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Abstract 
 

The study investigated the effect of auditory and visual stimuli on psychological and 

physiological indicators of anxiety after an anxiety induction. The stimuli had to be applicable 

in a hospital situation where physical activity of the patient needs to be as low as possible to 

improve medical outcome. Two commonly used methods to reduce stress and anxiety are 

listening to calming music, and being in a natural environment or presented with nature stimuli.  

 

The current study employed a 2 (nature video, no video) x 3 (personalized calming 

music, nature audio, no audio) design to test which combination most effectively calmed 

participants. Participants rated their state anxiety, and two dimensions of mood, i.e. energy and 

valence. The physiological measures were skin conductance level, activity in the trapezius 

muscle group, and heart rate variability in time domain, and low and high frequency domain.  

 

The results of the subjective measures suggest that personalized calming music was 

most effective in increasing perceived positive affect. The physiological reactions to music 

showed mixed results, whereas no audio was consistent in reducing physiological stress 

responses. In addition, the physiological measures indicate that watching a video of nature 

scenery was more effective in reducing physical stress responses than no video.  

 

The discrepancy between subjective and physiological measures indicates that the 

measures are sensitive to different internal processes. Therefore is suggested that studies should 

incorporate both types of measures to capture a comprehensive view on reducing anxiety. This 

study provides support for using video of nature scenery in hospitals to reduce physiological 

anxiety. Since mixed results were found for music, more research is required before using music 

in this context. However, personalized music can be used to increase subjectively measured 

valence and energy.  
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Introduction  
 

This research was done at Philips Research addressing the topic Ambient Healing 

Environments (AHE). The aim of AHE is to improve the hospital environment for both patients 

and staff. These improvements include increasing patients’ comfort, reducing recovery time, 

and reducing the use of sedatives required to diminish stress and anxiety experienced by the 

patients.  

 

Hospital patients often experience anxiety. Ludwick-Rosenthal and Neufeld (1988) 

identify uncertainty of diagnoses, being surrounded by an unfamiliar environment, having to 

undergo an unfamiliar and potentially painful procedure, and fear of death as sources of 

negative affective states. Negative affect experienced by patients can have negative 

consequences for the patients themselves, the hospital staff, and the workflow in the hospital.  

This thesis project investigated interventions which allow for anxiety and stress reduction that 

can be applied in the hospital. For this study a specific hospital setting was held in mind, namely 

the Positron Emision Tomography – Computer Tomography (PET-CT) uptake room. Patients 

spend approximately one hour in the PET-CT scan uptake room, before they undergo the PET-

CT scan, see Box 1.  

 

A frequently used strategy to reduce anxiety is the use of sedatives. Disadvantages of 

the use of sedatives are increased recovery time from the procedure the use of sedatives can also 

prevent timely discharge (Diette, Lechtzin, Haponik, Devrotes, & Rubin, 2003). Furthermore, in 

some cases medication may not be sufficient (MacDonald, Mitchell, Dillon, Serpell, Davies, & 

Ashley, 2003). It would be useful to use non-pharmaceutical approaches to reduce anxiety and  

 

Box 1: Positron Emision Tomography – Computer Tomography scan. 

PET CT scans. PET-CT scans are used to diagnose and evaluate the stage of cancer. A radioactive tracer, 

usually 18F-fluoro-deoxy-glucose (FDG), is injected into the bloodstream of the patient, which enables to 

image functional processes at molecular level. The FDG is transported into the cell instead of among others 

glucose (Yeung, Grewal, Gonen, Schöder, & Larson, 2003; Mawlawi & Townsend, 2009). The uptake of the 

tracer into the body takes approximately one hour, the patient spends this hour in the PET-CT scan uptake 

room. Anxiety have physical consequences which influence the uptake of the tracer, and with this the visibilty 

of the tumor on the scan. Physical consequences of anxiety are increased activity in the sympathetic nervous 

system, including muscle activity in the neck and shoulder region (Mawlawi & Townsend, 2009; El-Haddad, 

Alavi, Mavi, Bural, & Zhuang, 2004). Additionally, sympathetic nervous system activity is associated increased 

uptake by brown adipose tissue, brown fat, also especially in the neck and shoulder region (Yeung, Grewal, 

Gonen, Schöder, & Larson, 2003). Therefore, reducing patients’ anxiety enables reduction of false-positive 

PET imaging, which allows for more accurate diagnoses (Yeung et al., 2003; El-Haddad et al, 2004). 
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stress responses. Various methods are suggested for decreasing negative affect for patients. For 

example, educational interventions, e.g. providing information concerning the treatment, staff, 

self-care, and symptom management, have proven to be beneficial for patients. Individual 

counseling and support groups could also assist patients in coping with the negative situation. 

Additionally, massage, behavioral - such as biofeedback or relaxation techniques-, and cognitive 

therapy –such as thought monitoring, cognitive restructuring, or distraction- are applied to 

support patients in reducing their anxiety (Sheldon, Swanson, Dolce, Marsch, & Summers, 

2008). However, for the PET CT scan uptake room -an environment in which the patient is 

alone and is not allowed to move and in which the patient promotes both psychological and 

physiological stress responses an intervention method is required. 

 

The current study focuses on an intervention method with audiovisual stimulation to 

reduce anxiety. Different sensory modalities, such as auditory and visual stimuli, can be used to 

evoke affective reactions (Gomez & Danuser, 2004). Two commonly used methods to reduce 

negative affect are listening to calming music and being in a natural environment or being 

presented with natural stimuli (e.g. visual, auditory). Music is an extensively studied manner to 

induce affective states. Several important aspects of experiencing music will be discussed in a 

later section. Furthermore, nature stimuli have been studied broadly in the context of restoration 

from stress. There are two major theories concerning the restorative effect of nature which will 

be explained later on. 

 

First, the terms anxiety and stress will be elaborated upon. Subsequently, current 

theories on the beneficial effect of nature and music will be discussed. Finally, the research 

questions and hypotheses are provided. 

Anxiety and stress 

What is stress? 

Lazarus and Folkman (1984) advocate that an affective state is mediated by the 

appraisal of one’s environment, distinguishing into primary and secondary appraisal. Primary 

appraisal involves the assessment of the situation as being irrelevant, enhancing wellbeing, or 

stressful. A stress appraisal can have three sources, i.e. harm/loss, threat, and challenge. 

Secondary appraisal entails determining which strategies are available, which can be applied 

effectively, and can accomplish the desired outcome. In a stressful situation, secondary 

appraisal is of great importance, because it influences the outcome to a large extent. In short, 

stress concerns the relationship between an individual and the individual’s environment, where 

the situation endangers or disturbs the individual’s wellbeing (Lazarus & Folkman, 1984, p: 31). 
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What is anxiety? 

When a situation is perceived as stressful, this can manifest into various emotions such 

as fear, anger, sadness, shame, or anxiety. In case of anxiety, there is a personally threatening 

situation for which the person does not have an available response (Epstein, 1972). Uncertainty 

and uncontrollability of the situation, failure to comprehend the situation, or solely the 

imagination of the threat are sources for anxiety. Important elements of the cognitive appraisal 

towards the threat are that the person experiences the situation or imagination as a real threat, 

and how the person values the threat. Both anxiety and stress are characterized by heightened 

tension and arousal, and negative valence (Barlow, 2000; Epstein, 1972; Lazarus & Averill, 

1972; Spielberger, 1972). 

Physiological stress responses 

Anxiety and stress responses are known to be accompanied by increased sympathetic 

nervous system (SNS) activity (Andreassi, 2007: p. 65). The SNS prepares the body for a fight-

or-flight response in situations perceived as threatening to a person’s wellbeing, including 

bodily changes such as acceleration of the heart rate, pupil dilation, increased glucose in the 

blood stream, blood flow to certain muscles and sweating. With the increased heart rate and 

glucose supply to the muscles, combined with increased muscle tension, the body is prepared to 

flee or defend. The trapezius muscle group is one of the muscle groups related to stress 

responses. Tension in this muscle group is a way to measure SNS activity. Figure 1 shows the 

position of the muscle group (Krantz, Forsman, & Lundberg, 2004). 

 

 

Figure 1: Trapezius muscle group 

 

Sweating allows for the body to cool down and pursue into a flight reaction, and sweat 

is assumed to protect the skin against injuries. Heart rate variability in time and frequency 

domains are measures of the activity in the autonomic nervous system. In a stressful situation 

the heart rate is faster and varies less through time. Thus, low heart rate variability in the time 

domain is related to increased bodily stress reactions. Heart rate variability in the low frequency 

domain is an indicator of SNS activity. Heart rate variability in the high frequency domain is 
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known to be effected by relaxation responses. Relaxation responses are a result of increased 

activity in the parasympathetic nervous system (Berntson, Bigger, Eckberg, Grossmann, & 

Kaufmann, 1997). 

 

In summary, anxiety and stress responses are determined by a person’s appraisal of 

one’s environment. In case of anxiety, the environment or situation is perceived as threatening 

and the person prepares to fight or flight. The affective state is characterized by increased 

arousal and negative feelings. Physical stress reactions can be measured with skin conductance 

level, muscle tension, and heart rate variability in the time domain and frequency domain. 

Music 

Various studies have shown that music can serve as an instrument to induce a variety of 

affective states. The specific nature of affective responses to music is still a point of discussion. 

