

 

Current treatment 

A current common strategy to reduce pain, is to give the patient medicines at the start 

of the bronchoscopy (Xie, 2017). With each bronchoscopy, patients are given medicine to 

anaesthetize the nose and the throat and to reduce arousal (National Heart, Lung and Blood 

Institute, n.d.). Next to this, Remifentanil can be given in specific cases, to reduce pain that is 

experienced. Still, despite the medicines, the process before and during the treatment remains 

stressful. Another possibility for patients is to undergo the bronchoscopy under general 

anaesthesia. This procedure is experienced as less stressful than the bronchoscopy with local 

anaesthesia (Raafat, Abbas & Salem, 2014). Despite this advantage, general anaesthesia has 

some negative side effects. Patients can have effects such as dizziness, nausea or bruising 

(Newman, 2018). However, for older patients who are more likely to undergo a 

bronchoscopy, the risk of a heart attack, stroke or pneumonia increases. 

 

Stress reduction by exposure to nature 

In order to make a bronchoscopy more efficient and to lower the possibility of 

complications, anxiety and stress should be reduced. Research shows that the apperception of 

natural stimuli reduces stress (Alvarsson, Wiens and Nilsson, 2010), rumination (Bratman, 

Hamilton, Hahn, Gretchen & Gross, 2015), anxiety (Beyer et al., 2014) and pain during a 

bronchoscopy (Diette, Lechtzin, Haponik, Devrotes & Rubin, 2003). These natural stimuli 

include visual images (Shaffee & Shukor, 2018), virtual sounds (Conniff & Craig, 2016; 

Diette et al., 2003), the smell of roses (Barati, Nasiri, Akbari & Sharifzadeh, 2016) and virtual 

nature environments (de Kort, Meijnders, Sponselee & Ijsselsteijn, 2006). The latter study 

explains that virtual nature environments have a restorative working on a stressed person, but 

the effect of simulation qualities was never researched systematically so far. In this research, 
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participants watched a video with a high or low immersive screen to test whether simulation 

quality had an influence on a participants’ restorative effect. The researchers found out that a 

significant effect occurred between the two conditions in the physiological data. No 

significant effect occurred in self-reported measurements. 

The theory that the study of de Kort et al (2006) is based on, is the Attention 

Restoration Theory. This theory declares that simulations of nature or actual nature can 

recover the direct attention that a person posits (Kaplan & Berman, 2010). According to this 

Attention Restoration Theory (ART), people can concentrate better after being in nature or the 

perception of a natural environment. When this direct attention is restored, a person is better 

able to cope with stress, pain and anxiety (Kaplan, 1995). 

Next to this, research shows that improvement on a persons’ mood works directly after 

being exposed to nature (Brooks, Ottley, Arbuthnott, Sevigny, 2017). When a person 

concentrates or stresses, the direct, conscious attention (also called ‘fascination’) is used, 

which requires energy (Kaplan, 1995). Fascination can in turn be separated in hard-

fascination and soft-fascination. Hard fascination is the use of involuntary attention, in which 

the person does not have the possibility to reflect and cannot think about other things (Kaplan, 

1995). In contrast, soft-fascination is the part which stimulates reflection and therefore 

restores the direct attention. Soft-fascination has this restoration effect due to different 

characteristics in the natural perception. An example is the presence of more depth and 

spaciousness (Kaplan, 1995). By the perception of soft-fascinating nature, fatigue, as a 

consequence of the energy loss, can be counteracted by watching natural images and listening 

to nature sounds. Energy will be restored in this way and patients retain their direct attention 

span. 

By restoration of this energy, the possibility of complications is reduced and a patient 

will experience a reduction of stress, pain and anxiety. Despite this reduction of stress, pain 

and anxiety, the video has to be tailored to the person, according to the Affective Response 

Theory. This theory states that people have a different response and different preferences for 

the type of nature presented (Ulrich, 1983). When the video is tailored to the participants’ 

preference, the optimal amount of stress reduction can be achieved. 

In addition to this, the Stress Reduction Theory declares that people who are aroused, 

show a reduction in arousal and more positive emotions when experiencing a natural 

environment, compared with the view of an urban environment (Ulrich, 1983). The use of 

nature sounds and images can be applied directly in for example the waiting room. By playing 

nature sounds and make enough sunlight and plants available, stress can be reduced (Pouyesh 
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et al., 2018; Dijkstra, Pieterse & Pruyn, 2006). One possible explanation of this stress 

reduction is because patients perceive the waiting room with plants as more attractive than 

waiting rooms without plants (Dijkstra, Pieterse & Pruyn, 2008). When stress reduction 

occurs in the waiting room, this reduction possibly can be generalized to the treatment room, 

when patients have to undergo a bronchoscopy. 

