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Abstract 

Key words: stress, music, transepidermal water loss, skin barrier recovery, musicality, musi-

cal sophistication 

 

Objectives 

The negative effects of stress on various health outcomes are well known. One of these out-

comes is the skin barrier recovery (SBR), a wound healing process. Music had stress-reducing 

effects in a multitude of studies. Hence, it was assumed that music has a positive effect on SBR 

via a stress-reducing pathway. However, the effects of music on stress can vary depending on, 

e.g., personality traits or musical experience. In this study, musicality was introduced as one of 

these possible influencing factors. The objective of this study was to investigate the relationship 

between music, stress and SBR, as well as the role of musicality in this context. 

Method 

Seven female participants were randomized into a music group or a silent control group. After 

a baseline phase of 30 minutes, participants completed the Trier Social Stress Test (TSST). 

After the TSST, participants went through a simple tape-stripping procedure. Then, the music 

group listened to music while the control group sat in silence for 30 minutes. Subjective stress 

was measured with a visual analogue scale. SBR was calculated using transepidermal water 

loss values. Musicality was measured with the German version of the Goldsmiths Musical So-

phistication Index (Gold-MSI). Single case analyses were performed with three participants.  

Results 

No differences could be found between the music group and the silent control group regarding 

subjective stress and SBR. However, differences in SBR between one high and one low-scoring 

participant in the Gold-MSI were observed. 

Conclusions 

This study presents preliminary evidence for the influence of musicality on the relationship 

between music and SBR—investigating a novel pathway of the deleterious effects of stress on 

health with music as a potential buffering mechanism, at least for some populations. 
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Zusammenfassung 

Schlüsselbegriffe: Stress, Musik, transepidermaler Wasserverlust, Regeneration der Hautbar-

riere, Musikalität, musical sophistication, musikalische Erfahrenheit 

 

Ziele 

Die negativen Effekte von Stress auf verschiedene Aspekte der Gesundheit sind wohl bekannt. 

Einer dieser Aspekte ist die Regeneration der Hautbarriere (RHB), ein Wundheilungsprozess. 

Musik zeigte stressreduzierende Effekte in einer Vielzahl an Studien. Daher wurde angenom-

men, dass Musik über einen stressreduzierenden Pfad positive Effekte auf die RHB haben 

würde. Die Effekte von Musik auf Stress können jedoch variieren, beispielsweise in Abhängig-

keit von Persönlichkeitsfaktoren oder Erfahrenheit mit Musik. In dieser Studie wurde Musika-

lität als möglicher Einflussfaktor untersucht. Ziel dieser Studie war es, den Zusammenhang 

zwischen Musik, Stress und der RHB sowie der Rolle von Musikalität in diesem Kontext zu 

erforschen. 

Methode 

Sieben Teilnehmerinnen wurden einer Musikgruppe oder einer Stille-Kontrollgruppe randomi-

siert zugewiesen. Nach einer halbstündigen Baseline-Phase absolvierten die Teilnehmerinnen 

den Trier Social Stress Test (TSST). Anschließend wurde ein einfaches Klebestreifen-Abriss-

Verfahren durchgeführt. Danach hörte die Musikgruppe 30 Minuten lang Musik, die Kontroll-

gruppe wartete für 30 Minuten in Stille. Subjektiver Stress wurde mit einer visuellen Ana-

logskala gemessen. Die RHB wurde Anhand von Werten in transepidermalem Wasserverlust 

errechnet. Musikalität wurde mit der deutschen Version des Goldsmiths Musical Sophistication 

Index (Gold-MSI) erfasst. Einzelfallanalysen wurden an drei Teilnehmerinnen durchgeführt. 

Ergebnisse 

Es wurden keine Unterschiede in Bezug auf subjektiven Stress und RHB zwischen der Musik- 

und der Stille-Gruppe gefunden. Jedoch konnten Unterschiede in RHB zwischen einer Person, 

die hohe und einer Person, die niedrige Werte im Gold-MSI erreicht hatte, gefunden werden. 

Konklusionen 

Diese Studie liefert vorläufige Beweise für einen Einfluss von Musikalität auf den Zusammen-

hang zwischen Musik und RHB und untersuchte somit einen neuen Pfad, über den Stress schäd-

liche Auswirkungen auf die Gesundheit ausübt, mit Musik als potenziellem Puffermechanismus 

– zumindest für manche Bevölkerungsgruppen. 
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Introduction 

In the past decades, the research interest in stress and its relationship to various param-

eters like health and wellbeing has been growing. Stress is a major risk factor not only for 

mental disorders, but for several physical conditions as well. Depression and anxiety disorders 

often develop after stressful life events and cardiovascular disease can be caused by chronic 

stress (Schneiderman, Ironson, & Siegel, 2005). The impact of stress on health has been studied 

in various ways in the past decades and different health outcomes have been investigated. 

Amongst them, skin barrier recovery has gained more attention in scientific research because 

of growing understanding of the relationship between stress and skin conditions. Skin barrier 

recovery, which is the regeneration of the upper layer of the skin after impairment, has been 

used as a measure for the impact of stress on health in a full body of research and a negative 

relationship has been reported in several studies (e.g., Altemus, Rao, Dhabhar, Ding, & Gran-

stein, 2001; Fukuda, Baba, & Akasaka, 2015; Garg et al., 2001; Muizzuddin, Matsui, Marenus, 

& Maes, 2003; Robles, 2007). Music, however, has been established as a therapy method for 

mental and physical conditions, as positive, i.e., calming effects of music on stress levels could 

be found. In a meta-analysis, Pelletier (2004) concludes that “music assisted relaxation tech-

niques effectively decrease stress and arousal in medical, university, and occupational settings” 

(p.210). The present study aims to combine the calming effects of music on stress and the neg-

ative effects of stress on skin barrier recovery, assuming that music will show a positive effect 

on skin barrier recovery. However, Pelletier’s meta-analysis (2004) revealed that the effects of 

music on stress depend on several factors, like age, gender or type of music. Another influential 

factor is musicality. Pelletier (2004) found that individuals with musical experience benefit 

more from music assisted relaxation techniques than non-musical individuals. Thus, it is ex-

pected that in this study highly musical individuals will profit more from a music listening 

session after skin disruption and show better subjective stress and skin barrier recovery than 

less musical individuals.  

 

Theoretical Background 

Stress and stress theories. 

Despite its great impact, the term stress can be defined in various ways. In everyday 

language, we use it to describe an emotional or physical state as well as a situation. As the 

importance of stress not only grew in everyday life but in the scientific context as well, various 

definitions and theories of stress have been established which can be clustered in three groups 

(Knoll, Scholz, & Rieckmann, 2013). One group of theories defines stress as a specific 
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physiological response pattern. In this biologically and physiologically oriented group of theo-

ries, the type of stressor that causes the bodily reaction plays a minor role than the reaction 

itself. One famous representative of this group is Hans Selye, who defined stress as “the non-

specific response of the body to any demand made upon it” (Selye, 1976, p.137) and claimed 

that these responses are caused and driven by cortisol, a biological stress marker (Knoll et al., 

2013). He was the first to describe the hypothalamic-pituitary-adrenal axis (HPA axis), one of 

the two major bodily systems responsible for the stress reaction, which will be described in 

more detail below.  

Another famous researcher who examined bodily reactions to stressors was Walter 

Bradford Cannon. He formulated the concept of the fight-or-flight response. This concept de-

scribes the animal reactions to threat, which can either result in an attack of the source of the 

threat or in a flight from the source. These reactions are driven by the second major bodily 

stress system, the sympathetic nervous system, which causes the release of the hormones epi-

nephrine and norepinephrine from the adrenal medulla. These two systems act together to pro-

vide the body with the necessary energy to deal with a stressor (Schneiderman et al., 2005). The 

fight-or-flight concept was later expanded by Barlow (2002) by a third reaction, the freeze re-

action, which describes the abrupt inhibition of motor and vocal activity that may take place 

when both fight and flight are unlikely to be effective in a given situation (Schmidt, Richey, 

Zvolensky, & Maner, 2008). According to Schmidt et al. (2008), the freeze response, which 

can often be observed in animals (e.g., when movement may provoke attacks by an enemy) is 

not very likely to occur in humans, with important exceptions found in the PTSD (posttraumatic 

stress disorder)/ rape literature, where victims report inability to move during the assault. 

In the second group of stress theories, stress is defined as the stimulus which leads to a 

certain reaction (Knoll et al., 2013). In contrast to the first group of theories, the focus is on the 

types of stressors rather than on the bodily response patterns. One famous theory of this group 

is called critical life events by Holmes and Rahe (1967). They claim that the extent of change 

caused by an event, be it positive or negative, is responsible for the amount of stressful emo-

tional reactions caused by the event. Kanner, Coyne, Schaefer, and Lazarus (1981) focused less 

on life changing events rather than on everyday stressors and formulated their ideas in their 

theory of daily hassles, which they deemed responsible for perceived stress levels. 

Theories of the third group claim that stress consists of the interaction between a situa-

tion and the person involved. One of the most influential theories in stress research that belongs 

to the last group is the transactional stress model, described by Richard S. Lazarus. Lazarus 

claims that stress results from the relationship between situations and individuals and is highly 
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dependent on their respective properties (Lazarus & Folkman, 1984). According to this cogni-

tive theory, an individual’s appraisal of a given situation is crucial for the definition of the 

situation as a stressor. This assessment process can be separated in primary and secondary ap-

praisal, which—according to the authors—do not necessarily run successively, as the name 

would imply, but rather in parallel. Primary appraisal describes the process in which a person 

evaluates whether a situation is a threat or not. In more detail, the authors claim that there are 

three kinds of primary appraisal of a given encounter or stimulus, namely 1) irrelevant, when 

the encounter has no impact on a person’s well-being, 2) benign-positive, when the situation or 

stimulus comes along with or promises positive consequences, or 3) stressful, if a situation or 

stimulus carries (or is expected to carry) harm/loss, threat, or challenge. These three aspects 

differ from each other concerning when they take place and the emotions they inhere. Harm/ 

loss concerns happenings that have already taken place and that a person now has to cope with. 

Threat refers to harms or losses that are expected to take place. Challenges are future encounters 

as well, but they differ from threats insofar as that they not only bring negative but positive 

emotions, as well, like excitement or eagerness. Importantly, as threats and challenges refer to 

future situations, they permit anticipatory coping. Lazarus and Folkman (1984) define coping 

as the process of handling demanding situations or encounters. Anticipatory coping means that, 

to some extent, plans and arrangements can be made, and difficulties can be tackled beforehand.  

Therefore, the individual needs to assess whether it possesses the necessary resources 

to cope with the situation, which is called secondary appraisal. In this evaluative process, indi-

viduals seek out possible coping options and their likelihood to help achieving the desired goal, 

as well as the likelihood that the individual is able to apply coping strategies effectively.  

The interaction between primary appraisal of what is at stake and secondary appraisal 

of possible coping strategies constitutes the strength of the stress response. This interaction can 

get quite complex, but broken down into very simplified words it can be said that the higher the 

threat and the poorer the available coping resources, the higher the stress reaction, and vice 

versa. 

These evaluation processes also depend on the individual’s personality traits. In a very 

interesting paper on the relationship between personality and stress, Vollrath (2001) gives an 

overview of studies that examined the relationship between these two concepts on the basis of 

Lazarus’ transactional stress theory, the Big Five personality factors (openness, conscientious-

ness, extraversion, agreeableness, neuroticism) and other personality traits. The author aims to 

demonstrate that the stress process is influenced by personality in every aspect, like selection 

and shaping of stress situations, primary and secondary appraisal, and coping. In her 
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explanations of the effect of personality on appraisal, Vollrath (2001) detects that in this context 

primary appraisal has been more studied than secondary appraisal. However, evidence for a 

significant influence of various traits can be found for both. Neuroticism, for example, influ-

ences primary as well as secondary appraisal negatively, whereas extraversion interacts posi-

tively with the evaluation of stressful situations or threats. 