Previous research indicates that elements of music, characteristics of the listener, and the 

context all influence the affective reactions to music (Juslin & Sloboda, 2001). Certain 

structural components are involved in emotions expressed by music. For example, faster tempo 

is related to increased arousal, also minor mode songs are linked to more arousal compared to 

major mode songs (Van der Zwaag, Westerink, & Van den Broek, 2011). 

 

Properties of the music related to the listener such as familiarity, complexity, and 

expectedness are of importance. In addition, the affective reactions to music depend on the 

social, cultural and physical context of where the music is perceived (Juslin & Sloboda, 2001). 

People develop personal associations with music, making them recall a specific event or 

situation. These associations influence affective reactions strongly (MacDonald et al., 2003). 

Kreutz, Ott, Teichmann, Osawa, & Vaitl (2008) state that music preference is important in order 

to maximize affective reactions to music. 

 

Various studies successfully induced affective reactions with music that intended to 

induce the corresponding affective state (e.g. Kreutz et al., 2008; Wheeler, Sokhadze, Baruth, 

Behrens, & Quinn, 2011; Van der Zwaag & Westerink, submitted a). In these studies, music 

was pre-selected. The selection was based on affective evaluations of the music. 

 

Other studies aimed to induce affect after a stress induction. Sokhadze (2007) found that 

both pleasant and sad music foster stress recovery. Whereas Sandstrom and Russo (2010) 

showed that positively rated music was more effective in reducing stress as opposed to 

negatively rated music, and low arousal music more than high arousal music.  
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 Several studies focused on applying music to reduce stress and anxiety in clinical 

settings (e.g. Bolwerk, 1990; Wang, Kulkarni, Dolev, & Kain, 2002; MacDonald et al., 2003; 

Nilsson, 2008; White, 1999). An important consideration in offering music to patients is the 

music selection. Bolwerk (1990) used classical music that was rated as calm and quiet. Results 

of the study showed that the music intervention caused significantly lower state anxiety levels. 

White (1999) was able to reduce state anxiety, heart rate, and respiratory rate using 

interventions of classical music. A more current trend in music research allows the patient to 

bring one’s own music (Wang et al., 2002; MacDonald et al., 2003). Music selected by the 

listener has a larger effect on the affective state of the listener than pre-selected music (Blood & 

Zatorre, 2001). 

 

It can be concluded that music is effective in inducing affective states. Music can be 

effective in stress reduction in laboratory settings as well as in clinical settings. When selecting 

music to reduce stress and anxiety, it important to take into account a person’s music 

preference, associations with the music, familiarity, and positivity and calmness of the music. 

Nature 

The beneficial effect of natural environments on psychological wellbeing is studied 

extensively. Two major theories have a different approach of explaining the positive effect of 

natural stimuli. One theory is the psycho-evolutionary perspective of Ulrich (1991); according 

to this perspective humans have evolved in nature and are therefore adapted to nature both 

physically and psychologically. An unthreatening natural environment that evokes interest 

which is aesthetically pleasing fosters stress reduction. Aspects of such an environment are e.g. 

a visible escape route, vegetation, and water. In this kind of environment negative affect is 

replaced with positive affect, negative thoughts diminish, and physical arousal decreases. Thus, 

the psycho-evolutionary theory states that nature induces positive affective states, and fosters 

stress reduction (Ulrich et al., 1991). 

 

The other theory is the attention restoration theory of Kaplan (1995). This theory states 

that we use voluntary or directed attention, e.g. to fight off distraction, focus on weak stimuli, 

and sort the important from the unimportant. When the resource for direction attention is 

depleted, mental fatigue is the result. Restoration from mental fatigue can occur in an 

environment where no directed attention is needed. For an environment to be restorative, it must 

evoke fascination to hold attention involuntarily, the person needs to experience a sense of 

being away from usual environment, the environment should be coherent and allow for 

exploration, and the environment should be compatible to what the person aims to do in the 

environment. According to Kaplan (1995) nature stimuli have the potential to draw attention 
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involuntarily, which enables recovery from mental fatigue. The attention restoration theory 

states that recovery from stress occurs with cognitive processes in that nature allows for directed 

attention capacity recovery and reflection on oneself (Kaplan, 1995). 

 

An extensive body of research has proven that visual natural stimuli, both photographs 

and videos, can foster recovery from a stressful situation (e.g. Berto, 2005; Laumann, Garling, 

& Morten Stormark, 2003; Piferi,Kline, Younger, & Lawler, 2000; Van den Berg, Koole, & 

Wulp, 2003; Ulrich et al., 1991). These studies showed that images of natural scenery are more 

effective in recovery from stress reactions than images of urban scenery. Auditory natural 

stimuli have been investigated less than visual natural stimuli. Several studies have found that 

after a stress induction physiological arousal decreased stronger when nature sounds were 

presented as opposed to environmental noise or urban sounds (Alvarsson, Wiens, & Nilsson, 

2010; De Kort & IJsselsteijn; 2006). 

 

The combination of nature visuals with sounds is believed to enlarge the sense of being 

in the mediated environment (Lessiter, Freeman, Keogh, & Davidoff, 2001). Lombard and 

Ditton (1997) describe that when more senses are involved in the experience, a greater sense of 

presence can be achieved. More recently, sense of presence is linked to the restorativeness of a 

simulated environment (De Kort & IJsselsteijn, 2006). When a higher sense of presence is 

experienced, the stress reducing effect of the stimuli might be enlarged.  

 

In sum, two major theories describe the process of stress reduction. The psycho-

evolutionary perspective advocates that stress reduction due to nature is an affective process. 

Whereas the attention restoration theory postulates that nature draws involuntary attention, 

which allows for recovery from mental fatigue. Both auditory and visual nature stimuli are 

expected to reduce stress responses and increase positive affect. The combination of auditory 

and visual nature stimuli can increase the sense of presence in a natural environment in contrast 

to only auditory or visual stimuli. A higher sense of presence might enhance stress reduction 

and positive affect. 

Study aim and hypotheses 

This study investigates the effects of both visual and auditory stimuli and the 

combination of the stimuli on affective states. Calming music, nature visuals, and nature sounds 

are known to have stress and anxiety reducing effects. We aim to find a combination of audio 

and visual stimuli that fosters the strongest reduction in negative affect and arousal.  The effects 

of the stimuli are assessed with self reports on state anxiety, energy, and valence and 

physiological measures. Based on the introduced literature, the following hypotheses are made: 



14 

 

 

H1:  Video of nature scenery will have a stronger effect than no video, a stronger effect is 

indicated by a larger reduction in perceived anxiety, and a larger increase in perceived 

energy and valence, for the physiological measures a stronger effect is indicated by a 

larger decrease in SCL, EMG, and HRV LF, and a larger increase in HRV time and 

HRV HF. 

 

H2:  Nature sounds will have a stronger effect than no audio. 

 

H3  A: The combination of nature video with nature sounds will cause a higher sense of 

presence than solely nature video or audio. 

B: The combination of nature video with nature sounds will have a stronger effect than 

solely nature video. 

C: The combination of nature video with nature sounds will have a stronger effect than 

solely nature audio. 

 

H4:  Personalized calming music will have a stronger effect than no audio. 

 

H5  A: The combination of nature video with personalized calming music will have a 

stronger effect on than solely nature video. 

B: The combination of nature video with personalized calming music will have a 

stronger effect than solely nature audio. 

 

H6:  A: Liking, familiarity, and the positivity of associations of the video will influence the 

effect of video on perceived anxiety, energy, and valence, and the physiological 

measures. 

 B: Liking, familiarity, and the positivity of associations of the audio will influence the 

effect of audio perceived anxiety, energy, and valence, and the physiological measures. 

 C: The presence of aspects of the attention restoration theory perceived in the natural 

stimuli will influence the effect of the nature stimuli perceived anxiety, energy, and 

valence, and the physiological measures. 
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Method 

Design 

This study investigated the effect of audio and video stimuli on psychological and 

physiological indicators of anxiety on induced anxiety. The study employed a 2 (video, no 

video) x 3 (personalized calming music, nature audio, no audio) design. Each participant 

completed two sessions. In each session one condition was tested. All conditions were 

counterbalanced over the sessions and over the participants, which is shown in Table 1. 

Participants were randomly allocated to the conditions. To measure changes in the affective 

state of the participants, self reports on state anxiety and mood were conducted and changes in 

participants’ skin conductance level, tension in the trapezius muscle group, heart rate variability 

time domain, and low and high frequency domain, skin temperature, and respiration rate were 

assessed. 

 

Table 1: Overview of conditions per session per participant, the schema was repeated.  

P Session 1 Session 2 

1 Video, music No video, nature audio 

2 Video, music No video, no audio 

3 Video, nature audio No video, music 

4 Video, nature audio No video, no audio 

5 Video, no audio No video, music 

6 Video, no audio No video, nature audio 

7 Video, music Video, nature audio 

8 Video, music Video, no audio 

9 Video, nature audio Video, music 

10 Video, nature audio Video, no audio 

11 Video, no audio Video, music 

12 Video, no audio Video, nature audio 

Participants 

Forty-five volunteers (twenty-five men, twenty women, Mage = 53 years, SDage = 12) 

participated in the study. A requirement for participation was that the age of the participant was 

between 25 and 75 years old, to increase the relevance of the participants by approximating the 

age of patients undergoing a PET CT scan. Participants were recruited via a database and 

contacted personally. Participants received a gift coupon worth fifteen euro for their 

participation in the study.  
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Apparatus 

During the experiment the participant was seated at a desk with a computer with a 19 

inch screen, the computer had speakers on both sides. A Parasonic HDC SD800 camera was 

used to record the participant during the anxiety induction. Psycho-physiological measurements 

were performed with a Nexus-10 device (Mind Media BV, Roermond, The Netherlands). 