 

Existing research 

Despite the evidence that nature sounds and environments have a positive influence on 

stress reduction at patients, little research is done in the area of bronchoscopy. The research 

implemented so far contain additional points of improvements or do not show a convincing 

outcome or significant differences. Recently, Boekel (2018) and Rupert (2018) both did 

research on whether putting on a virtual reality nature video with sounds to patients who had 

to undergo a bronchoscopy, had a reducing effect on stress and anxiety. The exposure to the 

video and sounds was done by application of a special head device named the RelaxMaker 

(n.d.). This RelaxMaker presents the nature stimuli right before the participant, but still gives 

the opportunity to remain in contact with the doctor and the situation by watching over or 

underneath the apparatus.  

In the research of Rupert (2018) and Boekel (2018), the anxiety of the patient was 

tested by questionnaires and the amount of stress by two physiological measurements: heart 

rate and skin conductance. Heart rate is measured in heartbeats per minute and skin 

conductance by electric pulses that variable by sweat secretion from sweat glands in the skin. 

Skin conductance is the strength of electrical guidance of the skin, a psychophysiological 

measurement which expresses the arousal and attention of a person (Merckelbach, Nijman, 

Ravelli & Kenemans, 1995). It is separated in three aspects of physiological measurements: 

skin conductance response, amplitude and skin conductance level. Specifications of these 

measurements can be found in the method section. 

An increase in these physiological measurements and heart rate represent an increase 

in psychological arousal (Hansson & Jönsson, 2006; Dawson, Schell & Filion, 2009). Skin 

conductance is associated with the cognition, attention and emotion of a person (Critchley, 

2002). When a person is aroused, the sympathetic branch of the nervous system is activated, 

which in turn stimulates the sweat gland activity (Turaçlars, Erdal, Arslan & Yildiz, 1999; 

Knufinke, 2012). Therefore, the EDA is a valid measurement of arousal (Knufinke, 2012). 
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The stress hormone is an indicator for a persons’ level of arousal (Cahill, Gorski & Le, 2003). 

Therefore, the EDA can measure the stress that a person experiences. 

 

Current Research 

In order to build on the outcomes that Rupert (2018) found, a follow-up research was 

realized with a more controlled design. The aim was to test whether there was a difference 

between a group that does not have a nature stimulus and the participants of Rupert (2018). 

The research question ‘Do patients who have to undergo a bronchoscopy show a reduction in 

self-reported anxiety measured by questionnaires and stress reduction measured by skin 

conductance level, when viewing a nature video with sounds, in comparison with people who 

do not view this video?’ was tested with a quantitative analysis of physiological data and 

questionnaires. In accordance with that, the expectation that a reduction in (perceived) stress 

and anxiety at the nature condition is ensued, compared with the no-nature condition. When 

the expectation is supported, more intensive research can be done. In the long term, when the 

hypothesis can be answered with confidence, the experience of a bronchoscopy patient can be 

improved and the use of medicines can be reduced. 

 

Method 

Design 

The research employed had a quasi-experimental, between-group design. The 

independent variable (IV) in this study was ‘virtual nature’ and has two categories: the no-

nature control condition and a virtual reality nature exposed condition. The dependent 

variables in this study were perceived stress and anxiety, measured by self-report and 

physiological measures.  

 

Participants 

In total, 32 patients participated (N=32), 25 of them were male (78.1%) and 7 were 

female (21.9%). Age was ranging from 43 to 87 years old with a mean age of 68.9. With a 

total of n=19 participants in the no-nature group, the mean age was 70.4, with a standard 

deviation of 9.4. The age was ranging between 50 and 82. 76.9% was male and 23.1% was 

female. The intervention group of Rupert (2018) showed a target population (n=19) with a 
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mean age of 68.2, ranging from 43 to 87 and a standard deviation of 13.45. The gender in this 

population consist of 78,9% male and 21,1% female. 

All participants were recruited in the Medisch Spectrum Twente (MST) in Enschede. 

The experimental group was requited in the period March until July in 2017 and 2018. The 

control group was gathered in the period March until July 2019. Participants were selected 

based on their willingness to participate. Exclusion criteria were reduced vision of more than -

5 myopic, the use of a sedative medicine, insufficient mastery of the Dutch language and total 

anaesthesia during the bronchoscopy.  

 

Procedure 

When a person had to undergo a bronchoscopy, the researchers waited for this patient 

in the waiting room of the lung department in the MST. When the patient arrived, the 

researchers approached the participant. In here, the purpose of the research was explained to 

the patient and the request was accommodated to give the patient more information about the 

research. When the patient assented, an information letter with an explanation of the 

procedure and purpose was provided. The patient had the possibility to ask questions. Then, 

the informed consent was filled in: allowance to participate was written down on paper.  