In addition to the presented theories there is one important concept which must not be 

left out in the discussion about stress theories: the concept of allostasis and allostatic load. Bruce 

McEwen (1998) describes allostasis, which was first introduced by Sterling and Eyer (1988), 

as “physiological responses of the autonomic nervous system, HPA axis, cardiovascular, met-

abolic and immune systems” in response to perceived or real threats and challenges to an or-

ganism’s safety and homeostasis, which “lead to protection and adaptation of the organism to 

these challenges” (McEwen, 1998, p. 37). It should be mentioned, at this point, that it is not 

possible to fully distinguish the two terms homeostasis and allostasis. Allostasis, on the one 

hand, is “an essential component of maintaining homeostasis” (p. 37), which, on the other hand, 

comprises all processes undertaken by an individual to maintain its inner, physiological equi-

librium. According to McEwen, those protective an adaptational processes referred to as allo-

stasis have their price for the organism. To describe missing as well as excessive responses of 

the involved systems in their reaction to threat, McEwen introduced the term allostatic load 

and defines it as “the wear and tear on the body and brain resulting from chronic overactivity 

or inactivity of physiological systems that are normally involved in adaptation to environmental 

challenge” (p. 37). 

This definition shows that McEwen’s concept of allostatic load refers to long-term 

stressors rather than to acute stress responses. In stress research and the conceptualization of 

stress, a distinction between acute and chronic/ long-term responses to stress can be made. In 

the study presented in this master’s thesis, the focus is on the acute stress response. The physi-

ological and biological processes involved in this response will be described in the following 

section, with special attention to the hypothalamic-pituitary-adrenal axis. 

 

The acute stress response: the hypothalamic-pituitary-adrenal axis. 

When a human organism is faced with a stressor, it shows an adaptive complex pattern 

of reactions known as the stress response. It comprises endocrine, nervous and behavioral as 

well as immune systems (Joseph & Whirledge, 2017). From an evolutionary point of view, this 

response is crucial for the survival of an individual as it provides all the cognitive and metabolic 

resources necessary to respond to a threat. The primary mediator of the stress response is the 
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hypothalamic-pituitary-adrenal (HPA) axis. In a chain reaction, the hypothalamus, the pituitary 

gland and the adrenal glands act together to govern the cardiovascular and metabolic system, 

functions of the immune system, behavioral responses and reproduction. If the organism rec-

ognizes an event as stressor, the paraventricular nucleus (PVN), a set of neurons in the hypo-

thalamus, is triggered to release corticotropin-releasing hormone (CRH) and arginine vasopres-

sin (AVP). These neurotransmitters stimulate the anterior pituitary gland, located below the 

hypothalamus, to produce and secrete adrenocorticotropic hormone (ACTH). Via blood circu-

lation, ACTH travels to the adrenal glands and stimulates the adrenal cortex to synthesize and 

release cortisol, amongst other products. Cortisol, a well-studied stress hormone that belongs 

to the group of glucocorticoids, is released into the blood circulation, starting a negative feed-

back loop: High levels of cortisol in the blood circulation inhibit further production of CRH 

and, consequently, ACTH, which regulates the HPA axis from acute activation back to its orig-

inal physiological state. 

Besides the activation of the HPA axis in response to a stressor, which usually takes 20 

to 30 minutes after identification of the stressor (Rousset & Halioua, 2018), a second pathway 

gets activated already within seconds: the sympathomedullary pathway. It leads to the secretion 

of adrenaline and noradrenaline (also known as epinephrine and norepinephrine) in the adrenal 

medulla and is responsible for the fight-flight-freeze-reaction described above. 

In this study, cortisol was measured because of various reasons and advantages. Corti-

sol, as an objective measure of the stress response, can be measured in saliva and blood to assess 

momentary reactions, or in hair to assess long-term stress responses. Salivary cortisol is easily 

measurable as it can be assessed non-invasively with the use of saliva samples. Despite clear 

instructions on how to get the samples and how to handle them properly, no medical training is 

necessary. Therefore, and because this study aims for insights in acute stress responses instead 

of long-term reactions, saliva cortisol was measured. 

Moreover, cortisol is especially interesting in the context of this study because of its 

interference with the recovery of the skin barrier after impairment, which will be described in 

detail below, as skin barrier recovery is the main component of this research project. 

 

The relationship between stress and health. 

Based on the stress theories described above, a whole body of research has dealt with 

the relationship between stress and health. Although the stress response is, per se, useful and 

crucial for the survival of an organism, it can also impact health when it is inappropriate (i.e., 

inadequate, excessive and/ or prolonged). Research of the past decades has already tried to 
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unravel the complex interactions between stress, health and the immune system, a central mech-

anism involved in regulating our health. Although the underlying functioning is highly com-

plex, more and more knowledge could be accumulated in the last decades about the impact of 

psychological stress on various health outcomes. 

It can be concluded, for example, that under acute stress, the immune system increases 

its functions, whereas under chronic stress immune functions are supressed (Nater, Ditzen, & 

Ehlert, 2011). In a very extensive review on stress-induced immune dysfunctions, Glaser and 

Kiecolt-Glaser (2005) aggregated and summarized results from the field of psychoneuroim-

munology. The authors report that a) psychological stressors can lead to a reactivation of latent 

herpesviruses, b) stress can trigger inflammatory responses which can increase the risk for can-

cer, c) psychological stress can compromise the efficacy of specific vaccinations, d) early 

stressors can have a long-term impact on the development of endocrine and immune systems, 

and e) wound healing can be impaired by stress and anxiety. Glaser and Kiecolt-Glaser (2005) 

summarize their findings as follows: “Together, these studies support the hypothesis that mor-

bidity can be directly linked to stress-induced immune dysregulation” (p. 249). 

Furthermore, individuals who show relatively high reactions to stressors are at higher 

risk for cardiovascular disease. According to Lovallo (2015), “[…] it is increasingly recognized 

that persons who have larger than normal responses to psychological stress are at increased risk 

of cardiovascular disease and premature death, and a similar picture is emerging in relation to 

immune system function” (Lovallo, 2015, p.250). In their review, Steptoe and Kivimäki (2012) 

support this view, concluding that stress might contribute to the risk of cardiovascular disease 

not only by triggering acute cardiac events but also in the long-term, for example by increasing 

the risk for the development of atherosclerosis. 

In their review on the relationship between stress, depression, the immune system and 

cancer, Reiche, Nunes, and Morimoto (2004) report that stress and depression can lead to im-

pairment of the immune system which consequently contributes to the initiation and progres-

sion of at least some types of cancer. In an older study by Kiecolt-Glaser, Marucha, Mercado, 

Malarkey, and Glaser (1995), the effects of stress on wound healing were studied. The sample 

consisted of caregivers of patients with Alzheimer’s disease, as this group is assumed to expe-

rience psychological stress for a longer period of time. In fact, Kiecolt-Glaser et al. (1995) 

reported longer wound healing processes in caregivers than in the control group. 

There is also evidence that stress is associated with several skin diseases. This relation-

ship is well-studied for psoriasis. Rousset and Halioua (2018) published a review of the litera-

ture on this topic with a final sample of 133 articles and found that in 31–88 % of the reviewed 
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cases, psoriasis patients report that stress acts as a trigger of their disease. Concerning the inci-

dence of the illness, the authors claim that stress may trigger psoriasis in predisposed individu-

als. In line with those findings, Stewart, Tong, and Whitfeld (2018) draw a similar deduction in 

their review on the associations between psychological stress and psoriasis. The authors in-

cluded a much smaller amount of studies in their review (n = 12), nevertheless they found “a 

probable temporal association between different measures of psychological stress and onset, 

recurrence and severity of psoriasis” (p. 1281). In their conclusion, Rousset and Halioua (2018) 

describe that skin, endocrine, nervous, and immune systems act together in a large multidirec-

tional complex and emphasize the importance of their interplay.  

Taken together, the effects of stress on health can be tremendous and should be studied 

thoroughly to broaden our knowledge on how exactly stress damages health and how we can 

intervene and prevent negative health outcomes. The study presented in this master’s thesis 

shall contribute to the understanding of this complex by studying the relationship between 

stress, endocrine processes, psychological aspects and an important immune function: the re-

covery of the skin barrier. 

 

Human skin, skin barrier and skin barrier recovery. 

The skin consists of two main layers, which are the dermis (inner layer) and the epider-

mis (outer layer). Beneath these two layers, the hypodermis or subcutaneous tissue is located. 

The epidermis is composed of four sublayers: the stratum basale (inner layer), stratum spi-

nosum, stratum granulosum, and the stratum corneum (the outermost layer; Losquadro, 2017). 

The stratum corneum is the main (physical) component of the skin barrier which acts as a barrier 

between underlying tissue and the environment. It prevents dehydration or infection of the skin 

and protects skin tissue from chemicals or mechanical stress (Proksch, Brandner, & Jensen, 

2008). 

Consequently, damage of the skin influences the integrity of the protective functions of 

the skin barrier. In healthy skin, the immune system immediately works on the regeneration of 

the affected skin area. This process is called the skin barrier recovery (Alexander, Brown, 

Danby, & Flohr, 2018). Skin barrier recovery can be assessed using the measurement of trans-

epidermal water loss (TEWL), which is “the most widely used objective measurement for as-

sessing the barrier function of the skin” (p. 2296). As already mentioned above, the stratum 

corneum (SC), which is a central contributor to the properties and function of the skin barrier, 

protects the skin from dehydration, doing so by preventing the evaporation of too large amounts 

of water through the skin. Diffusion of water through the SC is normal and happens, to some 
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degree, in healthy skin. However, in some skin diseases or if healthy skin gets damaged, TEWL 

is increased, which means that unusually large amounts of water get lost through the skin. The 

exact amount of vaporizing water can be measured with a probe placed on a fixed area of the 

skin surface, and it is measured in units of grams of water per hour per square meter (g/h/m2). 

Measurement of TEWL has gained more attention in psychological research to assess 

relationships between health and various psychological parameters, like, for example, stress. 

 

The relationship between stress and skin barrier recovery. 

Several psychological stressors have been found to impair skin barrier recovery. In their 

study, Altemus et al. (2001) investigated the effects of three different stressors on various der-

matologic measures. In detail, the impact of psychologic interview stress, sleep deprivation and 

physical exercise on transepidermal water loss, skin barrier recovery and skin conductance were 

measured in women in combination with measurements of stress hormones and immunological 

parameters. In the context of the relationship between skin barrier recovery, stress and stress 

hormones, the major findings of this study were that interview stress as well as sleep deprivation 

stress had a negative impact on the recovery of the skin barrier, whereas physical exercise did 

not. Changes in stress hormone levels have only been found for psychological interview stress. 

In two different studies, one by Fukuda et al. (2015), the other by Garg et al. (2001), 

university stress was found to have negative effects on skin barrier recovery. Fukuda et al. 

(2015) compared 16 female students during three different time periods: two periods that were 

considered especially stressful (during final examinations and after returning from long vaca-

tions), and a third, less stressful period which served as control. The researchers found a dete-

rioration in skin barrier recovery in both elevated-stress groups. In a very similar study with 

comparable results, Garg et al. (2001) reported that “the greatest deterioration in barrier func-

tion occurred in those subjects who demonstrated the largest increases in perceived psycholog-

ical stress” (p. 54). 

Stress caused by divorce had negative effects on skin barrier recovery in healthy women 

in a study by Muizzuddin et al. (2003). In this study, women suffering from psychological stress 

because of marital disruption were compared to a control group of women who perceived them-

selves as happy. Muizzuddin et al. (2003) found strong correlations between skin barrier recov-

ery and perceived stress three hours (r = 0.64) and 24 hours (r = 0.74) after tape stripping. The 

skin barrier recovered faster in the happy control group.  

Robles (2007) could replicate the findings that psychological stress acts negatively on 

skin barrier recovery for acute stress. In his study, he used the Trier Social Stress Test (TSST; 
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Kirschbaum, Pirke, & Hellhammer, 1993), a validated and commonly used laboratory stressor 

which will be discussed in more detail in the methods section of this thesis, to induce acute 

psychological stress and found that those participants who underwent this test displayed de-

layed recovery of the skin barrier. 