Stimuli 

Anxiety induction. The anxiety induction was based on the Trier Social Stress Test 

(TSST) (Kirschbaum, Pirke,& Hellhammer, 1993). The TSST was proven to be reliable for 

inducing psychological stress under controlled conditions (Dawans, Kirschbaum, & Heinrichs, 

2011; Kirschbaum et al., 1993; De Vries, Van  Dooren, Van Beek, Dijk, Ouwekerk, & 

Westerink, 2010). 

 

In the original protocol, the participants are asked to prepare a job interview. After ten 

minutes of preparation, the participant presents his or her motivation for the vacancy to a 

committee of three people. The motivation is recorded with a camera and is required to last for 

five minutes. When the participant finishes in less than five minutes, the committee asks him or 

her to proceed. When the participant finishes his motivation, he or she has to perform a mental 

arithmetic task (Kirschbaum et al., 1993). The mental arithmetic task is one of several key 

components of the TSST that contribute to the stress induction, other key components are public 

speaking, , having an audience present, and an anticipatory period (Dawans et al., 2011). De 

Vries et al. (2010) describe a variation of the TSST in which the preparation period is shortened. 

Following De Vries et al. (2010), the preparation period was reduced to five minutes and the 

participant presented his or her motivation for the vacancy to a camera and one experimenter. 

Since this procedure showed to induce stress to the participants, this procedure was adopted in 

the present study. This method is applied more easily than the original TSST, as there is solely 

one experimenter required and the experiment takes less time. 

 

In the current study anxiety would be induced twice and it was important that the 

anxiety was present throughout the entire experiment. Therefore, the procedure was modified to 

be appropriate for this study. A pilot test was conducted to test whether anxiety could be 

induced if the preparation period and speech was reduced to three minutes. The pilot test 

showed that a three minute period was sufficient to induce anxiety. 

 

In the present study, participants had to prepare two job interviews, one during each 

session. They were told they would have to present their motivation for one of the vacancies in 

another room for colleagues of the experimenter after the last block of stimuli. Both vacancies 
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were taken from the Philips website, with a minimum education level of Bachelor of Science. 

The key components of the original TSST procedure that reoccur in the procedure of the current 

study are public speaking, audience and an anticipatory period.  

 

Video. To select the video of natural scenery for this study several properties were 

desired. Limited camera movements and shots were desired, as these movements and/or shots 

could make the video seem restless. Moreover, a visible ground surface was required, since this 

allows for an escape route (Van de Berg et al., 2003). In addition, the presence of animals and 

humans was avoided, since both are known to influence affect (Deplegde, Stone, & Bird, 2011). 

Additionally, based on the theory of Ulrich et al. (1991) it was necessary that the scenery 

presented in the video included aspects which foster survival and well-being, such as vegetation 

and water. Considering the desirable properties mentioned above, the following video emerged 

as the most appropriate one: Fitness Journeys - Forest & Bush Trails, track 3: Shady forest, see 

Figure 2. For the visual stimuli for this study the third until the tenth minute of the video were 

selected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Screenshot of Fitness Journeys - Forest & Bush Trails, track 3: Shady forest 

 

Nature audio. For the nature audio the audio that accompanied the video was used. It 

contained bird sounds and the sound of a breeze through the forest. 

 

Music. The participants completed the Short Test of Music Preference (STOMP) at 

least one day before the experiment. The results of this test provide information about the music 

preference of the participant (Appendix B) (Rentfrow & Gosling, 2003). Music was selected 

from a database in which the songs were classified in valence and arousal levels based on music 
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features and emotion ratings (Skowronek, McKinney, Van der Par, 2006, 2007). The music 

selection for each participant was based on the outcome of the STOMP questionnaire in 

combination with low arousal values and positive valence of the songs. 

 

Duration. Previous research has shown that when inducing mood with music, the 

stabilization of the physiological recordings is complete after four minutes (Van der Zwaag & 

Westerink, Submitted b). In a study investigating the restorative effect of nature, Ulrich et al. 

(1991) found that physiological recordings of the skin conductance responses, pulse transit time, 

muscle tension, and heart period showed a large decrease before the fourth minute. However, 

skin conductance responses and pulse transit time decreased further between the fourth and 

seventh minute. Therefore in the present study the duration of the stimuli was determined to be 

seven minutes. 

Measurements 

Subjective measurements 

State anxiety. State anxiety was measured with the eight item version of the State Trait 

Anxiety Inventory (STAI-state) (Spielberger, 1977). Statements such as ‘I am tense’ and ‘I feel 

comfortable’ were rated on a four point Likert scale ranging from ‘not at all’ to ‘very much so.’ 

The questions can be found in Appendix C. Cronbach’s alpha for STAI- state after the stressor 

was .88, and after the stimulus .90. 

 

Mood. Two dimensions of mood were measured using the UWIST Mood Adjective 

Checklist (UMACL), i.e. valence and energy (Matthews, Jones, & Chamberlain, 1990). 

Questions of the UMACL all start with ‘right now I am feeling…’ Eight unipolar items are 

asked for each dimension. Answers were given on a seven point Likert scale ranging from ‘not 

at all’ to ‘very much’. The valence dimension contained items such as ‘cheerful’ and 

‘dissatisfied’, the energy dimension contained items such as ‘energetic’ and ‘sluggish’. 

Cronbach’s alpha for energy after the stressor and after the stimulus were respectively .81 and 

.82, and for valence respectively .91 and .92. All items of the two dimensions can be found in 

Appendix D. 

 

Evaluation of stimuli. Familiarity, liking, and valence of the associations the 

participants had with the video and/or audio stimuli were asked on a seven point Likert scale 

(Appendix E). Subsequently eight items of the Perceived Restorativeness Scale (PRS) were 

used to investigate to which extent the aspects of the attention restoration theory mediated the 

calming effect of the stimuli (Hartig, Korpela, Evans, & Garling, 1997) (Appendix F). Three 

items of the spatial subscale of the ITC-Sense of Presence Inventory (ICT-SOPI) were used to 
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measure the sense of presence the participant had in the environment created by the video 

(Lessiter et al., 2001) (Appendix G). 

 

Traits. The following questionnaires were used to measure characteristics of the person 

that could impact the participants’ reactions to the stimuli: Ten Item Personality Inventory 

(TIPI) (Gosling, Rentfrow, & Swann Jr, 2003), Trait Anxiety Inventory (STAI-trait) 

(Spielberger, 1977), and Stimulus Screening Ability (SSA) (Mehrabian, 1977) (Appendix H-J). 

In addition demographics, musicality and activities prior to the experiment were reported 

(Appendix K). Table 2 shows the reliability scores for the questionnaires. 

 

Table 2: Cronbach’s alpha 

Questionnaire Variable Cronbach’s alpha 

Perceived Restorativeness Scale General (fascination, being away, compatibility) .90 

 Coherence .15 

ITC-Sense of Presence Inventory Presence .76 

Ten Item Personality Inventory Extraversion .74 

 Agreeableness .39 

 Conscientiousness .56 

 Emotional stability .66 

 Openness to new experiences .71 

Stimulus Screening Ability Positive items .77 

 Negative items .89 

State Trait Anxiety Inventory Trait anxiety .76 

 

Psycho-physiological measurements 

Cardiovascular measurements were performed (ECG), and skin conductance level 

(SCL), activity of the trapezius muscle group (EMG), skin temperature (ST), and respiration 

rate (RR) were measured. Physiological signals were preprocessed using the MATLAB 

programming environment (2009a, The Mathworks, Natick, MA). 

 

Cardiovascular measures. ECG measurements were taken via the standard Lead II 

placement, sample frequency 1024 Hz (Stern, Ray, & Quigley, 2000). Ag-AgCl disposable 

electrodes containing a solid gel were used; the negative and ground electrodes were placed 

respectively right and left below the collarbones. The positive electrode was placed between the 

lowest two ribs on the left chest. The R-peaks were automatically detected, after amplification 

and filtering of the ECG signal (Butterworth band pass: 0.5 - 40Hz). The R-R intervals, the 

interbeat intervals (IBI), were calculated applying an absolute threshold between 400 and 1400 

ms. In addition, a moving threshold detected IBIs that were 50 % larger or smaller than the 
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average of the last 40 IBIs. IBI artifacts were removed from the data series. Auto-regression was 

used to calculate the power spectral density of the IBIs (Berntson et al., 1997). The power at the 

low frequency range (.04 - .15 Hz) and the high frequency range (.15 -.40) of the IBIs were 

determined from the absolute values of the power spectral density. The variations of IBI in time 

were used to calculate the heart rate variability in the time domain. 

 

Skin conductance level. Skin conductance level was measured using dry Ag-AgCl 

finger electrodes. Two electrodes were placed on the upper phalanxes of the index and middle 

fingers of the non-dominant hand.  A low-pass IRR filter at 0.5 Hz was used to remove small 

movement artifacts in the signal (sample frequency 128 Hz). The mean skin conductance value 

over one minute intervals were calculated and served as measure for skin conductance level. 