When the treatment started, the two researchers followed the doctor and the participant 

to the treatment room. After the doctor informed the participant about the bronchoscopy 

procedure, the Empatica E4 was applied at the participants’ wrist. Then, the participants’ 

demographics, level of stress and mood were reported in a questionnaire as pre-test.  

After the application of the Empatica and the questionnaire, the doctor asked the 

patient whether they were on an empty stomach, have allergies or have a removable dental 

prothesis. When answers were given and the participants received permission to undergo the 

treatment, the throat was stunned and the retch reflex of the participant was suppressed 

(Medisch Spectrum Twente, n.d.c). Both anaesthetics work immediately. After anaesthesia, 

the participant was asked to lie down. Under guidance of the researchers, participants of the 

nature exposed condition put on their video glasses. Then, the bronchoscope was inserted. 

This insertion took place around five minutes after the application of the Empatica. When the 

bronchoscopy was completed, the wristband was removed. Then, the participants had five 

minutes time to rest and recover from the bronchoscopy. After resting, the participants were 

asked to fill in a second questionnaire about their mood, the experience with the 

bronchoscopy and the emotions and feelings they experienced during the bronchoscopy. 
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After exactly a week, the follow-up questionnaire was filled out. In the nature group, 

the questionnaire was posted to them and the patients had to send the data back to the 

researcher. Due to nonresponse, the control group is contacted for the last questionnaire by 

telephone. This follow-up questionnaire measured how they remembered their experience of 

the bronchoscopy and their mood during the bronchoscopy. 

 

Measures and Materials 

Intervention. The virtual nature environment in this study was created by a special 

type of video glasses, called a Relaxmaker. This head device is represented in the image 

below this paragraph. The Relaxmaker has two LCD displays with 1280 x 720 (HD) pixels, a 

98 inch screen, 26° sight and an aspect ratio of 16:9, 24-bit RGB colours (Beter door Beeld, 

2018). The videos presented were two static nature images with moving elements. One 

containing soft-fascinating element and the second containing hard-fascinating aspects. 

Details of these videos can be found in Boekel (2018). Nature sounds are produced by the 

headphone that belongs to the Relaxmaker. Additional specifications of the Relaxmaker can 

be found in Rupert (2018) and Boekel (2018). 

 

Image: Relaxmaker (n.d.) 

 

 

 

 

 

Physiological outcome measures. During the bronchoscopy, skin conductance was 

measured by an Empatica E4 wristband. This is a wearable research device that provides real 

time physiological data. It can measure among others skin conductance, heart rate and 

acceleration (motion-based activity) (Empatica, 2018). It is researched that the Empatica E4 is 

measuring accurately at 85% at the time and can fill up unmeasured gaps (McCarthy, 

Pradhan, Redpath & Adler, 2014). The skin conductance is divided in three parameters. First, 

skin conductance response (SCR) measures changes that occur in a persons’ electrodermal 

activity (Braithwaite, Watson, Jones & Rowe, 2013). The relation between SCR and emotion 

is known for decades (Figner & Murphy, 2011). A higher level of arousal causes a fall in skin 

resistance. Therefore, the electric current passes more easily and therefore a higher SCR can 
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be measured. Next to this, a person’s amplitude (AMP) is measured in spikes per minute. A 

spike per minute is the difference between the onset and the peak in conductivity (Figner & 

Murphy, 2011). Lastly, skin conductance level (SCL) represents the level of the electrical 

conductivity of the skin (Braithwaite et al., 2013). General changes in autonomic arousal can 

be measured considering changing background characteristics, such as an increase or a 

decline in skin conductance. These aspects of skin conductance taken together, represent a 

participants’ psychological arousal (Knufinke, 2012).  

Questionnaires. Since participants were recruited in a Dutch hospital, the 

questionnaires used were in Dutch language. In total, three questionnaires were adopted. One 

before the bronchoscopy (baseline), one right after the treatment (post-test) and the third one a 

week after the bronchoscopy (follow-up). In these questionnaires, different elements were 

measured. 

The first item, mood, was measured in all three questionnaires and separated in ‘mood-

feelings’ and ‘mood-arousal’. The items were “what is your mood right now?” for mood-

feelings and “how do you feel at this moment” for mood-arousal. Both had a scale ranging 

from 1 to 7, the former ranging from very bad to very good and the latter from tensed to 

relaxed. Originally, the former question is asked on a scale from -5 to 5 and the latter on a 7-

point scale ranging from 0 to 6 (Hardy & Rejeski, 1989; Svebak & Murgatroyd, 1985). No 

research has been done to test the validity of these constructs so far. By these constructs, the 

mood just before and right after the bronchoscopy can be compared with the recall of their 

mood, measured by a questionnaire a week after the bronchoscopy. 