These findings raise the question which mechanisms are responsible for the negative 

impact of stress on skin barrier recovery. Dermatological research already tackled this issue. 

Interestingly, it could be found that the effects can be explained by the negative impact of cor-

tisol on the synthesis of lipids that are indispensable for stratum corneum regeneration (Choi et 

al., 2005; Orion & Wolf, 2012). In more detail, the negative effect of cortisol on lipid synthesis 

leads to decreased production of lamellar bodies and corneodesmosomes which are, in turn, 

crucial for skin barrier recovery. 

 In sum, it can be stated that psychological stress can impair several health outcomes, 

among them the recovery of the skin barrier after damage. This knowledge raises the question 

how those negative effects can be prevented, which interventions are effective in stress reduc-

tion and, moreover, if these interventions can be used to support health functions. Robinson et 

al. (2017), for example, already found a positive influence of social closeness on skin barrier 

recovery after tape stripping, which was moderated by the reduction of self-reported stress. 

Relaxation techniques have been shown to have beneficial effects on skin barrier recovery after 

impairment, as well, as reported by Robinson, Jarrett, and Broadbent (2015). To tackle this 

issue more thoroughly, literature on the relationship between stress and music, a potentially 

stress reducing factor, will be revised in the following section. Additionally, the concept of 

musicality will be discussed. Based on those insights, the research project conducted in the 

context of this master’s thesis will be presented. 

 

The relationship between stress and music. 

A large body of work on the effects of music on stress has indicated that music can 

reduce subjective and physiological indices of stress, like blood pressure (Chafin, Roy, Gerin, 

& Christenfeld, 2004), heart rate (Knight & Rickard, 2001), salivary cortisol (Khalfa, Bella, 

Roy, Peretz, & Lupien, 2003), plasma cortisol (Ventura, Gomes, & Carreira, 2012), state anxi-

ety (Knight & Rickard, 2001; Ventura et al., 2012), or subjective stress (Lai & Li, 2011; Chang, 

Yu, Chen, & Chen, 2015). 

In their study, Knight and Rickard (2001) let their participants give an oral presentation 

about a difficult topic. In the experimental condition, participants listened to relaxing music 

nearly for the whole procedure (from after baseline measurement until debriefing). The control 
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condition did not listen to music. The dependent variables in this study were systolic and dias-

tolic blood pressure, salivary cortisol and immunoglobulin A (IgA), subjective anxiety and 

heart rate. A significant increase due to the stressor was found for systolic blood pressure, sub-

jective anxiety and heart rate. Remarkably, those effects did not occur in the music condition. 

Hence, music was able to prevent some negative physiological and subjective effects of stress. 

In a similar study, Khalfa et al. (2003) had their participants perform the TSST. Salivary 

cortisol levels were measured at several time points before the TSST (baseline) and afterwards 

(recovery). In the experimental group music was played during the recovery phase while the 

control group sat in silence. Khalfa et al. (2003) found a quicker decrease in salivary cortisol in 

those individuals who listened to music after completion of the stress task than in those who 

did not listen to music. More precisely, cortisol levels were still increasing in the control group 

at the beginning of the recovery phase but decreasing immediately in the experimental group. 

Ventura et al. (2012) examined plasma cortisol levels and state anxiety values in women 

undergoing amniocentesis. Participants were randomly assigned to one of three groups: listen-

ing to relaxing music, sitting and reading magazines or sitting in the waiting room, each for 30 

minutes before examination. Cortisol and state anxiety were measured before and after amnio-

centesis. The results showed the greatest decrease in both plasma cortisol and state anxiety in 

the music condition. 

Chang et al. (2015) investigated the effects of a music intervention on several stress 

outcomes in pregnant women and found significantly lower levels of psychosocial stress post-

intervention in the experimental group that received routine prenatal care with music than in 

the control group that received routine prenatal care without music. Lai and Li (2011) were 

interested in the effects of self-selected soothing music versus silence on stress-related out-

comes (self-perceived stress, heart rate, blood pressure, finger temperature and blood cortisol) 

in nurses. This population was selected by the authors as they assumed nursing a highly stressful 

profession. Self-perceived stress was measured using a 0–10 cm visual analogue scale (VAS) 

and was found to be significantly lower after music than after the control condition.  

Mahdipour and Nemotollahi (2012) also found a significant decrease in stress as well 

as anxiety and depression scores in heart surgery patients who listened to thirty minutes of 

music with natural sound effects like bird chirping or sea sounds. In this study, similar results 

were found for the group who visited an intensive care unit programme, but not for those who 

only received usual treatment. 

Labbé, Schmidt, Babin, and Pharr (2007) examined the effects of music on stress in 

more detail, taking into account different types of music. When comparing four different 
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conditions (classical music, self-selected relaxing music, heavy metal music and silence) with 

regard to the effects of music on participants’ emotional state after a stressful task, the research-

ers found that classical and self-selected relaxing music significantly enhance feelings of relax-

ation and reduce state anxiety. Silence only had positive effects on feelings of relaxation but 

did not reduce state anxiety, and heavy metal did not enhance relaxation, but even increased 

state anxiety. These results suggest that music can enhance relaxation and decrease state anxi-

ety, two constructs that are both closely related to stress. Moreover, the relevance of the type 

of the selected music could be shown, as only slow to moderate tempo music as well as self-

selected music which participants found relaxing had significant effects on relaxation and state 

anxiety. 

Some meta-analyses investigated results of a multitude of studies about the dampening 

effects of music on various stress parameters. Fancourt, Ockelford, and Belai (2014) put to-

gether the results of 63 studies in total and investigated their outcomes for several parameters, 

including psychological, physiological and endocrinological responses. Of 25 studies that used 

psychological tests, 22 “achieved statistical significance and found that psychological results 

aligned with results from biomarkers”. Similarly promising results were found for physiological 

markers: 16 out of 20 studies reported decreases in blood pressure, heart rate and respiratory 

rate. The results for cortisol level changes are convincing as well. A majority of the studies that 

investigated changes in cortisol levels found a reduction in cortisol levels due to music. In two 

studies that reported opposite results, there was still a smaller increase of cortisol in the music 

group than in the control group. 

It must be emphasized that the stress reducing effects in most cases only occurred when 

relaxing, low tempo music was used. Fancourt et al. (2014) also investigated research for stim-

ulating music but only found mixed results. 

An earlier meta-analytic review by Pelletier (2004) investigated research articles that 

used music to decrease arousal due to stress and found a significant decrease in arousal because 

of music as well as music assisted relaxation techniques. The author noted that “the amount of 

stress reduction was significantly different when considering age, type of stress, music assisted 

relaxation technique, musical preference, previous music experience, and type of intervention” 

(p.192). 

De Witte, Spruit, van Hooren, Moonen, and Stams (2019) performed a systematic re-

view and two meta-analyses with 104 randomized controlled trials on the effects of music in-

terventions on stress-related outcomes. Based on their analysis the authors concluded that music 
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interventions have the potential to decrease psychological as well as physiological stress out-

comes.  

In another meta-analysis, Chanda and Levitin (2013) report studies that inspected pos-

sible links between personality traits and music induced changes to stress parameters and state 

that “underlying personality dimensions are factors that mediate physiological stress responses 

to music. This is consistent with an emerging literature which suggests that individual differ-

ences in personality and cognitive traits influence psychological and physiological responses to 

different types of music” (p.185). 

According to the presented literature, it can be summarized that relaxing, low tempo 

music generally shows stress reducing effects with respect to several psychological and physi-

ological stress outcomes, and that these effects depend on various variables like type of stress, 

personality traits, music preference or experience with music. 

A construct which is strongly related to experience with music is the concept of musi-

cality, which will play a major role in this study and will therefore be discussed in more detail 

in the following section. 

 

Musicality. 

Despite the broad use of the term in everyday language as well as in literature, over two 

centuries of research (Gembris, 1997) on that topic still have not brought about one precise 

definition of musicality. The reasons for that are diverse and can be located in historical and 

cultural circumstances and methodological considerations.  

The approaches taken to measure musicality have changed in the last 200 years. Gem-

bris (1997) distinguishes three different phases of the investigation of musicality: the phenom-

enological approach (1800–1910/1920), the psychometric approach (from the 1920s until the 

1990s), and the musical meaning approach (emerging in the 1980s). The beginning of the first 

phase, which aimed to “develop a global description and phenomenology of musical abilities” 

(p.19) can be dated back to a treatise published already in 1805 by Christian Friedrich Michaelis 

(Michaelis, 1805). His work seems to be the first attempt to describe musical abilities that con-

stitute musical talent. Notably, although he took into account various activities like musical 

memory, enjoyment of music, accuracy of reproducing melodies or musical expressiveness in 

singing and performance, the two abilities he considered most important were musical discrim-

ination skills and taste. Seemingly, back then it was reasonable and possible to claim that some 

kinds of taste are better than others, and to connect taste with talent - a notion which is not 

found to be true anymore nowadays.  
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90 years later, in 1895, another work on musicality has been published, namely the book 

Wer ist musikalisch? (Who is musical?) by Theodor Billroth (Billroth, 1895). He based his 

definition of musicality on a statement of the Viennese music critic and theorist Eduard 

Hanslick, who defined music as tonally moving forms (Gembris, 1997). Accordingly, musical-

ity was the ability to perceive those forms. 

These examples show how the definition of musicality can change over time according 

to the “understanding of music and musical aesthetics” (Gembris, 1997, p.19). However, they 

had been published before systematic research tools to test for musicality have been established, 

which changed with the development of psychology and its empirical scientific methods. Those 

new possibilities set stage for the second phase which Gembris (1997) called psychometric ap-

proaches. The aim of research conducted in this phase was to find an objective definition of 

musicality which was supposed to be unrelated to aesthetic norms, and to develop adequate 

psychometric musicality tests. Despite the efforts, those tests often only measured a restricted 

set of musical abilities and therefore lacked validity. Another problem of those tests was that 

they often focused more on cognitive than on emotional aspects. In Psychology of music, for 

example, Seashore (1938) proposed that musicality be assessed measuring sensory capacities. 

This approach was criticized by the philosopher and composer Theodor W. Adorno, who 

claimed that the meaning of music is not addressed with this approach (Adorno, 1940). Accord-

ing to Gembris (1997), this claim accounts for all psychometric definitions of musicality of that 

time. 

The third phase deals with exactly this lack of consideration of emotions and meaning 

and is therefore introduced as the musical meaning approach which takes into account cognitive 

as well as emotional aspects of music. Blacking (1990), for example, claimed that musical in-

telligence was the “cognitive and affective equipment of the brain with which people make 

musical sense of the world” (as cited in Gembris, 1997, p.72). Gembris (1997) concludes that 

this understanding of musical ability seems to be the most promising approach. 

In addition to those historical developments in the past two centuries, the definition of 

musicality is highly dependent on current cultural and societal backgrounds (Müllensiefen, 

Gingras, Musil, & Stewart, 2014). For example, the distinction between individuals according 

to their perceived musicality is not culturally universal. While in Western societies clear dis-

tinctions are made between musical and unmusical individuals due to their musical talent and 

expertise, "all members of an African society are able to perform and listen intelligently to their 

own indigenous music" (Blacking, 1973, p.4, as cited in May, 1973). Blacking concludes that 

"tests of musical ability are clearly relevant only to the cultures whose musical systems are 
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similar to that of the tester” (p.6). This line of thought should be kept in mind with regard to the 

presented study and considerations about generalizability of the findings. 

However, in cultures that distinguish between different degrees of musical talent, this 

distinction needs to be built upon behaviors in which musical talent or musicality can show. 