 

Electromyographic activity. The EMG electrodes were placed on trapezius muscle at 

the base of the neck. The two Ag-AgCl disposable electrodes, sample frequency 1024 Hz, were 

placed on the shoulder of the side of the non-dominant hand. The signal, sample frequency 1024 

Hz, was filtered using a-pass filter of 20Hz and band stop Notch of 48-52 Hz, low frequency 

artifacts and 50 Hz interference were removed from the raw signal. Furthermore, the signal was 

rectified, one minute intervals were calculated, and divided by the duration of the segment to 

obtain the mean rectified voltage (MRV) (Fridlund & Cacioppo, 1986). 

 

Skin temperature. The skin temperature sensor was attached to the lower phalanx of 

the middle finger of the non-dominant hand using adhesive tape, sample frequency 128Hz. The 

sensitivity of the temperature sensors records temperature changes up to 0.001°C in a range of 

10°C to 40°C. The mean values over one minute intervals were calculated and used as measure 

for the skin temperature (ST). 

Respiration rate. A gauge band around the chest was used to measure respiration. 

Noise was excluded from the raw signal (sample frequency 128 Hz) and movement artifacts 

were removed using a .005 – 1.0 Hz band pass IIR filter. The number of respiration cycles per 

minute indicated the respiration rate (Grossman & Taylor, 2007; Wientjes, 1992). 

Procedure 

The experimenter picked up the participant at the entrance hall of the building where the 

experiment took place. In the experiment room, the experimenter explained that the purpose of 

the study was to test the effect of video and audio on work performance. After a short 

explanation of the psycho-physiological measurements, the physiological sensors were attached 

to the participant. Next, the participant filled out the STAI-state and UMACL, whereupon the 
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baseline measures were taken. The baseline measurement took six minutes. The 

asked to relax during the six minute period.
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Figure 2: The procedure of the experimen
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The procedure of the experiment 

After the baseline, the experimenter explained the following steps of the experiment. 

prepare two job interviews and was presented with two blocks of 

video, audio, or a combination of video and audio w

addition, the participant was told that at the end of the session in this room, the physiological 

sensors would be detached and he or she would be transferred to another room
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repetition of the first session differing only in presented stimuli.  
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next to the participant looking at the side of the participant, see Figure 3. When the participant 
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baseline measures were taken. The baseline measurement took six minutes. The participant was 

or she was asked to sit still and was allowed to 

of the procedure of this experiment. 

After the baseline, the experimenter explained the following steps of the experiment. 

prepare two job interviews and was presented with two blocks of 

was presented. In 
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After the second session, the participant was asked whether he or she remembered the 

following steps, i.e. moving to another room in which one of the job interviews would be 

repeated in front of two colleagues, as manipulation check. Hereafter, the experimenter 

debriefed the participant. She explained the job interview would not be executed and the 

preparation for the job interview had been used to induce stress. The experimenter provided 

information about the background of the study, elucidating the necessity to induce stress. After 

the debriefing the participant filled out the last questionnaires, i.e. questions about 

demographics and musicality, Ten Item Personality Inventory, STAI-trait, Screening Stimulus 

Ability. Finally the participant was thanked for participation in the study and a gift voucher was 

given. 

 

  
Figure 3a-b: Experiment setting, a: participant is filling out the questionnaires, b: during the stress induction the 

experimenter is seated next to the participant 

Data analysis 

Subjective measures 

Anxiety scores were calculated by summarizing the normal coded and reverse coded 

items of the State Anxiety Inventory. The mood scores were calculated by averaging the normal 

coded and reverse coded items for energy and valence of the UWIST Mood Adjective 

Checklist. Subsequently, for STAI-state, energy, and valence the delta scores were calculated by 

subtracting the scores measured after the stressor from the scores measured after the stimulus. 

Physiological measures 

To limit the complexity of the study, not all physiological measures are used in this 

study. Skin temperature and respiration rate were not processed further and included in the 

study.  

  

After the preprocessing of the physiological signals, the average of the last two minutes 

that the participant was exposed to the stressor was calculated, this is the stressor score. During 
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the stimulus, physiological measures were calculated for each minute of the seven minute 

period. They were corrected with the stressor score in the following ways. For the EMG and 

HRV time, low and high frequency scores, the stressor score was subtracted from the average 

values of each minute of the stimulus. Skin conductance level scores were obtained by applying 

z-transformations on the average values of each minute of the stimulus. For each participant the 

mean and standard deviation of the stressor period were used as mean and standard deviation for 

the z-transformations. 

Outliers 

In the subjective data no outliers were detected. Physiological data was missing for three 

participants. Furthermore, when scores diverged more than three standard deviations of the 

group mean, the scores were replaced by the score of the next data point to prevent data loss. 

For HRV LF data of the first session for one participant was excluded. Five data points for the 

EMG scores were replaced and for one participant both sessions and another participant one 

session were excluded. For two participants the z-transformation of the values of SCL of the 

first stimulus block were executed with the standard deviation of the seven minute period of the 

stimulus instead of the stressor score, to avoid the values becoming outliers. The SCL scores of 

one participant for the second block were excluded.  

Linear Mixed Models 

Data was analyzed with Linear Mixed Models approach using SPSS Statistics 19 (2010, IBM 

company, US). Data of the baseline measurements, traits, and demographics were measured per 

participant, and each participant tested two conditions. Thus, data was clustered within the 

variable ‘participant’.  
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Results 

Effects of the stress induction 

Subjective measurements 

When a participant has a state anxiety score of 40 or higher on the complete version of 

the State Trait Anxiety Inventory (STAI), the individual is considered to be anxious (Bolwerk, 

1990). In the current study an 8 item version of the STAI is used, for which the threshold for 

state anxiety is a state anxiety score of 16. The mean scores of state anxiety after the first and 

the second anxiety induction were above 16, as can be seen in Table 3. The mean scores of 

energy and valence at the baseline, after the first anxiety induction, and second anxiety 

induction are listed in Table 2 as well. Paired samples t-tests were used to compare the scores of 

the subjective measures at the baseline with the scores after the first and after the second 

induction. State anxiety increased during both inductions, energy was not influenced by the 

inductions, and valence was decreased after the first and the second induction. The results of the 

analysis are listed in Table 3. 

 

Table 3: The mean scores and results of the paired samples t-tests for the subjective measures 

    Mean 1 SE Paired samples t-test 

with baseline scores 

State anxiety Baseline 13.76 .42  

 After first anxiety induction 19.07 .73 t (44) = -8.00, p = .00 

  After second anxiety induction 17.98 .67 t (44) = -6.95, p = .00 

Energy Baseline 4.73 .13  

 After first anxiety induction 4.75 .15 t (44) = -.15, p = .88 

  After second anxiety nduction 4.93 .16 t (44) = -1.16, p = .25 

Valence Baseline 5.93 .07  

 After first anxiety induction 5.11 .17 t (44) = 5.79, p = .00 

  After second anxiety induction 5.39 .20 t (44) = 3.22, p = .00 

 

Linear Mixed Models explored whether the anxiety induction influenced the measures 

equally among the conditions. The model contained the main effects of video, audio, and 

session, and the interaction effect of video and audio. Table 4 shows the results of the analysis 

for state anxiety, energy, and valence. A table with the statistical values and means can be found 

in Appendix L. State anxiety was higher after the first induction compared to the second 

induction and valence was lower after the first induction compared to the second induction.  No 

differences were found between the audio and video conditions for the subjective measures after 

the anxiety inductions. 
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Table 4: The results of the Linear Mixed Models analysis on influence of the anxiety induction 

    Statistical values  

State anxiety Video F (1, 42.6) = .00, p = .96  

 Audio F (2, 48.6) = 2.20, p = .12 

 Session F (1, 41.8) = 3.82, p = .06 

  Video x audio F (2, 85.1) = .58, p = .56 

Energy Video F (1, 44.9) = .09, p = .77 

 Audio F (2, 50.0) = 1.04, p = .36 

 Session F (1, 44.1) = 2.31, p = .14 

  Video x audio F (2, 83.4) = 1.19, p = .31 

Valence Video F (1, 43.1) = .54, p = .47 

 Audio F (2, 46.6) = 1.43, p= .25 

 Session F (1, 42.5) = 5.34, p = .03 

  Video x audio F (2, 75.5) = .15, p = .86 

 

Physiological measurements 

Paired samples t-tests were used to compare the scores of the physiological measures at 

the baseline with the scores at the end of the first and second anxiety induction. The means and 

statistical values are listed in Table 5. SCL was increased because of the anxiety induction. 

Activity in the trapezius muscle group was increased during both anxiety inductions. Time 

domain HRV showed an increase in the second anxiety induction, but not in the first induction. 

HRV in the low and high frequency was not influenced by the anxiety inductions.  