A second category measured was the perceived discomfort of the patient. This 

discomfort was measured in the second and the third questionnaire and consist of four 

constructs. “How pleasant or unpleasant was the insertion of the bronchoscope?”, “How 

pleasant or unpleasant was the bronchoscopy after insertion of the bronchoscope?”, “How 

effective was the sedation in reducing pain during the bronchoscopy?” were constructs 

measured in the second and the third questionnaire. They were indicated on a on a scale 

ranging from 1 to 10. The first two questions were ranging from 1 (very unpleasant) to 10 

(very pleasant), while the question of the sedative ranged from 1 (bad, I experienced the 

procedure as very painful) to 10 (good, I did not experience the procedure as painful). The 

question “Suppose that you again have to undergo a bronchoscopy, how much would you 

dread it?” was the last construct and added in the follow-up test on a scale from 1 (I highly 

dread it) to 7 (I don’t dread it at all). Additional information about these items can be found in 

Rupert (2018). 
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Lastly, the tension dimension of the Profile of Mood States short form (POMS-SF) 

was used to measure perceived stress (Baker, Denniston, Zabora, Polland, & Dudley, 2002). 

The emotions and feelings that occurred during the procedure were measured by questions 

ranging from 0 (absolutely not) to 4 (very strong). The POMS consisted of questions 

measuring nervousness, panicking, tension, restlessness, anxiety and insecurity and has a 

sufficient alpha (α= .856) (Baker et al., 2002). 

 

Statistical analysis 

In total, n = 32 participants were analysed with SPSS version 24, a statistical software 

programme to analyse datasets. The gender ratio and mean age were represented by 

calculating the frequencies. Both the questionnaires and the physiological data were 

quantitative data. 

For the physiological data, an ANOVA with repeated measurements was analysed to 

test whether there is a difference between the nature and no-nature group. The three outcome 

measures were SCR, AMP and SCL. First, it was tested whether Mauchly’s W is significant, 

and thus whether data had to be corrected. When this sphericity was assumed, an equal 

variance cannot be assumed and a Greenhouse-Geisser was observed. The Greenhouse-

Geisser is the best-known correction for adjusting the degrees of freedom in the ANOVA test, 

which produces a more accurate significance level (Baguley, 2004). Otherwise, when 

sphericity was not assumed, the data does not have to be corrected and Wilks Lambda was 

analysed. Wilks Lambda is the most widely used multivariate analysis of variance, to observe 

whether there are differences between groups in multiple constructs simultaneously 

(Blackwell Science Ltd, 2000). To find possible significant differences, the significance level 

of time, condition and the interaction effect (time*condition) was payed attention to. 

Furthermore, figures are made for each participant, with an overview of the skin 

conductance. In here, the different stages of the bronchoscopy: before (5 minutes before 

insertion of the bronchoscope), during the insertion and after the insertion (the remaining part 

of the bronchoscopy after insertion, until removal of the bronchoscope) can be perceived 

visually. In addition, it can be observed whether there is a visible difference in the SCR, AMP 

and SCL between the participants of both groups in a single-case analysis. More increase in 

skin conductance in time and more spikes per minute show a higher level of arousal. Two 

types of patients were compared: two with a steep increase in SCL and two who remain 

similar in SCL. The patients that were compared, were carefully selected to reduce the risk for 
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selective bias (Podsakoff & Podsakoff, 2019). The patients have an equal gender and age 

range. Also, the participants reside in an equal living area. 

The self-reported measures were tested in several steps. First, it was observed whether 

the data is normally distributed, by looking at a histogram and whether the mean and the 

median were deviating from each other. Then, a repeated measure was implemented for 

mood-feelings and mood-arousal, to test whether the three time aspects and the condition 

show a significant difference. In addition to this, a post-hoc contrast is implemented to test 

whether significant differences occur within the groups between the time periods. The 

normally distributed items were analysed by an independent-samples F-test, to test the 

difference between the nature- and the no-nature group. The means between the groups were 

compared to identify whether the difference is in favour or in contrast with the expectation. 

When an item had an inequal distribution, a nonparametric test was implemented to correct 

for the unequal distribution and to test whether the differences between the groups are 

significant. An independent-sample Mann Whitney U test is an appropriate medium to obtain 

this demanded information when the data is not normally distributed (Hart, 2001; Fay & 

Proschan, 2010), but both groups have a similar distribution (Laerd Statistics, 2018). 

 

Results 

Analysis of the physiological data 

Skin conductance response, amplitude and skin conductance level 

The SCR, AMP and SCL were analysed by an ANOVA with repeated measures. SCL 

had to be corrected, based on that sphericity was assumed ( p < .01). In contrast, SCR and 

AMP can be analysed directly (p > .05). Wilks Lambda for SCR and AMP and Greenhouse 

Geisser for SCL are represented in table 1. Results for the three types of physiological data 

are presented for the differences in the groups (N.N. as the no-nature condition and N.C. as 

nature condition) in time (time), the difference between the groups without considering time 

(condition) and the differences between the groups in time (interaction: Time * Condition). 
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Table 1: Results for skin conductance response, amplitude and skin conductance level 

Skin 

conductance 

Condition Mean 

(SD) 

before 

Mean 

(SD) 

during 

Mean 

(SD) 

after 

F DF p Main/interaction 

effect 

SCR N.N. 