This is the case for various activities, ranging from singing, playing an instrument, having ex-

pert knowledge about musical genres, composers or musicians, composing pieces, having a 

good sense of rhythm, or being able to easily remember melodies. In the past decades, many 

attempts have been made to develop an adequate measuring instrument for musicality, all facing 

the same problem that this term can be defined in various ways. Most of them only assess single 

aspects of musicality, like the Musical Ear Test by Wallentin, Nielsen, Friis-Olivarius, Vuust, 

and Vuust (2010), the Profile of Music Perception Skills by Law and Zentner (2012), the Music 

Experience Questionnaire by Werner, Swope, and Heide (2006), the Music Use Questionnaire 

by Chin and Rickard (2012), or the Music Engagement Questionnaire by Vanstone, Wolf, Poon, 

and Cuddy (2016). A variety of musical achievements or skills are often overlooked (Murphy, 

1999) —e.g., “the abilities to verbally communicate about music at a high level, to use music 

effectively to manipulate one’s own emotional states and those of others, and to compare music 

stylistically“ (Müllensiefen et al., 2014, p. 2). These skills, however, are crucial for occupational 

groups like music producers, journalists or DJs. 

In order to unite all these facets of musicality, Müllensiefen et al. (2014) of the Gold-

smiths University of London introduced a new measuring instrument, the Goldsmiths Musical 

Sophistication Index (Gold-MSI), which is based on the concept of musical sophistication. The 

authors argue that they use this term instead of musical talent, ability, musicality et cetera, be-

cause they assume that it is less loaded with preconceptions and biases as it has not been used 

that often in previous research. They define musical sophistication as “a psychometric construct 

that can refer to musical skills, expertise, achievements, and related behaviours across a range 

of facets that are measured on different subscales” (p.2). Following their definition, individuals 

with high levels of musical sophistication show “a) higher frequencies of exerting musical skills 

or behaviours, b) greater ease, accuracy or effect of musical behaviours when executed, and c) 

a greater and more varied repertoire of musical behaviour patterns.” The authors stress that the 

questionnaire was not developed to distinguish between individuals with extremely high levels 

in Musical Sophistication but should be applicable for the general population, which is already 

evident in the title of their paper “The Musicality of Non-Musicians: An Index for Assessing 

Musical Sophistication in the General Population”. 
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Another aspect that can be derived directly from the title of the article is the fact that 

musical sophistication is used to assess musicality. Because of its extensive conceptualization 

and the consideration of numerous facets of musicality, this questionnaire and the concept of 

musical sophistication were used to assess musicality in the study presented in this master’s 

thesis. It is assumed that musical sophistication reflects what is generally meant when we speak 

of musicality, which is why the choice fell on this questionnaire. In the subsequent parts of this 

work, the term musicality is used when speaking of musical sophistication. 

As a consequence of the assumptions that experience with music influences how music 

acts on stress (Pelletier, 2004) and that experience with music is one aspect of musicality (Mül-

lensiefen et al., 2014), musicality is expected to play a role in the relationship between music, 

stress as well as skin barrier recovery. The research questions and hypotheses that were formu-

lated based on these assumptions will be presented in the following paragraphs. 

 

Research Questions and Hypotheses 

Proposed model. 

As music has been shown to have positive, i.e., calming effects on stress, whereas stress 

affects skin barrier recovery negatively, it can be assumed that music has positive effects on 

skin barrier recovery via the reduction of stress. However, in a meta-analysis, Pelletier (2004) 

found that several parameters influence how music acts on stress, such as age, music prefer-

ences, or musical experience. Musicality was introduced as another concept closely related to 

musical experience that might mediate the effects of music on stress. In detail, it is possible that 

highly musical individuals respond more intensely—regarding feelings of, e.g., joy, being car-

ried away, chills, liking, or appreciation for the compositions, the beauty of the pieces and the 

instruments used—to music and therefore show better stress outcomes than less musical indi-

viduals after listening to music. It must be emphasized that this assumption is speculative and 

solely based on theoretical considerations. The study presented in this thesis has the potential 

to shed light on this relationship. 

If we expect that after listening to music, individuals high in musicality show better 

stress outcomes than less musical individuals, and taking into account that stress impacts skin 

barrier recovery negatively, whereas the reduction of stress has positive effects on skin barrier 

recovery, we can expect that music will show positive effects on skin barrier recovery most of 

all in highly musical individuals. Until now, research has not dealt with this issue. Thus, the 

proposed study will test these assumptions directly. 
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Research questions and hypotheses. 

The aim of this master’s thesis is to fill some still existing research gaps. In general, as 

Yehuda (2011) stated in his paper on music and stress, more research on the relationship be-

tween music and stress is necessary, especially when it comes to the effects of music on sub-

jectively experienced stress and stress emotions. Testing for the relationship between music and 

subjectively experienced stress, this study aims to contribute to the generation of knowledge in 

this research area. Moreover, existing literature lacks studies on the relationship between music, 

stress and a third variable, namely skin barrier recovery. To the best of my knowledge, this 

research project is the first to relate these three components to each other and study their inter-

connection. Consequently, the concept of musicality has not been considered in the context of 

music, stress and skin barrier recovery, either.  

The research questions arising because of lack of evidence in the cited literature are:  

1.) Do individuals who listen to music after experiencing experimentally induced acute stress 

show a quicker recovery in subjective stress, their salivary cortisol level and a quicker skin 

barrier recovery than individuals who listen to an audiobook or sit in silence? 

2.) Do highly musical individuals differ from less musical individuals in response to a music 

listening session after being experimentally stressed regarding the recovery in subjective stress, 

their salivary cortisol level and their skin barrier recovery? 

Finding an answer to these questions is of relevance because knowledge about the rela-

tionship between music and health could be implemented in clinical settings to alleviate stress 

and foster wound healing. Accordingly, music could have the potential to replace tranquilising 

medication which is often used in medical settings although associated with many contraindi-

cations and negative side-effects (de Witte et al., 2019). Studying the effects of musicality in 

this context can broaden our state of knowledge about the application area and limits of musical 

interventions. Therefore, the second research question aims to study whether music can be a 

useful tool for the general population or whether most of all musical individuals can profit from 

musical interventions. 

Based on the evidence presented above, following hypotheses are proposed: 

H1a: Individuals who listen to music after experiencing experimentally induced acute stress will 

show a quicker recovery in subjective stress than individuals who listen to an audiobook or sit 

in silence. 

H1b: Individuals who listen to music after experiencing experimentally induced acute stress will 

show a quicker regeneration of their salivary cortisol level than individuals who listen to an 

audiobook or sit in silence. 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

27 

H1c: Individuals who listen to music after experiencing experimentally induced acute stress will 

show a quicker skin barrier recovery than individuals who listen to an audiobook or sit in si-

lence. 

H2a: Highly musical individuals show a quicker recovery in subjective stress in response to a 

musical intervention after being experimentally stressed than less musical individuals.  

H2b: Highly musical individuals show a quicker regeneration of their cortisol response in re-

sponse to a musical intervention after being experimentally stressed than less musical individ-

uals. 

H2c: Highly musical individuals show a quicker skin barrier recovery in response to a musical 

intervention after being experimentally stressed than less musical individuals. 

In the following paragraphs, the study conducted to tackle those hypotheses will be pre-

sented. 

 

Method 

Study Design 

For this master’s thesis, the data collected in the pilot-testing of the research project 

Stress und Musik- oder Hörbuchhören by Univ.-Prof. Dr. Urs Markus Nater and Dr. Jasminka 

Majdandžić, conducted at the University of Vienna, were used. Participants of the study, which 

were all female, were recruited in the circle of acquaintances of the research team and screened 

for inclusion and exclusion criteria in a telephone interview (see appendix pp. 71–79). They 

were asked to fill out several questionnaires online via Unipark, amongst them the Gold-MSI 

which is the questionnaire that was used in this study to measure musicality. Those question-

naires had to be completed before the laboratory study, which took place at the Department of 

Psychology of the University of Vienna. In this experiment, a between subjects design was used 

for the comparison of different acoustic stimuli on subjective stress, TEWL and salivary corti-

sol. Participants were randomly assigned to the experimental group (music listening) or one of 

the control groups (audiobook listening or silence). After a baseline phase, they were experi-

mentally stressed using the Trier Social Stress Test (TSST; Kirschbaum, Pirke, & Hellhammer, 

1993). Directly afterwards, the skin barrier was damaged at a small area of the forearm of the 

non-dominant hand. Then, the experimental group listened to one out of five playlists for half 

an hour. They could choose which playlist to listen to. The control group did not listen to music 

but either listened to a neutral audiobook or sat in silence. Measurements of subjective stress, 

TEWL and cortisol were taken at several time points before and after the TSST and tape strip-

ping (see figure 1). Between the last four measurement time points (MTP), i.e., MTP 5, 6, 7 
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and 8, participants could read magazines in order to avoid boredom or frustration. Due to the 

small sample size available by the time of analysis, single case analyses were performed with 

three participants to test for the hypotheses presented above. 

 

 

 

 

Participants 

In this study, only women aged between 18 and 35 were recruited in order to control for 

possible gender and age-related effects. Because of a possible interplay between estrogen levels 

(which vary depending on the phases of the menstrual cycle) and salivary cortisol levels 

(Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer, 1999), participants were all tested 

in their follicular phase to ensure standardization. As the presented data were collected in the 

pilot-testing phase of the research project Stress und Musik- oder Hörbuchhören by Univ.-Prof. 

Dr. Urs Markus Nater and Dr. Jasminka Majdandžić, conducted at the University of Vienna in 

February and March 2020, participants were recruited only in the circle of acquaintances of the 

research team. It was always ensured that the participant and the testing team did not know each 

other in order to prevent possible social support effects, as such effects have already been shown 

by Heinrichs, Baumgartner, Kirschbaum, and Ehlert (2003). 

All participants fulfilled the following inclusion and exclusion criteria: They were 

healthy, did not smoke, did not use hormonal contraception, were not over- or underweight 

(BMI <17 or >25), did not drink excessively, take drugs or psychoactive substances, have 

chronic physical or mental health problems or any kind of allergy, take medication that influ-

ences the hormonal balance, have experience with stress tests, and they had proper German 

language skills. Furthermore, professional musicians or those of occupational groups related to 

music—like music shop assistants, sound engineers or music teachers—were not included in 

the study. 

Figure 1. Course of study 

Note. At measurement time point (MTP) 1–8, saliva samples were taken and subjective 

stress was assessed. At MTP 3–8, TEWL was measured. MTP 3 served as TEWL base-

line, MTP 4 provided the TEWL value directly after skin disruption via tape stripping. 
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On arrival, participants were given all the relevant information about the study and their 

right to stop participation at any time without giving reasons. The participant information and 

informed consent form can be found in the appendix on pp. 80–85. They were informed that 

the researcher will answer questions and give more information at the end of the study. 

Participants were granted 45€ for full study participation. The research project was ap-

proved by the Ethics Committee of the University of Vienna (operation number: 00494). 

 

Materials and Measures 

Subjective stress. 

As apparent from the theoretical background of this study, psychological stress has often 

been operationalized with measurements of state anxiety in previous stress literature. This is 

reasonable as state anxiety can be defined as part of the emotional response to a stressful expe-

rience (de Witte et al., 2019). Still, this study tried to tackle the feeling of subjectively felt stress 

more directly. Therefore, subjective stress levels were assessed using a visual analogue scale 

(VAS; see appendix, p. 91) for the question “Wie sehr fühlen Sie sich gestresst?” (“How 

stressed do you feel?”). Participants could indicate their subjective stress level on a line with 

the negative pole “gar nicht” (“not at all”) and the positive pole “sehr stark” (“very strongly”). 

The VAS was exactly 100 mm long; 0 mm indicated that the participant was not feeling stressed 

at all, 100 mm indicated that the participant felt very stressed. 

 

Cortisol response. 

Cortisol levels were measured with saliva samples. Despite the many possibilities to 

assess cortisol levels, salivary cortisol was used because it displays the current physiological 

stress response objectively, directly and with only a small time delay. Moreover, saliva samples 

can be taken very easily and non-invasively. 

 

Skin barrier recovery. 

The skin barrier recovery (SBR) was operationalized with the transepidermal water loss 

(TEWL) after skin impairment. In this paradigm, the upper layer of the epidermis is removed 

using a simple tape stripping method. This procedure is painless and harmless for the participant 

but is still effective in impairing the skin barrier just enough to lead to a measurable increase in 

evaporation of water through the skin. The extent of water loss can be measured with a Tewame-

ter (Tewameter® TM 300). Skin barrier recovery at each assessed time point x can be calculated  
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using the following formula: 

TEWL (after impairment) - TEWL (time point x)

TEWL (after impairment) - TEWL (baseline)
 𝑥 100 = percentage of SBR at time point x.  