 

Table 5: The mean scores and results of the paired samples t-tests for the physiological measures 

    Mean 1 SE Paired samples t-test 

with baseline scores 

SCL Baseline 1.83 .19  

 After first anxiety induction 4.34 .32 t (41) = -11.51, p = .00 

  After second anxiety nduction 5.10 .41 t (41) = -10.42, p = .00 

HRV time Baseline .04 .004  

 After first anxiety induction .05 .004 t (41) = -1.57, p = .12 

  After second anxiety induction .05 .004 t (41) = -2.21, p = .03 

HRV LF Baseline 1.13 .46  

 After first anxiety induction 1.23 .20 t (41) = -.20, p = .84 

  After second anxiety induction 1.49 .25 t (41) = -.70, p = .49 

HRV HF Baseline .51 .14  

 After first anxiety induction .63 .18 t (41) = -.56, p = .58 

  After second anxiety induction .80 .24 t (41) = -1.11, p = .28 

EMG Baseline 7.62 1.26  

 After first anxiety induction 12.44 1.74 t (41) = -2.52, p = .02 

  After second anxiety induction 13.66 1.84 t (41) = -3.06, p = .00 

 



26 

 

Linear Mixed Models investigated the effect of the anxiety induction on the physiological 

measures. The model consisted of the main effects and interaction effect of the video and audio 

condition, and the main effect of session. The statistical values are listed in Table 6. A complete 

table with the means and statistical values can be found in Appendix M. In the second anxiety 

induction higher scores were measured for SCL and HRV LF than in the first induction. In 

addition, after the anxiety induction higher SCL was measured for the video condition opposed to 

the control condition. The interaction effect of video and audio was significant on SCL, HRV 

time, and marginally significant on HRV HF. 

 

Table 6: The results of the Linear Mixed Models analysis on the influence of the anxiety induction 

    Statistical values 

SCL Video F (1, 41.8) = 4.51, p = .04 

Audio F (2, 42.6) = .55, p = .58 

Session F (1, 41.6) = 32.23, p = .00 

Video x audio F (2, 51.1) = 3.71, p = .03 

HRV time Video F (1, 41.9) = 2.09, p = .16 

Audio F (2, 43.3) = .78, p = .47 

Session F (1, 41.5) = 2.82, p = .10 

  Video x audio F (2, 58.0) = 4.33, p = .02 

HRV LF Video F (1, 41.4) = 1.22, p = .28 

Audio F (2, 42.4) = 1.25, p = .30 

Session F (1, 41.1) = 5.76, p = .02 

  Video x audio F (2, 53.7) = 1.79, p = .18 

HRV HF Video F (1, 41.8) = .20, p = .66 

Audio F (2, 43.1) = 1.00, p = .38 

Session F (1, 41.4) = 1.98, p = .17 

  Video x audio F (2, 57.0) = 2.77, p = .07 

EMG Video F (1, 42.3) = .01, p = .94 

Audio F (2, 43.2) = 2.84, p = .07 

Session F (1, 42.0) = 1.66, p = .21 

  Video x audio F (2, 54. 0) = 1.81, p = .17 

 

Subjective measurements 

State anxiety 

A Linear Mixed Models analysis was performed on the video and audio conditions, and 

session as factors and the delta scores of state anxiety as dependent variable. The main and 

interaction effects of the video and audio conditions are tested, as well as the main effect of 

session. The variable session represents the first anxiety induction and stimulus block, or the 

second anxiety induction and stimulus block. The mean delta scores of state anxiety can be 

found in Table 7, the results of the analysis are listed in Table 8. No significant main effect of 
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the video manipulation was found, nor an interaction effect of the video and audio 

manipulations. The audio manipulation showed a trend. Pairwise comparisons of the audio 

conditions showed that state anxiety reduced more when presented with personalized calming 

music compared to nature audio (p < .05). Figure 4 shows the mean delta scores of state anxiety 

of the audio conditions. The main effect of session caused a trend as well, state anxiety reduced 

more in the first session compared to the second session. 

 

Table 7: The mean delta scores of state anxiety 

      Mean  1 SE 

Main effect video No video  -3.82 .56 

  Video   -4.16 .57 

Main effect audio No audio -3.91 .65 

 Nature audio -3.17 .64 

  Music   -4.90 .72 

Main effect session Session 1 -4.52 .56 

  Session 2   -3.49 .56 

Interaction effect video and audio No video No audio -3.26 .91 

  Nature audio -3.36 .91 

   Music -4.86 1.00 

 Video No audio -4.56 .91 

  Nature audio -2.99 .89 

    Music -4.95 1.04 

 

Table 8: The results of the Linear Mixed Models analysis on state anxiety  

     F p 

Main effect of Video (1, 45.1) = .45 .51 

 Audio (2, 56.2) = 2.50 .09 

  Session (1, 44.2) = 2.89 .10 

Interaction effect of  Video and audio (2, 86.5) = .50 .61 

 

Figure 4: The mean delta scores of state anxiety, +/- 1 standard error 
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Energy 

Linear Mixed Models explored the effect of the video and audio conditions on energy. 

The model consisted of the video, audio conditions, and session as independent variables. The 

delta scores of energy was the dependent variable. The main and interaction effect of the video 

and audio conditions were included in the model, as well as the main effect of session. Table 9 

shows the mean delta scores of energy and Table 10 shows the statistical values of the model. 

Only the audio condition had a significant effect. The energy levels decreased more while 

listening to no audio or nature audio compared to personalized calming music. Pairwise 

comparisons of the music condition with no audio and nature audio condition both gave p < .05, 

see Figure 5. 

 

Table 9: The mean delta scores of energy 

      Mean SE 

Main effect video No video  -.30 .14 

  Video   -.21 .14 

Main effect audio No audio -.42 .17 

 Nature audio -.41 .16 

  Music .07 .19 

Main effect session Session 1  -.12 .14 

  Session 2   -.38 .14 

Interaction effect video and audio No video No audio -.26 .23 

  Nature audio -.72 .23 

   Music .09 .26 

 Video No audio -.59 .23 

  Nature audio -.10 .23 

    Music .05 .27 

 

Table 10: The results of the Linear Mixed Models analysis on energy 

    F P 

Main effect of Video (1, 45.8) = .37 .55 

 Audio (2, 61.2) = 3.13 .05 

  Session (1, 45.0) = 2.30 .14 

Interaction effect of  Video and audio (2, 82.2) = 1.86 .16 
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Figure 5: The mean delta scores of energy, +/- 1 standard error. 

Valence 

Linear Mixed Models investigated the delta scores of valence. The model contained the 

main effects of the video, audio, and session, and the interaction effect of video and audio was 

included. The means of the delta scores of valence are reported in Table 11, the statistical values 

of the model can be found in Table 12. A significant effect of both session and audio was found. 

In the first session larger increase in valence was found than in the second session. Pairwise 

comparisons of the audio conditions showed that personalized calming music led to a larger 

increase of valence compared to nature audio (p < .05). Personalized calming music resulted in 

a marginally larger increase in valence than the control condition (p = .07). The means of the 

valence change scores per audio condition are plotted in Figure 6. 

 

Table 11: The mean delta scores of valence, +/- 1 standard error 

       Mean 1 SE 

Main effect of video No video  .55 .11 

  Video   .47 .11 

Main effect of audio No audio .45 .12 

 Nature audio .33 .12 

  Music   .75 .14 

Main effect of session Session 1  .69 .11 

  Session 2   .32 .11 

Interaction effect of video and audio No video No audio .46 .17 

  Nature audio .40 .17 

   Music .80 .19 

 Video No audio .44 .17 

  Nature audio .27 .17 

    Music .69 .19 
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Table 12: The results of the Linear Mixed Models analysis on valence  

    F P 

Main effect of Video (1, 45.6) = .51 .48 

 Audio (2, 58.3) = 3.35 .04 

  Session (1, 44.7) = 10.31 .00 

Interaction effect of  Video and audio (2, 85.2) = .05 .95 

 

 

Figure 6: The mean delta scores of valence, +/- 1 standard error. 

Correlations 

Pearson’s correlations were calculated between state anxiety, energy, and valence to 

investigate how these measures were related to one another. The delta scores for state anxiety, 

energy, and valence were strongly correlated. Table 13 shows values for the correlations. State 

anxiety was negatively related to both energy and valence. Energy and valence showed a 

positive correlation. 

 

Table 13: Correlations between state anxiety, energy, and valence 

   State 

anxiety 

Energy Valence 

State anxiety Pearson's r 1     

 Sig.    

  N 90    

Energy Pearson's r -.27 1  

 Sig. .01   

  N 90 90   

Valence Pearson's r -.61 .41 1 

 Sig. .00 ,00  

  N 90 90 90 
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Table 14 shows the correlation of the delta scores of state anxiety, energy, and valence 

with the subjective measurements on the stimuli. The extent to which the participant liked the 

audio stimuli was negatively related to state anxiety, and positively related to energy. The extent 

to which the participant liked the video was positively related to energy. The positivity of the 

associations participants had with the video was marginally negatively related to state anxiety 

and positively to energy. The dimension of the perceived restorativeness scale (PRC) containing 

the aspects fascination, being away, and compatibility was negatively correlated to state anxiety. 