N.C. 

2.8(1.9) 

2.3(2.3) 

3.5(2.1) 

3.2(3.1) 

4.5(3.1) 

3.0(3.1) 
4.1 2, 27 .027 Time 

     .7 1, 28 .420 Condition 

     1.3 2, 27 .289 Time*condition 

AMP N.N. 

N.C. 

.3(.3) 

.3(.5) 

.6(.5) 

.8(1.0) 

.7(.8) 

1.0(1.3) 
4.9 2, 27 .015 Time 

     .4 1,28 .521 Condition 

     .1 2, 27 .879 Time*condition 

SCL N.N. 

N.C. 

3.1(3.5) 

1.6(1.9) 

4.9(6.2) 

4.0(6.0) 

4.1(5.5) 

2.3(2.4) 
4.4 

1.14, 

28 
.039 Time 

     1.0 1,28 .334 Condition 

     
.2 

1.14, 

28 
.696 Time*condition 

 

Table 1 shows that a significant main effect of time was found. In the unified 

population, an increase in the insertion of the bronchoscope can be seen in SCR, AMP and 

SCL. After the insertion, the level of SCR, AMP and SCL persist during the continuation of 

the bronchoscopy. No significant difference was found in condition: no clear difference 

occurs between the nature and the no-nature group without considering the three time stages. 

The nature condition experience a lower SCR and SCL. In contrast, the no-nature group is in 

favour at the AMP. Still, these differences were found to be insignificant. In addition, the 

interactions do not show a significant effect. Time * condition in SCR F (2, 27) = 1.3, p = 

.289, time * condition in AMP F (2, 27) = .1, p = .879 and time * condition in SCL F (1,14, 

28) = .2, p = .696 were observed. Despite the insignificant difference between the nature- and 

no-nature group across different time stages, participants show a general increase in SCR and 

AMP. SCL shows an increase during insertion, but a decrease for both groups after insertion. 

The conditions show a similar pattern in the three measurements, with the second phase (from 

insertion to during) of SCR as exception. In here, the nature condition declines in SCR while 

the control group continues increasing. There is no significant difference found between the 

nature- and no-nature group, across different time stages. 

In figure 1, 2 and 3, the differences in the physiological measurements are presented 

visually. In here, the physiological data of the no-nature group is compared with the nature 

group in the three stages (before, insertion and during). Figure 1 shows that both groups show 
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an increase in skin conductance response when the bronchoscope was inserted. After 

insertion, a difference can be seen between the two groups: the no-nature group keeps 

increasing in skin conductance response, while the nature group declines. A significant 

difference in ‘time’ can be seen.  

 

 

 

 

 

 

 

Figure 1: visual representation of SCR between the two groups 

 

 In figure 2, a difference in AMP is shown. Both groups show a sharp increase in AMP. 

However, the nature group shows a higher AMP than the no-nature group. Still, this 

difference is not significant as can be seen in table 1. 

 

 

 

 

 

 

 

 

Figure 2: Visual representation of AMP between the two groups 
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Lastly, figure 3 shows that the no-nature group has a higher level of SCL than the 

nature group. Although there is an observed difference, this difference is clearly non-

significant. Both groups show an increase in during insertion and a decline after insertion. In 

accordance with table 1, a significant difference is shown in time and no significant difference 

is seen between the groups.  

 

 

 

 

 

 

 

 

Figure 3: Visual representation of SCL between the two groups 

 

 

Single-case analysis 

Visual representations of proportionate patients are shown in figure 4 until 7. The 

patients in figure 4 and 5 hardly show an increase in SCL, while the patients in figure 6 and 7 

do show a significant increase in SCL. A difference that can be seen in both comparisons, is 

the spikes per minute between the intervention and the control group. The nature exposed 

group shows a greater number of spikes per minute than the control group. In accordance with 

the line graph in figure 2, both show a higher level of AMP in the nature condition. These 

findings show that participants of the nature condition have a higher level of AMP than the 

participants of the no-nature condition. In the figures, no clear differences can be seen in the 

SCR or SCL between the groups. 
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Figure 4: participant of the nature condition: skin conductance over time 

 

 

 

 

 

Figure 5: participant of the no-nature condition: skin conductance over time 

 

 

 

 

 

 

Figure 6: Participant of the nature condition: skin conductance over time 

 

 

 

 

 

Figure 7: participant of the no-nature condition: skin conductance over time 
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Analysis of the questionnaires 

In total, 20 participants completed all questionnaires and 12 patients did not complete 

all of the questionnaires. In the control group, 1 participant declined to fill in the questionnaire 

right after the bronchoscopy and 1 participant did not fill in the follow-up questionnaire. In 

the nature group, nonresponse followed by 10 participants in the follow-up questionnaire. The 

questionnaires that these 12 participants completed, were considered in the results. 