 

 

Tape stripping procedure and TEWL measures. 

The tape stripping paradigm was conducted in order to remove the stratum corneum, 

which is the upper layer of the skin. The procedure followed the approach described by Robin-

son et al. (2017) in their paper about the influence of social closeness on skin barrier recovery 

after tape stripping. Four measurement sites (one control and three testing sites) of about 1 cm2 

each were used. They were located at the inner side of the forearm of the non-dominant arm in 

a distance of 1 cm from the arm bend and marked with a stamp. The testing sites were dry 

shaved with a disposable razor to ensure optimal measurement conditions. During the whole 

experiment, the measurement sites had to stay uncovered. Room temperature was kept constant 

between 22.5°C and 23.5°C, room humidity was controlled every time a measurement was 

conducted and never crossed the recommended range of 40–60%. 

Before tape stripping started, the researchers prepared 40 strips of tape (Scotch Classic 

Packaging Tape), and the probe of the Tewameter was put in a probe heater set to 34°C. The 

TEWL-baseline measurement, taken directly after the TSST and before tape stripping, served 

as reference point for the subsequent procedure. Skin impairment with tape stripping should 

lead to a minimum change of 15 g/h/m2. To achieve this change, the strips were used the fol-

lowing way: Tape was attached to the testing sites with light pressure and removed at a moder-

ate tempo. The sides from which the tape was pulled off the skin were alternated with every 

tape strip. After the first 20 strips, TEWL was measured at the testing sites. If TEWL had al-

ready increased by 15 g/h/m2, TEWL was measured at all three testing sites and used for the 

analysis. If TEWL had not increased sufficiently, another 10 strips were applied and the proce-

dure was repeated. The maximum of tape strips used to remove the stratum corneum was 40. If 

not enough change had occurred then, the testing was continued unless TEWL had not increased 

by more than 5 g/h/m2. In those cases, participants or individual testing sites should have been 

excluded. This happened twice in the presented sample. 

 

Musicality. 

In order to differentiate between highly musical and less musical individuals, the Ger-

man version of the Gold-MSI was used (see appendix, pp. 86–89). The original questionnaire 

by Müllensiefen et al. (2014) was translated and validated by Schaal, Bauer, and Müllensiefen 

(2014) and consists of 39 music-related items. It also contains additional sociodemographic and 
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economic questions which were not used in this study because they were neither relevant for 

the research question nor did they provide new information, as sociodemographic data was 

assessed elsewhere. 

In the Gold-MSI, participants are presented with 31 statements which they can respond 

to on a 7-point-Likert-scale, ranging from “Stimme ganz und gar nicht zu” (“do not agree at 

all”) to “Stimme voll und ganz zu” (“fully agree”). The other 8 items refer to active music 

making and listening and can be answered by choosing one numerical value (e.g., having played 

an instrument or singing regularly for “0 / 1 / 2 / 3 / 4-5 / 6-9 / 10 or more years”). The items 

can be clustered into five subscales (active engagement, perceptual abilities, musical training, 

singing abilities, emotions) and an additional global scale (general musical sophistication, 

GMS). 18 of those items load on the factor GMS. One item was not included in this study as it 

asked for the instrument one can play best, which did not provide information relevant for the 

investigated research questions. Thus, the final questionnaire used in this study consisted of 38 

items in total. Sample items and reliability values for each subscale and the global scale of the 

German version of the Gold-MSI can be found in table 1. The correlations relevant for conver-

gent and discriminant validity can be looked up in Müllensiefen et al. (2014), tables 3–6.  

As intended by the authors of the questionnaire, only the global GMS scale was used to 

rate the musicality of the participants. Data norms for the global scale and each subscale—

derived from the German sample—are given in the appendix on p. 90. 

Participants completed the questionnaire at home via Unipark before participating in the 

laboratory study. Completion of the questionnaire took about 6 minutes for the 38 items.  
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Table 1 

Sample items and reliability values for each subscale and the global scale of the German ver-

sion of the Gold-MSI 

Scale Cronbach’s α sample item 

Aktiver Umgang mit 

Musik 

(active engagement) 

.800 

 

 

 

Ich beschäftige mich in meiner Freizeit viel mit mu-

sikbezogenen Aktivitäten. 

(I spend a lot of my free time doing music related 

activities.)* 

Wahrnehmungsfä-

higkeiten 

(perceptual abilities) 

.834 Ich finde es schwierig, Fehler festzustellen, die ein 

Sänger macht, selbst wenn ich das Lied kenne. 

(I find it difficult to spot mistakes in a performance 

of a song even if I know the tune.)* 

Musikalische Ausbil-

dung 

(musical training) 

.880 Ich habe regelmäßig und täglich ein Instrument (ein-

schließlich Gesang) für __ Jahre geübt. 

(I engaged in regular, daily practice of a musical in-

strument (including voice) for ___ years.)* 

Gesangsfähigkeiten 

(singing abilities) 

.842 Ich bin in der Lage, die richtigen Töne zu treffen, 

wenn ich zu einer Aufnahme mitsinge. 

(I am able to hit the right notes when I sing along 

with a recording.)* 

Emotionen 

(emotions) 

.719 Ich suche häufig eine bestimmte Musik aus, um mich 

zu motivieren oder zu begeistern. 

(I often pick certain music to motivate or excite 

me.)* 

Allgemeine musika-

lische Erfahrenheit 

(general musical so-

phistication) 

.908 Ich würde mich selbst nicht als Musiker/-in bezeich-

nen. 

(I would not consider myself a musician.)* 

Note. * = Translations are taken from the original English version of the Gold-MSI. 
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The TSST. 

The TSST is a stress test developed by Kirschbaum, Pirke, and Hellhammer (1993) “as 

a standardized protocol for the induction of moderate psychosocial stress in laboratory settings” 

(Kudielka, Hellhammer, & Kirschbaum, 2007, p.56) with the aim of being able to conduct re-

search about psychobiological stress responses in a controlled setting. During its development, 

the TSST has been found to elevate cortisol concentrations (serum and saliva), ACTH (adreno-

corticotropic hormone), growth hormone and heart rate (Kirschbaum et al., 1993). Since its 

publication in 1993, “the TSST has proven a useful tool in the fields of basic, applied and clin-

ical psychobiological research with a wide range of psychobiological outcome variables” 

(p.74).  

The standard procedure of the TSST is as follows: After an initial baseline phase, par-

ticipants are brought to the testing room where the committee, dressed in white coats, is already 

awaiting them sitting at a table. The committee consists of a male so-called active and a female 

so-called passive stressor. Additionally, a camera and a microphone are set up. In the testing 

room the investigator introduces the participants to the TSST. They are informed that they will 

have to participate in a mock job interview in the first part and solve a mathematical task in the 

second part of the test. In the instructions for the job interview, participants are informed that 

they will have to apply for a job of their choice. They should imagine that the committee already 

has all the necessary information about their curriculum vitae and school reports, so they shall 

only talk about their personality traits. 

After a preparation phase of three minutes, the job interview takes place for five minutes. 

First, participants hold the speech they prepared. When they have finished, the committee is 

instructed to wait up to 20 seconds before they ask further questions in order to generate an 

awkward silence which should make the participant feel uncomfortable and nervous. In the 

second part, participants are instructed to count backwards in steps of 17, starting with the num-

ber 2043. When they make a mistake, they have to start again with 2043. 

During the whole procedure, the committee is instructed to maintain a neutral facial 

expression, not to be too friendly and not to give the participant any positive encouragement. 

Only the active stressor (who was always male in the presented study) may talk to the partici-

pant, and both the active and the passive stressor (who was always female) should take notes 

on a fake-protocol sheet. During the mental arithmetic test, they should remind the participant 

to calculate faster, speak up, and look into the camera. 
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Music playlists. 

After the tape stripping procedure, participants listened to 30 minutes of music or an 

audiobook or sat in silence. In the following section, the choice for the approach used in the 

study will be discussed and music and audiobook selection procedures will be described in 

detail. 

Researchers that use music interventions in their studies basically have three main pos-

sibilities for music selection: The pieces or melodies can either be researcher-selected, self-

selected, or a compromise between these two options, where participants have the choice be-

tween various researcher-selected pieces or playlists. Researcher-selected music has the ad-

vantage of controllability of, e.g., style or tempo of the pieces, whereas self-selected music 

matches the participant’s taste and preferences better. While some studies found better stress 

reducing effects for self-selected music (e.g., Jiang, Rickson, & Jiang, 2016; Jiang, Zhou, Rick-

son, & Jiang, 2013; Juslin, Liljeström, Västfjäll, Barradas, & Silva, 2008), a recently published 

meta-analysis (de Witte et al, 2019) could not confirm these findings, but reports that “the way 

the music was selected did not influence the effect of music interventions on stress-related out-

comes” (p.15). 

In this study, the third option was chosen: The researchers created six playlists with 

music pieces of different styles which they found relaxing. Additionally, the pieces had to be 

nonlyrical and the tempo should not exceed 80 beats per minute (de Witte et al., 2019). This 

procedure allowed the researchers to prepare playlists that could be tested for their calming and 

mood-regulating effects in a pre-study and thus provided controllability, while at the same time 

giving the participant freedom of choice for their favourite genre. Music preference has already 

been found to be an important moderator for the effectiveness of stress reduction in previous 

studies. Tan, Yowler, Super, and Fratianne (2012), for example, found a strong correlation be-

tween music preference and the perception of relaxation in music. In an older study, Stratton 

and Zalanowski (1984) also found that “the most important factor in relaxation was the degree 

of liking for the music” (p.1). Therefore, it seemed necessary to give participants the oppor-

tunity to choose their favourite music style in order to enable relaxation. 

Based on these arguments, the research team decided to create six playlists of various 

genres between which participants could choose. The six genres included in the pre-study 

where: Guitar, Classical, Lo-Fi, Ambient, Jazz and Lounge. Criteria for the audiobooks were a 

length of 30 minutes and a non-arousing topic. The audiobooks which were chosen and used as 

one of two control conditions treated certain topics from the fields of biology, history, cosmol-

ogy, philosophy and physics. Each playlist as well as the audiobooks lasted 30 minutes. 
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In order to investigate the effects of the playlists and the audiobook, a pre-study was 

conducted. 70 female participants were randomly assigned to one of the seven conditions (six 

playlists, one audiobook on history) and asked to fill out one questionnaire before and one after 

the listening session. The questionnaires contained 30 (pre-questionnaire) and 56 items (post-

questionnaire). The 30 items of the pre-questionnaire were asked repeatedly (before and after 

the listening session), the additional 26 items directly referred to the music or audiobook. 

The results indicated that all music playlists lead to a significant increase in relaxed 

positive affect, which was measured with The Types of Positive Affect Scale (TTPAS) and is 

strongly negatively correlated with subjective stress (Gilbert et al., 2008). The audiobook did 

not lead to a significant increase in relaxed positive affect. However, further analysis of the data 

revealed mixed, ambiguous results for the classical playlist. Therefore, this playlist was ex-

cluded from the main study. 

Previous research on the effects of music on stress has used different approaches con-

cerning the time point of application of the music intervention. Participants in the respective 

studies either listened to music nearly during the whole procedure (e.g., Knight & Rickard, 

2001), after the stressor (e.g., Khalfa et al., 2003), or before the stressful event (e.g., Ventura et 

al., 2012). A study which used a very similar approach to that used in the research project 

presented in this master’s thesis is the one conducted by Thoma et al. (2013). In this study, 

participants also went through the TSST protocol, but in contrast to our study, they listened to 

either music, rippling water or sat in silence prior to the stressor. Several stress outcomes were 

measured repeatedly, among them salivary cortisol and subjective stress (measured with a 

VAS). Unexpectedly, cortisol values were highest in the music group and lowest in the group 

that listened to rippling water. Subjective stress measures did not differ significantly between 

the three conditions. Perhaps the time point for application of the music intervention is a crucial 

factor, and listening to music after the TSST, as was done in our study, yields different results 

than listening to music before the stressor. 