 

Table 14: Correlations of state anxiety, energy, and valence with subjective measurements on stimuli  

  Audio     Video       
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State anxiety Pearson's r -.43 -.15 -.25 -.21 -.03 -.30 -.29 -.22 

 Sig. .01 .35 .11 .19 .84 .06 .01 .26 

  N 41 41 42 40 40 40 72 28 

Energy Pearson's r .42 .23 .21 .31 .07 .28 .18 .19 

 Sig. .01 .16 .18 .05 .68 .09 .12 .33 

  N 41 41 42 40 40 40 72 28 

Valence Pearson's r .17 .02 -.05 .13 -.02 -.06 .16 .24 

 Sig. .30 .90 .78 .44 .92 .71 .17 .23 

  N 41 41 42 40 40 40 72 28 

 

 

The correlations of the delta scores of state anxiety, energy, and valence with various 

traits are presented in table 15. Whether the participants preferred to live in a natural or urban 

environment was marginally negatively related to state anxiety. The delta scores for valence 

were positively related to the number of years the participant had played an instrument and the 

preferred environment to live in. 
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Table 15: The correlations of state anxiety, energy, and valence with traits 
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State anxiety Pearson's r -.02 -.10 -.01 .04 -.14 -.11 -.12 -.19 

 Sig. .86 .35 .96 .68 .20 .31 .26 .08 

  N 90 90 90 90 90 90 88 90 

Energy Pearson's r .01 -.00 -.05 -.13 .09 .09 .08 .08 

 Sig. .95 .99 .63 .22 .39 .41 .47 .48 

  N 90 90 90 90 90 90 88 90 

Valence Pearson's r .17 .04 -.17 .07 .09 .00 .24 .21 

 Sig. .10 .75 .12 .51 .43 1.00 .02 .05 

  N 90 90 90 90 90 90 88 90 

 

Physiological measurements 

Skin Conductance Level 

A Linear Mixed Models analysis was used to assess normalized skin conductance level 

scores (SCL). The video and audio conditions, session, and time were the independent variables. 

Additionally, the interaction effects of video, audio, and time were included in the model. The 

mean normalized SCL for video, audio, time, session and the interaction effect of video and 

audio are presented in table 16. The mean normalized scores of SCL for the interaction effect of 

time with video and with audio can be found in Figures 8 and 9. The statistical values can be 

found in Table 17. As the table shows, there was a significant main effect of video, audio, time, 

session, and an interaction effect of video and audio.  
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Table 16: The mean normalized SCL and standard errors 

      Mean 1 SE 

Main effect video No video  -3.19 .73 

  Video   -4.79 .74 

Main effect audio No audio -5.04 .75 

 Nature audio -3.02 75 

  Music   -3.92 .77 

Main effect of time Minute 1 -1.65 .79 

 Minute 2 -2.97 .79 

 Minute 3 -3.86 .79 

 Minute 4 -4.54 .79 

 Minute 5 -4.81 .79 

 Minute 6 -4.87 .79 

  Minute 7   -5.25 .79 

Main effect sesión Session 1  -3.31 .74 

  Session 2   -4.68 .74 

Interaction effect video and audio No video No audio -5.44 .85 

  Nature audio -2.81 .85 

  Music -1.33 .84 

 Video No audio -4.63 .83 

  Nature audio -3.23 .83 

    Music -6.51 .90 

 

Table17: The results of the Linear Mixed Models analysis on normalized SCL 

    F p 

Main effect of Video (1, 544.7) = 34.51 .00 

 Audio (2, 550.9) = 17.78 .00 

 Time (6, 538.2) = 13.35 .00 

  Session (1, 539.6) = 27.32 .00 

Interaction effect of Video and audio (2, 567.2) = 14.53 .00 

 Time and video (6, 538,2) = .10 1.00 

  Time and audio (12, 538.2) = .79 .67 

 

Lower average normalized SCL were found than in the no video condition. Pairwise 

comparisons of the audio conditions showed that the no audio condition induced lower average 

normalized SCL compared to the nature audio (p < .05) and personalized calming music 

condition (p < .05). In addition, lower averages were found in the music condition than in the 

nature audio condition (p < .05). Figure 10 shows the interaction effect of the video and audio 

condition on normalized SCL. Pairwise comparisons of the interaction showed that the average 

normalized SCL for personalized calming music with video is significantly lower than the 

average normalized SCL of personalized calming music without video (p < .05). In the second 

session lower normalized SCL are found than in first session, see Table 16. 
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Figure 8: The mean normalized SCL of the video manipulation over time, + /- 1 standard error 

 

 

Figure 9: The mean normalized SCL of the audio manipulation over time, +/- 1 standard error 
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Figure 10: The mean normalized SCL of interaction effect of video and audio, +/- 1 standard error    

Activity in the trapezius muscle group 

Linear Mixed Models investigated the delta scores in tension in the trapezius muscle 

group (EMG). The model included the main effects of video, audio, time, and session, and the 

interaction effects between video, audio, and time. Table 18 shows the means of the main 

effects of video, audio, time, and session, ant the interaction effect of video and audio. The 

means of the interaction effect of time and audio are plotted in Figure 11. Table 19 presents the 

statistical values of the model. A significant main effect of the audio condition was found on 

EMG delta scores. Pairwise comparisons showed that in the no audio condition a larger negative 

EMG delta score were found, implying a larger reduction of EMG tension, than in the music 

and nature conditions (respectively: p =.07, p < .05). 
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Table 18: The mean delta scores of EMG 

      Mean 1 SE 

Main effect video No video  -3.66 1.50 

  Video   -3.62 1.51 

Main effect audio No audio -4.81 1.52 

 Nature audio -2.48 1.52 

  Music   -3.63 1.54 

Main effect of time Minute 1 -.78 1.56 

 Minute 2 -2.67 1.56 

 Minute 3 -3.65 1.56 

 Minute 4 -4.29 1.56 

 Minute 5 -4.69 1.56 

 Minute 6 -4.71 1.56 

  Minute 7   -4.94 1.56 

Main effect of session Session 1  -2.15 1.50 

  Session 2   -5.20 1.50 

Interaction effect video and audio No video No audio -4.55 1.65 

  Nature audio -2.15 1.64 

   Music -4.27 1.64 

 Video No audio -5.06 1.62 

  Nature audio -2.81 1.63 

    Music -3.00 1.68 

 

 

Table 19: The results of the Linear Mixed Models analysis on EMG 

    F P 

Main effect of Video (1, 541.1) = .01 .91 

 Audio (2, 545.7) = 7.14 .00 

 Time (6, 538.9) = 8.83 .00 

  Session (1, 539.9) = 62.76 .00 

Interaction effect of Video and audio (2, 575.1) = .97 .38 

 Time and video (6, 538,9) = .66 .68 

  Time and audio (12, 538.9) = .43 .95 

 

 



THE EFFECT OF MUSIC, NATURE SOUNDS AND VISUALS ON INDUCED ANXIETY 

 
37 

 

 

Figure 11: The mean EMG delta scores of the audio manipulation over time in mean rectified voltage, +/- 1 standard 

error. 

Heart Rate Variability Time 

The means of the main effects of video, audio, time, and session and the interaction effect of 

video and audio are listed in Table 20. Linear Mixed Models explored the effect the delta scores 

of HRV in the time domain (HRV time). The main effects of video, audio, time, and session 

were included in the model, as well as the interaction effects between video, audio, and time. 

The results of the analysis can be found in Table 21. Significant effects of video, audio, and the 

interaction of video and audio were found. For all conditions negative delta scores are 

measured. Normally, when stress decreases, HRV time increases, this indicates that an error 

occurred during the calculation of HRV time scores.  
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Table 20: The mean delta scores of HRV time 

      Mean SE 

Main effect video No video  -.005 .003 

  Video   -.014 .003 

Main effect audio No audio -.008 .004 

 Nature audio -.006 .004 

  Music   -.014 .004 

Main effect of time Minute 1 -.005 .004 

 Minute 2 -.008 .004 

 Minute 3 -.008 .004 

 Minute 4 -.009 .004 

 Minute 5 -.011 .004 

 Minute 6 -.012 .004 

  Minute 7   -.011 .004 

Main effect of session Session 1  -.009 .003 

  Session 2   -.010 .003 

Interaction effect video and audio No video No audio .005 .004 

  Nature audio -.007 .004 

   Music -.013 .004 

 Video No audio -.022 .004 

  Nature audio -.005 .004 

    Music -.014 .004 

 

Table 21: The results of the Linear Mixed Models analysis on HRV time 

    F P 

Main effect of Video (1, 530.9) = 47.87 .00 

 Audio (2, 538.5) = 9.10 .00 

 Time (6, 526.9) = 1.90 .08 

  Session (1, 527.4) = 1.71 .19 

Interaction effect of Video and audio (2, 557.7) = 13.98 .00 

 Time and video (6, 526.8) = .32 .93 

  Time and audio (12, 526.8) = .49 .92 

 

Heart Rate Variability in High Frequency domain 

Due to missing data, no analysis was performed on this variable. 

Heart Rate Variability in Low Frequency domain 

Linear Mixed Models explored the effect the delta scores of HRV in the low frequency 

domain (HRV LF). The main effects of video, audio, time, and session were included in the 

model, as well as the interaction effects between video, audio, and time. Table 22 shows the 

mean HRV LF delta scores for the main effect of video, audio, time, and session and for the 

interaction effect of video and audio. Figure 12 shows the means of the interaction effect of time 
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and video Figure 12 of time and audio. The results of the analysis can be found in Table 23. 

Significant effects of video, audio, and the interaction of video and audio were found. In the 

video condition a larger reduction in HRV LF was found compared to the no video condition. 

Pairwise comparisons of the audio conditions showed that personalized calming music and no 

audio caused significantly larger reduction in HRV LF scores compared to nature audio (for 

both: p < .05). The means of the interaction effect of video and audio are shown in figure 13. 