Prior to analysing data, a histogram was made to observe whether the data was 

normally distributed. As result, it is shown that the effectiveness of the sedation (second 

questionnaire) and the dread for another bronchoscopy (follow-up) were unequally 

distributed. The mean, median and skewness are presented in table 2. To correct for the 

abnormal distribution, a nonparametric test was implemented to test whether these items were 

significant between the two conditions. The Mann Whitney U test shows that U=128.5, p = 

.562 for effectiveness of the sedation and U=42.0, p = .422 for dread for another 

bronchoscopy. 

 

A repeated measure is implemented for the questions concerning feelings and arousal, 

due to three moments of measurement in each group. Sphericity is not assumed for both 

items. For the interaction between time and condition, Wilks’ Lambda for mood-feelings is 

F(2, 17) = .745, p = .490 and for mood-arousal F(2, 17) = .884, p = .431. No significant 

Table 2: mean, median and skewness per item 

Item  Mean(SD)  Median Skewness 

Nature condition 

Effectiveness of 

sedation 
7.1(2.5) 8.00 -.441 

Dread for another 

bronchoscopy 
3.3(1.6) 3.00 .717 

No-nature condition 

Effectiveness of 

sedation 
7.6(2.4) 8.00 -.552 

Dread for another 

bronchoscopy 
3.0(2.6) 1.75 .868 
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difference between the nature and the no-nature condition across the time stages was 

observed. ‘Time’ also had no significant effects: F(2, 17) = 998 , p = .389 for mood-feelings 

and F(2,17) = 3,554, p = .051 and mood-arousal (p = .051), however mood-arousal was close 

to significant. Lastly, the condition did not turn out to be significant: F(1, 18)= .033, p = .859 

for mood-feelings and F(1, 18) = .003, p = .955 for mood-arousal. 

Mood-feelings and mood-arousal are represented visually in figure 8 and 9. Figure 8 

shows no significant difference in time, condition and time * condition. The close-to-

significant line of ‘time’ can be seen in figure 9: an improvement in mood-arousal is followed 

by a steep decline of the good mood. The lowest amount of arousal is seen right after the 

bronchoscopy and increases by time. The no-nature condition is more responsive for this 

change: A higher decline is followed by a steeper increase. No significant difference can be 

seen between the two groups. Two GLM measures were implemented to test whether a 

difference can be found in the second phase of mood-feelings (from right after until follow-

up) or the first phase (before until right after) of mood-arousal. The results show that mood-

feelings has F(1,18) = 2.0, p = .176 for ‘time’, F(1,18) = .2, p = .679 for ‘condition’ and 

F(1,18) = .9 p = .352 for ‘time * condition’. Also, mood-arousal showed F(1, 29) = 2.3, p = 

.141 for ‘time’, F(1, 29) = 1.2, p = .292 for ‘condition’ F(1, 29) = 1.3, p = .263 for ‘time * 

condition’. No significant differences were found for the second phase of mood-feelings or 

the first phase of mood-arousal. 

 

 

 

 

 

 

 

 

Figure 8: visual representation of mood-feelings between the two groups 
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Figure 9: visual representation of mood-arousal between the two groups 

 

 For the items that had a normal distribution and two measurements, an independent-

samples F-test and a paired-samples F-test were implemented to perceive whether there is a 

significant difference between the nature- and no-nature group and whether a significant 

difference is present within the groups, between the time moments. The independent-sample 

F-test is shown in table 3. There is a significant difference (p < .05) in the working of 

anaesthesia during the bronchoscopy (follow-up, p = .016). To perceive the direction of the 

significant differences, the means were compared between the two conditions. In table 3 is 

shown that the nature exposed condition had a higher amount of pain than the control 

condition. In the remaining items, no significant differences were found between the 

conditions. Still, comfort at continuation of the bronchoscopy (p = .075) and comfort at 

insertion of the bronchoscope (follow-up: p = .051) are close to significant, with the control 

group showing a higher perceived discomfort than the nature exposed condition. The paired-

samples F-test does not show any significant effect in both groups for ‘comfort insertion 

bronchoscope’, ‘comfort continuation bronchoscope’ and ‘effectiveness of sedation’, between 

the different time periods. 
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Table 3: F-test and significance level per item between groups 

Variables 
Mean (SD)  