 

Procedure 

The study took place at the Faculty of Psychology at the University of Vienna in Feb-

ruary and March 2020. Due to the diurnal cycle of cortisol with a peak in the morning, appoint-

ments were always made in the afternoon, starting at 1 PM and ending at about 5 PM. On 

enrolment, participants were randomly assigned to the experimental group (music) or one of 

the control groups (audiobook or silence). Upon arrival, information was given and the in-

formed consent (see appendix on pp. 80–85) was signed. After that, the skin areas that were 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

36 

used for tape stripping and TEWL measurement, located on the volar forearm of the non-dom-

inant arm, were marked with a stamp. Then, music playlist or audiobook selections were made. 

Participants of the music and audiobook group could choose which playlist or audiobook to 

listen to, respectively. The music group could choose between playlists of five different genres 

(Guitar, Lo-Fi, Ambient, Jazz and Lounge) that were selected by the researchers and found to 

be relaxing in a pre-study, as already described above. In detail, participants could listen to a 

few seconds of each playlist but did not receive explicit information about the genre. They 

based their preference solely on what they had heard. The control group that listened to a non-

arousing audiobook had the choice between five different topics (biology, history, cosmology, 

philosophy or physics).  

After a baseline phase of 30 minutes in which participants could read magazines, the 

first saliva sample was taken and TEWL and subjective stress levels were assessed for the first 

time. Afterwards, acute psychological stress was experimentally induced using the TSST. In 

this paradigm, participants must complete a mock job interview and a mental arithmetic test in 

front of a panel consisting of two researchers who are instructed to maintain neutral facial ex-

pressions. 

After the TSST, the tape stripping procedure was conducted, followed by a session of 

30 minutes of music listening in the experimental group and listening to an audiobook or sitting 

in silence in the control group. Music and audiobook were applied using wireless Sennheiser 

headphones (Sennheiser HDR 160). Participants of the silence condition wore the same head-

phones while sitting in silence for reasons of standardization and to eliminate possible interfer-

ing noise as good as possible. After the listening/ silence session, participants stayed in the lab 

for another 90 minutes for further measurements. During this time, participants in both groups 

were allowed to read magazines in order to avoid boredom or frustration. The dependent vari-

ables subjective stress, cortisol concentration and TEWL were measured at several time points 

before and after the TSST, after tape stripping, and during the music/ audiobook/ silence and 

reading phases (figure 1). In total, participants were present in the lab for up to four hours. 

 

Analysis 

The VAS for subjective stress was evaluated measuring the distance from zero to the 

mark set by the participant with a ruler. Unfortunately, the analysis of salivary cortisol was still 

pending at the time of analysis of the study results, which is why salivary cortisol measurements 

could not be included in the analysis. This represents a big limitation of this study which will 

be discussed in the limitations section of this master’s thesis. TEWL measures were calculated 
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as follows: The TEWL value for one measurement time point was calculated using the average 

of the values of the three testing sites. Following the recommendations described in the manual 

of the Tewameter (Tewameter® TM 300), individual measurement sites were excluded if they 

were not within a range of 10 g/h/m². In detail, the two measurement sites closest to each other 

were included in the analysis. Skin barrier recovery was calculated with the formula presented 

above. 

For the descriptive analysis of the key variables, the statistics programme IBM SPSS 

Statistics, version 24, was used. For musicality, the Shapiro-Wilk test was performed to test for 

a normal distribution in the studied sample. The Levene test for equality of variances was cal-

culated for the two conditions that were finally used in the analysis (silence and music) to check 

the requirements for the t-test for differences in mean values which was performed for the two 

conditions. A repeated measures ANOVA (rmANOVA) was performed with the eight meas-

urement time points (MTP) of subjective stress (VAS) as within-subjects factor time to assess 

the effectiveness of the TSST in the induction of subjectively felt stress. The Shapiro-Wilk test 

was used to check the requirement of a normal distribution at each level of the within-subjects 

factor for the rmANOVA. TEWL and SBR were analysed descriptively. 

To test the proposed hypotheses, single case analyses were performed. This approach 

was chosen as only a very limited number of participants had already taken part in the study at 

the time of analysis, which rendered powerful statistical analyses impossible. The participants 

for the single case analyses were selected based on study condition (one participant of the music 

condition and one participant of the silence condition) for the hypotheses 1a and 1c. Addition-

ally, these participants should have a similar, moderate score in the GMS scale of the Gold-

MSI. For hypotheses 2a and 2c, two cases of the music condition were selected, one scoring 

high in the Gold-MSI and one scoring low. 

 

Results 

Recruitment 

Figure 2 shows the course of recruitment. As this study used the pilot-testing data of 

participants who were recruited in the circle of acquaintances of the research team, the full 

number of private contacts is unknown. In the process of private contact, the research team 

already excluded those of the possible participants who did not fulfil the main inclusion criteria. 

Only those were invited to participate in the study who were female, between 18 and 35 years 

old and did not take hormonal contraception. Those who fulfilled the criteria and were inter-

ested to participate in the study where invited to complete the telephone screening. Participants 
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could choose whether they wanted to complete the screening with their acquaintance or with 

another team member who they did not know. In total, 22 people took part in the telephone 

screening. Ten had to be excluded, most of the time because of allergies or psychological or 

health problems which often included long-term medication. 

 

 

 

 

 

 

 

 

 

 

 

Of the 12 inclusions, seven had already completed the study at the time of analysis. Five 

were tested at a later date and therefore not included in this master’s thesis. Data of two partic-

ipants had to be excluded from the analysis because the TEWL values did not fulfil the crite-

ria—i.e., either the values of the three measurement sites were not within a range of 10 g/h/m², 

or tape stripping did not lead to a sufficient increase of 5 g/h/m². 

 

Sample Description 

The final sample consisted of N = 5 women. Mean age was 28.2 (SD = 4.55). All par-

ticipants were of high educational levels, with all of them indicating to have the Abitur/Matura. 

All of them attended University or had in the past. Three participants were employed, one full-

time, two at least half a day. Two participants indicated not to have a job as they were still in 

training. 

 

Description of Key Variables 

Musicality. 

In the global scale (general musical sophistication, GMS) of the Gold-MSI, the sample 

scored medium to high in musicality (M = 79.80, SD = 12.19, Min = 66, Max = 97). For data 

norms of the Gold-MSI, see appendix p. 90. There was no participant who scored very low (i.e., 

≤25th percentile) in the Gold-MSI. Two participants scored very high (≥75th percentile). As 

Private contact 

Exclusions = 10 

Inclusions = 12 
Participation = 7 

(music = 5 

audiobook = 0 

silence = 2) 

Telephone screening = 22 

not yet tested at 

time of analysis 

= 5 

Figure 2. Course of recruitment 
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there are no recommendations in the publications on the Gold-MSI regarding cutoff scores for 

high and low musicality and after correspondence with one of the authors of the German version 

of the Gold-MSI (N. K. Schaal, personal communication, March 4, 2020), the 25th and 75th 

percentile were set as cutoff scores for low and high musicality in this sample. 

Skewness was positive and relatively low (|skewness| = 0.581, SE = 0.913), which indi-

cates a slightly right-skewed distribution. Kurtosis in this sample was negative and low as well 

(|kurtosis| = -0.756, SE = 2.0), which indicates that the scores of the sample were concentrated 

near the mean and not many extreme values appeared. The Shapiro-Wilk test for normality 

points to a normal distribution in the studied sample (W = .720). 

The Levene test for equality of variances between the two conditions (silence and music) 

was not significant. The t-test for differences in mean values revealed no significant differences 

in musicality between the two conditions silence and music (p = .150). However, it must be 

emphasized that due to the very small sample size, these results must be interpreted carefully 

and rather descriptively. 

 

Subjective stress. 

Figure 3 shows the course of subjective stress, measured with a VAS, averaged over the 

five participants.  
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Figure 3. Course of subjective stress levels (VAS), averaged over the study sample 
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To calculate whether the TSST was effective in inducing stress, an rmANOVA was 

performed, with time as within-subjects factor. Again, it has to be emphasized that the small 

sample size only permits restricted interpretation of these results.  

The assumption of a normal distribution of each level of the within-subjects factor time 

was tested with the Shapiro-Wilk test and given only at MTP 2 and 3 (MTP 1: p = .001, MTP 

2: p = .064, MTP 3: p = .648, MTP 4: p = .001, MTP 5: p = .005, MTP 6: p = .010, MTP 7: p 

= .021, MTP 8: p = .010), which represent the measurements after instruction of the TSST 

(MTP 2) and after performance of the TSST (MTP 3). 

In the rmANOVA, the within-subjects factor time was highly significant 

(F(21063.694, 2.011) = 19.154, p = .001). 

 

Transepidermal water loss and skin barrier recovery. 

Figure 4 shows the course of TEWL and corresponding SBR, averaged over the five 

participants.  

 

 

In the cases of two participants, one measurement site had to be excluded because the 

three testing sites were not within a range of 10 g/h/m². Thus, the two sites closest to each other 

were averaged and used for the analysis. 

In nearly all cases, a sufficient increase in TEWL of at least 5 g/h/m² was reached. Only 

in one case, one of the three measurement sites had to be excluded from the analysis because at 

this site, the increase in TEWL was only 3.5 g/h/m². The other two sites of this case had an 

increase of 8.2 g/h/m² and 5.6 g/h/m² and were thus averaged and used in the analysis. 
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In four cases, the maximum of 40 tape strips was used to achieve this change. Only in 

one case, 30 tape strips were enough. There was no case in which the desired TEWL-increase 

of 15 g/h/m² was achieved; only one case came close to this value, with 14.7 g/h/m² difference 

between MTP 3 and 4. The mean difference between MTP 3 (baseline TEWL) and MTP 4 

(TEWL after tape stripping) was 10.21 g/h/m². After skin impairment, one person showed no 

decrease in TEWL but even an increase at MTP 6, 7 and 8 compared to TEWL after tape strip-

ping (MTP 4). 

 Table 2 gives an overview over subjective stress levels (VAS), TEWL and SBR, aver-

aged over the five participants. 

 

Table 2 

Subjective stress (VAS), TEWL and SBR, averaged over the five participants 

 

 

 

 

 

 

 

 

 

 

 
 

Note. Subjective stress was measured with a VAS at all 8 MTP. TEWL was measured at 

MTP 3–8. MTP 3 displays the baseline TEWL value. MTP 4 displays TEWL directly after tape 

stripping. MTP 5–8 display subsequent TEWL values. Percentages of skin barrier recovery 

(SBR) are given for MTP 5–8. 

 

Hypothesis Testing: Hypotheses 1a and 1c 

Choice of single cases. 

To test H1a, H1b and H1c, two single cases where studied in detail. The selection criteria 

were study condition, full completion of the study, and comparable sum scores in musical so-

phistication, measured with the Gold-MSI. Hence, one participant who listened to music after 

the TSST and one participant who sat in silence were chosen. The choice fell on the silence 

Measurement time point 

(MTP) 
VAS 

TEWL 

(g/h/m2) 
SBR 

MTP 1 4,2   

MTP 2 34   

MTP 3 (TEWL baseline) 70.4 14.11  

MTP 4 (TEWL impaired) 9.3 24.32  

MTP 5 2 22.12 22.14% 

MTP 6 2.8 22.11 21.16% 

MTP 7 0.8 21.87 24.54% 

MTP 8 4 21.47 26.93% 
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condition as control in order to be able to rule out the possibility that listening to an acoustic 

stimulus per se impacts subsequent stress and TEWL values. Because the saliva samples taken 

in the study have not yet been analysed at time of data analysis for this master’s thesis, neither 

H1b nor H2b could be addressed. Therefore, only H1a, H1c, H2a and H2c will be discussed in the 

following sections. The names of all participants have been changed in order to ensure anony-

mization. 

 

Case A: Laura. 