Pairwise comparisons of the interaction effect showed a significantly larger reduction in HRV 

LF in the no audio condition with video than without video (p < .05). Additionally, combined 

with the no video condition personalized calming music caused a larger reduction in HRV LF 

than no audio or nature video (both p < .05). When a video was presented, the no audio 

condition resulted in the largest HRV LF reduction compared to personalized music and nature 

audio (both p < .05). 

 

Table 22: The mean delta scores of HRV LF 

      Mean 1 SE 

Main effect video No video  -.27 .17 

  Video   -.55 .18 

Main effect audio No audio -.49 .18 

 Nature audio -.22 .18 

  Music   -.52 .19 

Main effect of time Minute 1 -.24 .19 

 Minute 2 -.22 .19 

 Minute 3 -.42 .19 

 Minute 4 -.44 .19 

 Minute 5 -.49 .19 

 Minute 6 -.58 .19 

  Minute 7   -.50 .19 

Main effect of sesión Session 1  -.35 .18 

  Session 2   -.47 .17 

Interaction effect video and audio No video No audio -.03 .22 

  Nature audio -.09 .21 

   Music -.69 .21 

 Video No audio -.96 .21 

  Nature audio -.35 .21 

    Music -.35 .23 
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Table 23: The results of the Linear Mixed Models analysis on HRV LF 

    F P 

Main effect of Video (1, 531.3) = 12.73 .00 

 Audio (2, 538.5) = 5.16 .01 

 Time (6, 519.4) = 1.89 .08 

  Session (1, 520.9) = 2.80 .10 

Interaction effect of Video and audio (2, 514.1) = 13.98 .00 

 Time and video (6, 519.4) = .40 .88 

  Time and audio (12, 519.4) = .80 .65 

 

 

 

Figure 12: The mean HRV LF delta scores of the video manipulation over time, +/- 1 standard error 

. 

 

 

Figure 13: The mean HRV LF delta scores of the audio manipulation over time, +/- 1 standard error. 

-1,00

-0,80

-0,60

-0,40

-0,20

0,00

0,20

0,40

0 1 2 3 4 5 6 7

H
R

V
 L

F
 (

H
z²

/s
) No video

No video, mean

Video

Video, mean

-1,20

-1,00

-0,80

-0,60

-0,40

-0,20

0,00

0,20

0,40

0 1 2 3 4 5 6 7

H
R

V
 L

F
 (

H
z²

/s

No audio

No audio, mean

Nature audio

Nature audio, mean

Music

Music, mean



THE EFFECT OF MUSIC, NATURE SOUNDS AND VISUALS ON INDUCED ANXIETY 

 
41 

 

 

Figure 14: The mean HRV LF delta scores of interaction of video and audio, +/- 1 standard error 

Overview of findings 

 
In Table 24 hypotheses are listed. Table 24 also lists whether the hypotheses were 

supported by the results of state anxiety, energy, valence, SCL, EMG, and HRV LF. It is 

assumed that an error occurred in calculating HRV time delta scores. For HRV HF data was 

missing, therefore analysis on this measure was not included in this study. Therefore, HRV time 

and HRV HF are not included in the table.  
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Table 24: Hypotheses and results 

    Hypothesis Anxiet

y 

Energy Valence SCL EMG HRV LF 

1   Video of nature scenery will have a 

stronger effect on anxiety reduction, 

energy and valence improvement, and 

SCL, EMG, and HRV LF decrease than no 

video. 

No dif No dif No dif Sig  No dif Sig 

2   Nature sounds will have a stronger effect 

on anxiety reduction, energy and valence 

improvement, and SCL, EMG, and HRV 

LF decrease than no audio. 

No dif No dif No dif Marginal 

opposite 

effect 

Sig 

opposite 

effect 

Sig 

opposite 

effect 

3 A The combination of nature video with 

nature sounds will cause a higher sense of 

presence than solely nature video or audio 

Other test,       

 B The combination of nature video with 

nature sounds will have a stronger effect 

anxiety reduction, energy and valence 

improvement, and SCL, EMG, and HRV 

LF decrease than solely nature video. 

No dif No dif No dif Marginal 

opposite 

effect 

No dif Sig 

opposite 

effect 

  C The combination of nature video with 

nature sounds will have a stronger effect 

anxiety reduction, energy and valence 

improvement, and SCL, EMG, and HRV 

LF decrease than solely nature audio. 

No dif No dif No dif No dif No dif No dif 

4   Personalized calming music will have a 

stronger effect anxiety reduction, energy 

and valence improvement, and SCL, EMG, 

and HRV LF decrease than no audio.  

No dif Sig Marginal Sig 

opposite 

effect 

Marginal 

opposite 

effect 

No dif 

5 A The combination of nature video with 

personalized calming music will have a 

stronger effect anxiety reduction, energy 

and valence improvement, and SCL, EMG, 

and HRV LF decrease than solely nature 

video. 

No dif No dif No dif Sig No dif Sig 

opposite 

effect 

  B The combination of nature video with 

personalized calming music will have a 

stronger effect anxiety reduction, energy 

and valence improvement, and SCL, EMG, 

and HRV LF decrease than solely 

personalized calming music. 

 

 

 

No dif No dif No dif Sig No dif No dif 
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6 A Liking, familiarity, and the positivity of 

associations of the video will influence the 

effect of video anxiety reduction, energy 

and valence improvement, and SCL, EMG, 

and HRV LF decrease. 

- - - - - - 

 B Liking, familiarity, and the positivity of 

associations of the audio will influence the 

effect of audio anxiety reduction, energy 

and valence improvement, and SCL, EMG, 

and HRV LF decrease. 

- - - - - - 

  C The presence of aspects of the attention 

restoration theory perceived in the natural 

stimuli will influence the effect of the 

nature stimuli anxiety reduction, energy 

and valence improvement, and SCL, EMG, 

and HRV LF decrease. 

- - - - - - 
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Discussion 

The aim of this research was to find environmental stimuli that reduce psychological 

and physiological anxiety reactions. Self reports on anxiety and two mood dimensions and 

physiological measures were used to determine the effect of video and audio stimuli presented 

to the participants after an anxiety induction. The physiological measures were skin 

conductance level (SCL), activity in the trapezius muscle group (EMG), and heart rate 

variability in the low frequency domain (HRV LF), all three measures are known as indicators 

of activity in the sympathetic nervous system. A video of natural scenery or no video as control 

condition, was combined with either nature audio, personalized calming music or no audio. 

Each participant experienced two out of the six combinations of video and audio.  

Anxiety induction 

First of all, inducing stress and anxiety in laboratory settings is a challenging task. 

Several researchers reported having difficulties inducing stress and anxiety (De Kort, Meijnders, 

Sponselee, & IJsselsteijn, 2006). In the current study, perceived anxiety was induced 

successfully with the Trier Social Stress Test. The induction was effective in causing negative 

valence as well. Furthermore, a strong increase in SCL and EMG was found, for both indicators 

of the sympathetic nervous system increases were measured. Originally, the Trier Social Stress 

Test was intended to compare groups in how they respond to stressful situations (Kirschbaum et 

al., 1997). The current study showed that the TSST protocol can be used to induce negative 

affective states, e.g. anxiety and negative valence, and physiological stress responses in 

laboratory settings for studies where recovery from stress is the area of interest.  

Nature visuals 

In line with the first hypothesis, watching a video of nature scenery was more effective 

in recovery from reducing SCL and HRV LF compared to when no video was presented, 

indicating a stronger decrease in anxiety. Generally, in studies concerning the stress reducing 

effect of nature images, nature visuals are compared with visuals of urban environments. 

Research indicates that when comparing nature stimuli to urban stimuli, nature stimuli are most 

effective in reducing psychological and bodily stress reactions. The comparison between nature 

stimuli and no stimuli has been made rarely. Hartig, Evans, Jamner, Deborah, Gärling, (2003) 

did study such a comparison. They found that diastolic blood pressure decreased in room with 

tree views, whereas an increase was measured in viewless rooms. The study of Hartig et al. 

(2003) measured different bodily responses and used different visuals than the current study. 

Nevertheless, it does indicate that physical stress responses decrease more with nature visuals 

compared to no stimuli, as does the current study.  
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In the current study, the subjective anxiety, energy, and valence measures showed no 

difference in restorativeness between the video and control condition. In studies comparing 

nature with urban visuals, generally strong differences are found in subjective measures for 

affect (e.g. Ulrich et al., 1991, Van den Berg et al., 2003), in that nature imaging allows for 

stronger increases in positive affect and decreases in negative affect than urban imaging. 

However, these studies do not compare nature or urban visual stimuli with neutral visual 

stimuli. Consequently, a separation of the effect of nature and urban visuals on stress recovery 

has rarely been made. Possibly urban stimuli have a strong negative effect on well being 

whereas nature stimuli might only have a moderately positive effect on well being. Suggested is 

that, studies comparing nature or urban stimuli with neutral stimuli can isolate their effects on 

well being and elucidate the restorative power of nature.  

 

To conclude, findings indicate that watching video of nature scenery facilitates 

reduction in bodily stress responses more than no video. Still, more studies should be conducted 

comparing the effect of nature stimuli to neutral stimuli to understand the effect of nature on 

wellbeing. 