N.C.     N.N. 
F p 

Posttest 

POMS average     1.3(0.9)   1.9(1.3) 1.9 .147 

POMS total    8.0(5.5)   11.5(7.7) 1.9 .144 

Comfort 

insertion 

bronchoscope 

  3.6(2.1)    4.5(3.1) 6.3 .357 

Comfort at 

continuation of 

the 

bronchoscopy 

  4.0(1.9)   5.7(2.8) 4.4 .075 

Follow-up 

Comfort 

insertion 

bronchoscope 

  2.9(2.3)    5.3(2.9) .7 .051 

Comfort 

continuation 

bronchoscope 

 3.8(2.3)    5.3(2.6) .2 .162 

Effectiveness of 

sedation 
 5.7(2.2)   8.0(1.0) 15.7 .016 

 

Conclusion 

 A study was implemented to research whether nature has a restorative effect on 

bronchoscopy patients. By positive results and additional research, the bronchoscopy 

procedure can become more comfortable in the long run. Physiological and psychological 

data were collected and conclusions can be drawn from the results.  

Physiological data. When looking at the results of the physiological data, it can be 

seen that there is a significant difference between the three stages of the bronchoscopy 

(before, insertion and during) within the groups (time), in SCR (p = .027), AMP (p = .015) 

and SCL (p = .039). This represents a significant change in skin conductance when the 
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bronchoscopy progresses. During insertion of the bronchoscope, all three measurements 

increase significantly. Then, a decline takes place for SCR and SCL, while AMP continues 

the increase, but declines in steepness. 

In contrast, no significant difference was found in these stages between the nature and 

the no-nature condition. The differences in SCR (p = .289), AMP (p = .879) and SCL (.696) 

are not significant between the two groups. Table 1 and two of the line graphs show a non-

significant difference, in favour of the nature exposed condition. The line graph in figure two 

shows the opposite: a higher level of AMP was found in the no-nature condition. Lastly, the 

single-case analysis showed a higher magnitude than the control group.  

Perceived Anxiety. The experienced anxiety of the participants did not show a 

significant difference between the nature exposed group and the control group in several 

items. Still, a significant difference is found in the follow-up of the effectiveness of sedation 

during the bronchoscopy (follow-up). Comfort at continuation of the bronchoscopy (posttest) 

and comfort insertion bronchoscope (follow-up) are close to significant. The control group 

recalls a lower experience of pain and a close-to-significant reduction in discomfort during the 

continuation of the bronchoscopy. Next to this, the follow-up of the insertion of the 

bronchoscope is more stressful for the participants in the nature condition.  

Support of the research question Taking all aspects together, mixed results were 

found for the research question ‘Do patients who have to undergo a bronchoscopy show a 

reduction in self-reported and physiological anxiety, measured by questionnaires and stress 

reduction measured by SCL, when viewing a nature video with sounds, in comparison with 

people who do not view this video?’. First, physiological results of AMP between the 

conditions and the interactions (time*condition) are not in support of the beneficial effects of 

nature exposure. These findings were further supported by the single-case analysis and figure 

two, in which the nature condition showed a higher magnitude than the control group. In 

concordance to this, the effectiveness of sedation (follow-up), comfort at continuation of the 

bronchoscopy (post-test) and comfort of insertion of the bronchoscope (follow-up) show a 

difference in contrast with the research question. 

Despite these findings, several items support the expectation. Figure 1 and 3, the line 

graphs of SCR and SCL support the expectation. Additionally, table 3 represents these results 

for SCR and SCL. Furthermore, although not significant, the POMS suggest an effect in 
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favour of the nature exposed condition. Due to inconclusive results, more research needs to be 

done to draw more reliable conclusions about the research question with more power.  

 

When finding a justification for the outcomes, different theories can be considered. In 

this research, the Affective Response Theory is of main interest in this research. This theory 

declares that people have a different response and different preferences to the view of nature 

(Ulrich, 1983). It is important to explore what kind of preference a patient has in the natural 

environment, to optimally reduce the amount of stress by showing a natural environment. In 

this research, the inability to decide which video had their preference can cause a different 

amount of stress reduction in patients. This, in combination with the unexpected event that 

video glasses had to be worn, can be a possible explanation for the finding that the nature 

condition experienced more stress than the control condition. Participants did not watch a 

video tailored to their preferences, which made that some of them did not experience the 

relaxation effect maximally. A possibility to optimize the reduction of arousal is to select 

several videos. Before the bronchoscopy, the participant can decide what video is preferred. 

The video is tailored to the participants’ individual preferences and the best possible outcome 

in the relaxation effect can occur. 

Another theory explained is the Attention Restoration Theory. This theory has as 

argument that the restoration of attention occurs after the perception of nature. The Attention 

Restoration Theory can explain the (close-to-)significant stress reduction in the follow-up 

report. Participants in the nature condition report a decline in discomfort during insertion and 

pain, a week after the bronchoscopy. Furthermore, an improvement in the experienced 

feelings was reported. In addition to this, Brooks et al. (2017) shows that a persons’ mood 

changes immediately when perceiving nature, so the nature video should have a direct 

influence on the mood of the patient.  