Laura is a 32-year-old healthy University student. She indicated not to work as she was 

still in training. In the Gold-MSI she reached 75 out of 18–126 possible points. Table 8 shows 

the values per subscale and in the global scale of the Gold-MSI. The corresponding data norms 

are given in parenthesis. Laura was randomly assigned to the silence condition. Hence, between 

MTP 4 and 5, Laura was sitting in silence for half an hour.  

Figure 5 depicts the course of her subjective stress level. Figure 6 depicts the observed 

course of TEWL. Table 3 shows the corresponding values for each MTP. Forty tape strips were 

used to reach the necessary increase in TEWL. One TEWL measurement site had to be excluded 

because TEWL was not within a range of 10 g/h/m² after tape stripping. Her baseline TEWL 

value was 10.80 g/h/m², which—according to the manual of the Tewameter (Tewameter® TM 

300)—indicates a healthy skin condition. 

 

Table 3 

VAS and TEWL values of case A (Laura) at each MTP 

 Measurement time point 

(MTP) 
VAS 

TEWL 

(g/h/m2) 
SBR 

MTP 1 1   

MTP 2 21   

MTP 3 (TEWL baseline) 39 10.80  

MTP 4 (TEWL impaired) 2 25.50  

MTP 5 1 21.70 25.85% 

MTP 6 1 21.15 29.59% 

MTP 7 1 21.60 26.53% 

MTP 8 1 20.80 31.97% 
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Figure 5. Course of the subjective stress level (VAS) of Case A (Laura) 

Figure 6. Course of TEWL and percentages of SBR of Case A (Laura) 
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Case B: Elisa. 

Elisa, a 29-year-old healthy woman, indicated that her highest educational level was 

University education and that she works full-time. She scored 74 points in the Gold-MSI (see 

table 8 for detailed scores and data norms). Elisa was randomly assigned to the music condition. 

She decided to listen to the Jazz playlist in the music listening phase (between MTP 4 and 5). 

The courses of subjective stress and TEWL, including percentage rates for SBR, can be seen in 

figure 7 and 8. VAS, TEWL and SBR values of case B are displayed in table 4. The maximum 

of 40 tape strips was used to increase TEWL sufficiently. Elisa’s baseline TEWL value was 

16.33 g/h/m², which indicates a normal skin condition. 

 

Table 4 

VAS and TEWL values of case B (Elisa) at each MTP 

Measurement time point 

(MTP) 
VAS 

TEWL 

(g/h/m2) 
SBR 

MTP 1 1   

MTP 2 22   

MTP 3 (TEWL baseline) 50 16.33  

MTP 4 (TEWL impaired) 0 25.03  

MTP 5 0 23.83 13.79% 

MTP 6 0 23.17 21.46% 

MTP 7 0 22.37 30.65% 

MTP 8 15 22.80 25.67% 
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Figure 7. Course of the subjective stress level (VAS) of Case B (Elisa) 

Figure 8. Course of TEWL and percentages of SBR of Case B (Elisa) 
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Comparison of Case A (silence) and Case B (music). 

To tackle the research question whether individuals who listen to music after experienc-

ing experimentally induced acute stress show a quicker recovery in subjective stress and a 

quicker skin barrier recovery than individuals who sit in silence, these two cases—Case A, 

Laura, who sat in silence, and Case B, Elisa, who listened to music—must be compared. 

Figure 9 and 10 display the courses of subjective stress and SBR of Case A (Laura; 

silence) and B (Elisa; music). In table 5, TEWL values and SBR are summarized. 

 

 

Table 5 

TEWL values and percentage of SBR of Case A (Laura; silence) and B (Elisa; music) 

MTP  

Case A (Laura)  Case B (Elisa) 

TEWL 

(g/h/m2) SBR  

TEWL 

(g/h/m2) SBR 

MTP 3 (TEWL baseline)  10.80   16.33  

MTP 4 (TEWL impaired)  25.50   25.03  

MTP 5  21.70 25.85%  23.83 13.79% 

MTP 6  21.15 29.59%  23.17 21.46% 

MTP 7  21.60 26.53%  22.37 30.65% 

MTP 8  20.80 31.97%  22.80 25.67% 
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Hypothesis Testing: Hypotheses 2a and 2c 

Choice of single cases. 

To test the hypotheses 2a and 2c, a similar procedure was used as for the hypotheses 1a 

and 1c. Two cases that had completed the study entirely were chosen based on their study con-

dition and their total score in the Gold-MSI. This time, both participants had to be in the music 

condition, and they had to differ regarding their Gold-MSI score. To test for H2a and H2c, one 

participant scoring very high and one participant scoring very low had to be analysed. There-

fore, the originally planned procedure would have been to analyse those two participants of the 

studied sample who had scored highest and lowest in the Gold-MSI, respectively. Unfortu-

nately, the person scoring lowest had to be excluded from the analysis because of faulty TEWL 

values, as described above. Therefore, the data of Case B (Elisa) were used for H2a and H2c as 

well, as she was the participant who scored second lowest of those in the music condition. 

 

Case C: Anna. 

Case C, Anna, was 21 years old and healthy at the time of testing. The student indicated 

to be unemployed at the moment. Anna was the participant who scored highest in the Gold-

MSI, with 97 out of a possible total of 126 points. Detailed scores per subscale and data norms 

for the Gold-MSI are given in table 8. She was randomly assigned to the music condition and 

chose the Lo-Fi playlist. The course of subjective stress and TEWL are depicted in figures 11 

and 12, respectively. Her VAS, TEWL and SBR values are given in table 6. 

Forty tape strips were used to increase TEWL. In Anna’s case, one TEWL measurement 

site had to be excluded from the analysis because no sufficient change in TEWL was reached. 

The difference between MTP 3 (TEWL baseline) and 4 (after tape stripping) was only 3.5 

g/h/m². The other two sites of this case could be used as an increase of 8.2 g/h/m² and 5.6 g/h/m² 

was observed. Anna’s baseline TEWL value was 12.95 g/h/m², which indicates a healthy skin 

condition. 
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Table 6 

VAS and TEWL values of case C (Anna) at each MTP 

Measurement time point 

(MTP) 
VAS 

TEWL 

(g/h/m2) 
SBR 

MTP 1 0   

MTP 2 44   

MTP 3 (TEWL baseline) 74 12.95  

MTP 4 (TEWL impaired) 0 20.05  

MTP 5 0 16.60 48.59% 

MTP 6 0 17.55 35.21% 

MTP 7 0 16.95 43.66% 

MTP 8 0 17.45 36.62% 
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Figure 12. Course of TEWL and percentages of SBR of Case C (Anna) 

Figure 11. Course of the subjective stress level (VAS) of Case C (Anna) 
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Comparison of Case B (moderate in GMS) and Case C (high in GMS). 

Figure 13 and 14 display the courses of subjective stress levels and SBR of Case B 

(Elisa; moderate in GMS) and Case C (Anna; high in GMS). In table 7, TEWL values and SBR 

are summarized. 

 

Table 7 

TEWL values and percentage of SBR of Case B (Elisa; moderate in GMS) and C (Anna; high 

in GMS) 

MTP  

Case B (Elisa)  Case C (Anna) 

TEWL 

(g/h/m2) SBR  

TEWL 

(g/h/m2) SBR 

MTP 3 (TEWL baseline)  16.33   12.95  

MTP 4 (TEWL impaired)  25.03   20.05  

MTP 5  23.83 13.79%  16.60 48.59% 

MTP 6  23.17 21.46%  17.55 35.21% 

MTP 7  22.37 30.65%  16.95 43.66% 

MTP 8  22.80 25.67%  17.45 36.62% 

 

 

Figure 13. Courses of the subjective stress levels (VAS) of Cases B (moderate in GMS) 

and C (high in GMS) 
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Table 8 

Scores and data norms for each subscale and the global scale of the Gold-MSI 

 Subscales of the Gold-MSI 

Case AE PA MT SA EM GMS 

A (Laura) 31 

(40–45%) 

51 

(70–75%) 

16 

(30–35%) 

33 

(70%) 

37 

(90%) 

75 

(55–60%) 

B (Elisa) 23 

(15–20%) 

44 

(40%) 

28 

(65%) 

31 

(65%) 

30 

(40%) 

74 

(55%) 

C (Anna) 42 

(80–85%) 

56 

(85–90%) 

28 

(65%) 

45 

(95–100%) 

37 

(90%) 

97 

(90%) 

Note. AE = Active Engagement, PA = Perceptual Abilities, MT = Musical Training, SA = 

Singing Abilities, EM = Emotions, GMS = General Musical Sophistication. The values in pa-

renthesis represent the data norms for the respective score reached by the participant. 

 

Figure 14. Courses of SBR of Cases B (moderate in GMS) and C (high in GMS) 
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Discussion 

Discussion of the Key Variables of the Overall Sample. 

As reported, the sample appeared to be medium to high in musicality (M = 79.80, SD = 

12.19, Min = 66, Max = 97). Because there was no person who scored very low in musicality, 

analysis of the hypotheses 2a and 2c was only possible to a limited extent, which represents a 

big limitation of this study. 

Graphical analysis of the course of subjective stress as well as the significant result for 

the factor time in the rmANOVA (F(21063.694, 2.011) = 19.154, p = .001) reveal that the TSST 

was effective in the induction of subjective stress. This was expected as the TSST has already 

proven an effective stress inducing tool in prior research (Kirschbaum et al., 1993). The 

Shapiro-Wilk test for normality was not significant at MTP 2 and 3, which means that at those 

MTP, the values of the VAS for subjective stress were normally distributed, while at MTP 1 

and 4–8 they were not. This also supports the assumption that the TSST lead to changes in 

subjective stress. In detail, participants appeared equally stressed (with values below 5) at 

MTP 1 and 4–8, while at MTP 2 (after instruction of the TSST) and 3 (after the TSST), instruc-

tion and performance of the TSST had an impact on subjective stress and lead to normally 

distributed values. However, at MTP 2 and 3 the values differed strongly between the partici-

pants, with a range of 21–62 in the VAS at MTP 2 and 39–99 at MTP 3. Only speculations can 

be made about the reasons for this. One reason might be that the VAS is not an objective meas-

ure of stress, but participants indicate their subjectively felt stress level on their own. This im-

plicates that each participant has their own reference point for what is extreme high and extreme 

low stress. This will also be discussed in the limitations section of this master’ thesis. Another 

simple explanation could be that the participants really differed that extremely in their stress 

response to the TSST.  

On average, the sample had healthy skin, as indicated by a mean TEWL baseline value 

of 14.11 g/h/m². In nearly all cases—with one exception in which one individual testing site 

had to be excluded—tape stripping lead to an increase in TEWL by at least 5 g/h/m² 

(M = 10.21 g/h/m²). However, the recommended increase of 15 g/h/m² was never reached, 

which might also restrict interpretability of the results. On average, TEWL decreased over time 

in the studied sample. The abnormalities observed regarding TEWL measurement will be dis-

cussed in the limitations section of this thesis. 

The differences in individual SBR values between participants of different conditions 

or GMS scores will be discussed in the following sections. 
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Discussion of Hypotheses 1a and 1c: Case A and B 

To answer the research question whether individuals who listen to music after experi-

encing experimentally induced acute stress show a quicker recovery in subjective stress, their 

salivary cortisol level and a quicker skin barrier recovery than individuals who listen to an 

audiobook or sit in silence, two cases where selected for evaluation in a single case analysis. 

One of these cases had to be a participant of the music condition. For the other case, a person 

of the silence (and not the audiobook) condition was chosen in order to rule out possible effects 

that originate from listening to an acoustic stimulus, which might have appeared in the audio-

book condition. Additionally, those two cases had to be similarly musical, with comparable 

scores in the GMS scale of the Gold-MSI. The two cases chosen for this purpose were Laura 

(A, silence) and Elisa (B, music). As already mentioned, cortisol values could not be included 

in the analysis. 