Nature sounds  

 Nature sounds were expected to reduce physiological and psychological stress responses 

more than no audio. In addition, it was expected that nature audio would enlarge the stress 

reducing effect of nature visuals. Overall, nature sounds did not influence stress reduction as 

expected. Findings of the subjective and physiological measures suggest that nature sounds 

were less effective in stress reduction than no audio. In similarity to studies on nature visuals, 

nature sounds are more often compared to urban sounds or noise than to silence (e.g. Alvarsson 

et al., 2011; De Kort & IJsselsteijn, 2006). Compared to urban sounds and noise, nature sounds 

were more effective. That aside, an explanation of why nature sounds used in the current study 

did not have the expected effect is that this particular sound sample was not pleasant or 

restorative. Liking and perceived restorativeness were related to perceived anxiety, however, 

data was not sufficient to execute further analysis on this relation.  

 

Another explanation is that nature sounds are not restorative in general.  Diette et al. 

(2003) conducted an experiment with patients in a hospital. Their aim was to reduce state 

anxiety with the presence of photographs of nature scenery in the room accompanied with 

nature sounds, this was compared to a control condition where no stimuli were added to the 

patient room. Self reports on state anxiety were not affected by the manipulation. There are 

several differences between the study of Diette et al. (2003) and the current study, e.g. the 

setting, the addition of a photograph. Still, the study of Diette et al. (2003) and the current both 
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indicate that nature audio does not decrease perceived anxiety more than no audio. In addition, 

the current study showed that all physiological measures point in the direction that no audio 

facilitates recovery from physical stress responses more than nature audio.  

 

Thus, in the current study nature sounds were less effective in reducing subjective and 

physiological anxiety than silence. Possibly, the sound sample used in the current study is not 

restorative and/or nature sounds in general are less restorative than silence.   

Presence 

It was expected that the perceived presence in the presented nature environment would 

be enlarged when more senses (i.e., audio and visual) are involved in the experience (Lombard 

& Ditton, 1997). In the current study, this meant that nature visuals accompanied with nature 

sounds would enlarge the sense of presence compared to presenting the stimuli separately. 

Findings did not support this hypothesis. In retrospect, the nature sound may not have been 

properly matched to the nature video, although it was the sound that accompanied the video on 

the DVD. Additionally, as mentioned before the sound sample may not have been perceived as 

pleasant.  

Personalized calming music 

  Personalized calming music was expected to reduce physiological and psychological 

stress responses more than no audio. Perceived energy and valence were more positive after 

listening to personalized calming music than after the silent conditions. The measures for 

muscle tension and perceived anxiety were not affected by the manipulation. SCL and HRV LF 

showed a more complex pattern for the combinations of the video and audio stimuli, this will be 

discussed in the next section. First, we take a closer look at the subjective findings for 

personalized calming music.  

 

Perceived energy and valence were more positively influenced (i.e., higher valence and 

energy levels) by personalized calming music than by silence. The combination of higher levels 

of valence with higher levels of energy is found in more studies (e.g. Van der Zwaag & 

Westerink, submitted a; Wilhelm & Schoebi, 2007). Also, the positive influence of music on 

valence and energy is in line with other studies (e.g. Juslin & Sloboda, 2001; Van der Zwaag & 

Westerink, submitted a; Wheeler et al., 2011). The music of the study was selected based on the 

individual’s preference for music, because music according to one’s preference is assumed to 

elicit stronger affective reactions than music which is not specifically selected on that attribute 

(e.g. Blood & Zatorre, 2004, Kreutz et al., 2008; MacDonald et al., 2003). The current study 
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provides evidence that music close to one’s preferences is effective in inducing positive 

affective states. .  

Although the music was perceived as pleasant, no difference was found for perceived 

anxiety. Assumingly, the influence of personalized calming music on perceived anxiety can be 

distinguished from the influence of the silent conditions when the participant sample is larger, in 

the current study the participant sample is relatively small. The assumption is based on the 

relation between valence increases and anxiety reduction. This relation is evident for subjective 

responses in the study overall as well as specifically for personalized calming music. Since 

perceived valence is positively influenced by personalized calming music, a negative influence 

on perceived anxiety is expected. In addition, previous studies indicate the anxiety reducing 

effect of music (e.g. Bolwerk, 1990; Sandstrom & Russo, 2011; White, 1999). Thus, it is 

suggested that with a larger participant sample, the influence of personalized calming music on 

perceived anxiety will become apparent.  

 

In summary, when the main purpose of the music is to induce positive affective states, 

music close to one’s preferences can be effective. Furthermore, when the main purpose of the 

music is to reduce perceived anxiety, listening to personalized calming music is a promising 

method.  

Combinations of the auditory and visual stimuli 

In this study, there was a special interest in the anxiety reducing effect of the 

combinations of stimuli, i.e. personalized calming music and nature sounds whether or not 

combined with nature video, and the comparison of the combinations. Above is mentioned that 

for the combinations of nature sounds with and without video relatively small effects were 

found. Therefore combinations with nature sounds will not be addressed further. The subjective 

measures for anxiety, energy, and valence did not show differences between the combinations 

of auditory and visual stimuli. Nevertheless, for two physiological measures interesting findings 

occurred.  

 

For HRV LF, both main effects and an interaction between video and audio conditions 

resulted in quite a complex picture. In general, video produced better effects than did no video. 

In addition, silence and personalized music both performed better than the nature audio track. 

However, the interaction shows that the best effects were obtained when only video or only 

music was presented, not a combination of both. HRV LF is a measure related to mental effort 

(Berntson et al., 1997). These findings indicate that solely nature visuals and solely personalized 

calming music were most effective in reducing mental effort. 
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Another interaction occurs for the SCL, a measure of intensity or energy level of the 

affective state (Rickard, 2004; Van der Zwaag & Westerink, submitted b). For SCL, both silent 

conditions performed well on reducing SCL. The combination of personalized calming music 

with nature video allows for strong reduction in SCL as well, whereas personalized calming 

music presented without video is detrimental for the reduction in SCL. This is an interesting 

finding; it suggests that the combination of nature video and personalized calming music can be 

a powerful intervention method in reducing physical stress reactions. Possibly, the combination 

of the video with the music provides a strong distraction from the negative affective state. 

  

To conclude, when looking at HRV LF, solely personalized calming music or solely 

nature video are the preferred stimuli. The SCL results indicate that the combination of nature 

video with personalized calming music was most effective, followed by video alone, or no 

stimulus whatsoever; music alone was not effective in lowering SCL.  

Relation between subjective and physiological measures 

In this study a discrepancy was found between the physiological measures and the 

subjective measures. This is not uncommon. First of all, an individual’s interpretation of his or 

her physiological responses differs per person, which is affected by e.g. the stability of one’s 

autonomic regulatory system, emotional reactivity, and testing situation (Schachter, 1964).  

 

Secondly, although SCL, HRV LF, and EMG are indicators of the sympathetic nervous 

system activity, the nuance of each measure is slightly different. SCL is associated with energy 

levels of affective states (Rickard, 2004; Van der Zwaag & Westerink, submitted b). Activity in 

the trapezius muscle group can be seen as a physical preparation to fight or flight in a stressful 

situation, but is also increased in physical activity (Krantz et al., 2004). HRV LF increases are 

linked to mental effort (Berntson et al., 1997). The explanation of the physiological measures 

indicates why the measures differ among each other and why they cannot be linked to one of the 

specific subjective measures employed in this study.  

 

In sum, the discrepancy between subjective and physiological measures indicates that 

the measures are sensitive to different internal processes. Therefore is suggested that studies 

should incorporate both types of measurement to capture a comprehensive view on reducing 

anxiety. 

Limitations and further research 

Unfortunately, the evaluative measures for the auditory and visual stimuli were not 

measured completely. The variables could have provided insight into the mechanisms why the 
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stimuli influenced affective states or not. The main effects found in this study showed 

interesting findings, therefore the mechanisms involved in the process could assist finding 

optimal solutions. In further research it would be an important attribute to include the evaluative 

measures of the stimuli.  

 

Until now, studies have mainly focused on comparing nature stimuli to urban stimuli. In 

further research, the restorative effect of nature stimuli could be compared to neutral stimuli, 

that comparison will provide more insight in the effect of nature. In this study the assumption is 

made that the nature sound sample was not pleasant or restorative, it would be interesting to test 

different nature sound samples. More research in this area can clarify whether this was a 

plausible explanation. This could mean that the effect of nature sounds is not generalizable, that 

the stress reducing effect of nature audio is sensitive to what particular sample is used.  

 

The combinations of nature video with different kinds of audio samples provided 

interesting results in this study. Future research exploring these interactions can provide more 

knowledge in this area which can result in appropriate solutions. 

Conclusion 

This study investigated the effect of auditory and visual stimuli on psychological and 

physiological indicators of anxiety after an anxiety induction. Anxiety was successfully induced 

using the Trier Social Stress Test. A discrepancy between subjective and physiological 

measures indicates that the measures are sensitive to different internal processes. Therefore is 

suggested that studies should incorporate both types of measures to capture a comprehensive 

view on reducing anxiety. This study provides evidence that nature visuals decrease physical 

stress reactions. Nature sounds were less effective in influencing affective states, either because 

this sound was not restorative or nature sounds in general are not restorative. The personalized 

music used in this study had a positive influence on perceived energy and valence, and showed 

promising results for reducing anxiety. Interesting interaction effects were found for the 

combinations of audio and video stimuli, it is suggested to explore these findings further.  

 

To conclude, in hospital settings nature visuals without sounds can be applied to reduce 

physiological anxiety. Since mixed results were found for music, more research is required 

before using music in this context. However, personalized music can be used to increase 

perceived valence.  
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