 

Strong points and limitations.  Several strong points can be noticed about this research. 

At first, the study of Rupert (2018) is mainly replicated. The risk to obtain different outcomes 

due to differences in methods between the studies is reduced. In this way, internal validity is 

improved. Next to this, the study is measured with both perceived and physiological arousal 

and experiences, to increase the validity of the outcome. Furthermore, the research 

implemented was not invasive for the patients and did not cost much effort, which lead all the 

patients to agree to participate. This reduces the likelihood of occurrence of attrition bias and 

increases the generalisation of the research.  
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 Next to the strong points, limitations can be found. At first, the amount of stress 

between patients can be differing, due to two factors. First, doctors and assistants have 

different protocols and communication styles towards the patient, which can influence the 

level of stress experienced by patients (Ono, Fujiha & Yamada, 2009). Therefore, patients 

with different doctors can experience a different stress level during the bronchoscopy, while 

the treatment is implemented identically. In addition to this, the procedure can progress 

differently per patient, which causes different ‘before’ stages. For instance, one patient 

receives sedatives before the 5 minutes, while the other got local anaesthesia in those five 

minutes. Furthermore, the doctor can be absent or present and complications can occur, such 

as allergic reactions to the anaesthesia. Due to these differences, results can be biased and 

unknown confounders can occur, without taking them into account in this research. 

Another argument for unrealistic results in the participants’ arousal is that the 

participants of the nature group could have overestimated the suffering of the bronchoscopy. 

Patients were asked to wear glasses, while already being in a state of insecurity due to the 

treatment as an unpredictable event (Mayoclinic, 2019). Then, an unfamiliar trigger, the 

question to wear the glasses, is added, which increases awareness of a threat. Due to this, 

people can adapt their beliefs and start believing that the procedure must be stressful, if 

glasses are necessary to reduce discomfort. In this way, the participant can create a state of 

mind in which suggestibility becomes prominent (Sidis, 1898). Due to this, the nocebo effect 

can occur as a possible confounder, by reaching a more negative outcome than without the 

glasses as stimuli (Benedetti, Lanotte, Lopiano & Colloca, 2007). 

A practical constraint of this research is the operation procedure of the Empatica E4. 

The researchers frequently tested how the Empatica functioned during the bronchoscopy. At 

some moments during the bronchoscopy, the Empatica did not show any SCL at all for a short 

time span. This can occur when the Electrodes do not contact the skin properly or when a 

persons’ skin is too dry (Garbarino, Lai, Bender, Picard & Tognetti, 2014). The response also 

depends on which wrist the Empatica is applied, depending per person which wrist provides 

the best result. This can also be noticed at some images of the physiological data (such as an 

immediate steep drop in skin conductance, followed by a steep incline). The Empatica is 

made in a way that it fills up gaps (McCarthy et al., 2014), so in general this is not necessarily 

a problem. However, when this happens during a noticeable moment such as the insertion of 

the bronchoscope, a distorted measurement can occur. Despite this risk, the outcomes of the 

data seem reliable by reason of consistent outcomes in both physiological and psychological 
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data. Furthermore, little abnormal deviations can be observed in the visual representation of 

the data. 

Lastly, there is a difference in participation in the follow-up questionnaire between the 

groups. In the nature exposed group, 9 of the 19 participants filled in the questionnaire, while 

12 of the 13 patients participated in the control condition. A risk of selection bias can give a 

difference in outcome due to a selective dropout (Wolke, Waylen, Samara, Steer, Goodman, 

Ford & Lamberts, 2009). For instance, people who had a negative experience with the 

bronchoscopy, do not want to recall the situation and were less willing to respond to the 

questionnaire. On the telephone, the contact is more personal. In this way, people will be 

more likely to respond on the questions, because they prefer to behave socially desirable 

(Joinson, 1999).  

 

Future research. This research gave some significant results concerning the 

research question. Still, not enough evidence is found to state that the research question can be 

accepted. Additional research is needed to draw a conclusion. With additional research, 

comfort of bronchoscopy patients can be improved and the use of medicines can be reduced. 

A main point of interest is to implement a research with a larger target group and in more 

hospitals, preferably in a larger region. In this way, data can be compared, generalizability is 

increased and a more reliable conclusion can be drawn about the findings. Next to this, 

different methods can be used to increase the reliability of the outcome. For example, a 

retrospective follow-up research can be done, to receive a larger target population and to 

analyse more comparable patients. Lastly, the gathering of the physiological data can be 

improved by adding a second Empatica on the other wrist. By doing this, possible gaps in the 

data can be discovered and an even more reliable image of the physiological data can be 

obtained. More research is needed to answer the research question with confidence.  
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