At MTP 1, both Laura and Elisa indicated a subjective stress level of 1, which can be 

interpreted as that both were not stressed after the 30-minutes baseline phase. After instruction 

of the TSST, subjective stress rose similarly in both participants, with a value of 21 in Case A 

(Laura; silence) and 22 in Case B (Elisa; music). After the TSST, stress differed slightly be-

tween the two participants. Elisa indicated more stress (50 in the VAS) than Laura (39). At 

MTP 4 (after tape stripping), Elisa, who had been more stressed at MTP 3, indicated a stress 

level of 0, while Laura indicated a stress level of 2 in the VAS. Although graphically and in 

absolute numbers the difference between MTP 3 and 4 was higher for Elisa than for Laura, this 

difference cannot be interpreted because of 1) the negligible difference between both partici-

pants at MTP 4 and 2) possible floor effects.  

The same applies to subjective stress differences between the participants at MTP 4 and 

5. These two MTP would be of great interest for the hypothesis 1a because the listening (or 

silence) session occurred between these two MTP. For Case A (Laura) who participated in the 

silence condition, subjective stress differed only by 1 unit between MTP 4 and 5. Participant B 

(Elisa) who participated in the music condition showed no difference in subjective stress, 

whereby floor effects come into play in this case, as well. Elisa already indicated a value of 0 

at MTP 4, which implies that no more decrease was possible. In the further course, VAS values 

stayed stable in both participants, with one exception at MTP 8 in Elisa’s case, whose stress 

level rose to a value of 15. The reason for this is unknown. One possible explanation might be 

that the participant might have come under time pressure because of the long study duration in 

which participants had no access to a clock and thus never knew how late it was. However, this 

is purely speculative and irrelevant for the answering of the investigated research question. 
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In sum, the available data of Case A and Case B do not support the hypothesis that 

individuals who listen to music after experiencing experimentally induced acute stress will 

show a quicker recovery in subjective stress than individuals who sit in silence. Hence, H1a 

cannot be accepted. 

To investigate hypothesis 1c, the course of TEWL and SBR rates of both participants 

must be analysed and compared. At baseline (MTP 3), Laura (Case A; silence) had a TEWL 

value of 10.80 g/h/m², which indicates a healthy skin condition. Elisa (Case B; music) had a 

TEWL value of 16.33 g/h/m², which indicates normal skin condition. After tape stripping (at 

MTP 4), the TEWL values of both cases nearly aligned with each other: Laura’s TEWL rose to 

a value of 25.50 g/h/m², Elisa’s TEWL rose to a value of 25.03 g/h/m². However, Laura, who 

had participated in the silence condition, displayed a quicker skin barrier recovery than Elisa, 

who had listened to music after the TSST (between MTP 4 and 5). At MTP 6 and 8, SBR was 

higher in Case A, as well. Only at one MTP (MTP 7), the percentage of SBR was higher in 

Case B. It must be assumed that this is either because of some kind of measurement error or 

because of influence of sweating on TEWL at MTP 7 in Case B, as SBR recovery decreased 

again between MTP 7 and MTP 8, which should not be possible. 

The results of the analysis of the TEWL and SBR data do not support the assumed hy-

pothesis H1c. Thus, based on the available data, hypothesis 1c cannot be accepted. 

 

Discussion of Hypotheses 2a and 2c: Case B and C 

To address the second research question—Do highly musical individuals differ from 

less musical individuals in response to a music listening session after being experimentally 

stressed regarding the recovery in subjective stress, their salivary cortisol level and their skin 

barrier recovery?—two cases had to be selected for the single case analysis that differed 

strongly in their level of musicality, i.e., in their score in GMS. The choice for the person scor-

ing highest fell on Case C (Anna), who scored 97 out of a possible total of 126 points (90th 

percentile) in the Gold-MSI. Of the participants who had completed the study at the time of 

analysis, the one scoring lowest (64 points, 40th percentile) had to be excluded because her 

TEWL data were not usable. Therefore, the participant who had scored second lowest in the 

global score of the Gold-MSI was chosen: Case B (Elisa), who had scored 74 points (55th per-

centile). 

At baseline, both participants indicated a very low subjective stress level, with 1 unit in 

Elisa’s case and a value of 0 in Anna’s case. As indicated by the VAS score at MTP 2, both 

reacted differently to the instruction of the TSST. While Elisa’s score only rose to a value of 
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22, Anna’s score rose to a value of 44 in the VAS. Nearly the same difference value (22 units 

at MTP 2, 24 units at MTP 3) was also given at MTP 3 (directly after the TSST), where Anna 

(high in GMS) stated a higher stress level (74 units) than Elisa (moderate in GMS; 50 units). 

Afterwards, subjective stress dropped to a value of 0 in both cases and stayed at that level until 

the end of the study—with one exception for Elisa at MTP 8, as already discussed above. Hence, 

hypothesis 2a—that highly musical individuals show a quicker recovery in their subjective 

stress level in response to a musical intervention after being experimentally stressed than less 

musical individuals—cannot be addressed based on the given data, as subjective stress was 

already at a level of 0 before the music listening session in both cases. 

For the investigation of H2c which says that highly musical individuals show a quicker 

skin barrier recovery in response to a musical intervention after being experimentally stressed 

than less musical individuals, TEWL values and SBR rates of the two participants must be 

analysed. Both participants started with different TEWL values at baseline. While Anna dis-

played a healthy skin condition at MTP 3 (baseline TEWL = 12.95 g/h/m²), Elisa displayed 

normal skin condition (baseline TEWL = 16.33 g/h/m²). Tape stripping lead to an increase in 

TEWL of 7.1 g/h/m² in Anna’s (high in GMS) skin and 8.7 g/h/m² in Elisa’s (moderate in GMS) 

skin at MTP 4. Between MTP 4 and 5, the participants listened to music (Elisa listened to the 

Jazz playlist, Anna listened to the Lo-Fi playlist). Interestingly, SBR rates differed to a great 

extent between Anna and Elisa after the music listening session (MTP 5). Elisa (moderate in 

GMS) had a percentage of SBR of 13.79%. Anna (high in GMS) had an SBR rate of 48.59% 

after music listening, which is the highest SBR rate observed in all participants not only at MTP 

5 but at all MTP assessed in this study. In the subsequent course, SBR rates were always higher 

in Case C (Anna) than in Case B (Elisa). However, it can be viewed critically that in Case C, at 

two MTP SBR rates were lower than at the preceding MTP. In Case B this was also the case at 

MTP 7 and 8. While in Case C no reasons are known for this, in Case B an interesting obser-

vation has been made which could contribute to the explanation of the decrease in SBR. As 

already described above, Elisa indicated an increase in subjective stress between MTP 7 and 8, 

while at the same time displaying an increase in TEWL (i.e., a decrease in SBR). A connection 

between a rise in subjective stress and TEWL at MTP 7 and 8 is conceivable, although purely 

speculative, as no cortisol values are available to support this explanatory approach. Another 

possible explanation could simply be that the Tewameter used in this study uses a highly sen-

sitive probe which always carries the risk for measurement errors. This issue will be discussed 

in the limitations section. 
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However, Anna (high in GMS) constantly showed higher SBR rates than Elisa (moder-

ate in GMS), which supports the assumed hypothesis that highly musical individuals show a 

quicker skin barrier recovery after a music listening session after being experimentally stressed 

than less musical individuals. Hence, the available data seem to suggest that hypothesis H2c may 

hold true. 

 

General Discussion 

In this study, two research questions were investigated. In simple words, the first ques-

tion addressed whether music might have an influence on stress and skin barrier recovery. The 

second question asked whether these effects might be stronger in highly musical individuals 

than in less musical individuals. To find answers to these questions, single case analyses were 

performed. The choice fell on this approach because of the very small sample size (N = 5) 

available at the time of analysis. This must be kept in mind in the discussion of the results of 

this study, as high statistical power is not given in such a small sample. Therefore, the results 

only provide tentative answers to the presented research questions. 

Analyses of the results revealed that the data did not show any patterns in support of 

three out of four hypotheses. In the first two hypotheses it was assumed that individuals who 

listen to music after being experimentally stressed recover faster from subjective stress as well 

as from impairment of an area of their skin than individuals of a silent control group. This was 

assumed because, as explained in detail in the introduction section of this thesis, music has been 

shown to decrease subjective stress (e.g., Lai & Li, 2011) and stress has been shown to impair 

skin barrier recovery (e.g., Altemus et al., 2001). Thus, music should have positive effects on 

skin barrier recovery. To investigate this assumption, subjective stress and skin barrier recovery 

were assessed and analysed. Unfortunately, the available data did not allow the investigation of 

a connection between stress and SBR. This can be explained because of the time shift between 

the peak of stress and SBR measurements. Stress was highest at MTP 2 (after instruction of the 

TSST) and 3 (directly after the TSST). TEWL was first measured at MTP 3. Then, skin impair-

ment followed between MTP 3 and 4. By the time of MTP 4, stress levels had already dropped 

to the baseline level and stayed constant in the subsequent course in the three single cases stud-

ied in the analysis. This had two consequences. First, as SBR could be calculated for the first 

time at MTP 5, it follows logically that no relation can be established between subjective stress 

and SBR. Levels of cortisol, a stress hormone, could yield better insights into the relationship 

between stress and SBR, but were not available at the time of analysis, which represents a big 

limitation of this study. Second, hypothesis 1a and 2a could not be studied, because no 
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difference values could be calculated between MTP 4 and 5, which represent the MTP before 

and after music listening/ silence. 

A possible explanation for the close-to-baseline values in subjective stress at MTP 4 

was that tape stripping occurred right after the TSST, i.e., between MTP 3 and 4. This procedure 

took quite some time: First, TEWL was measured at all of the three testing sites (which could 

take up to 90 seconds per site). Then, in all of the three cases, 40 tape strips were applied to the 

skin, which is time consuming as well. Afterwards, TEWL was measured at all sites, again. In 

sum, this procedure could take up to 15 minutes. Not only was this a lot of time to recover from 

subjectively felt stress, but participants were also distracted from ruminating about the experi-

enced stress test. As already shown in previous TSST studies (e.g., Capobianco, Morris, & 

Wells, 2018), worrying and rumination about the stress test can prolong stress recovery. It can 

be assumed that the tape stripping procedure—which was probably new to each participant—

distracted participants from ruminating or worrying about their performance in the TSST. This 

might have led to the very low values in subjective stress at MTP 4. 

However, the hypothesis that SBR recovery would be better in individuals who listened 

to music than in those who sat in silence after being experimentally stressed did not find any 

support in the available data. The compared participants did not differ greatly neither in their 

subjective stress response to the TSST nor in their subsequent VAS values. However, they dif-

fered regarding condition (music or silence). Against the expectations, SBR at MTP 5–8, which 

were the MTP after tape stripping, was constantly better in the participant of the silence condi-

tion than in the participant of the music condition. Thus, H1a as well as H1c cannot be accepted. 

Hypotheses 2a and 2c addressed the influence of musicality on the effects of music on 

stress and skin barrier recovery. To the best of my knowledge, this study is the first to investi-

gate this issue. Unfortunately, as was the case with hypothesis 1a, H2a could not be addressed 

for the same reasons. The investigation of hypotheses 2c yielded interesting results though. The 

participant who had scored highest in the general musical sophistication scale of the Goldsmiths 

Musical Sophistication Index showed a better skin barrier recovery than the person with a low 

score in the Gold-MSI, which supports the assumed hypothesis 2c. 

This result might explain the lack of evidence for hypothesis 1c. If we assume that most 

of all highly musical individuals profit from a music listening session and that less musical 

individuals profit less, it follows that less musical individuals who listen to music should show 

outcomes similar to those of individuals who sit in silence. However, this does not explain why 

the participant of the silence condition had a better SBR than the participant of the music con-

dition. 
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The finding that the musical participant had better SBR than the less musical participant 

goes in line with the meta-analysis of Pelletier (2004) who found that individuals with musical 

experience benefit more from music assisted relaxation techniques than non-musical individu-

als. However, it cannot be disregarded that other factors that might contribute to the found effect 

have not been considered in the study design, like personality traits or performance in the TSST, 

which might influence the stress reactivity to the TSST. A concept other than musicality which 

has not been considered in this master’s thesis but might contribute to how music acts on health 

are the constructs of music empathizing (ME) and music systemizing (MS). Introduced in 2008 

by Kreutz, Schubert, and Mitchell (2008), it builds on Baron-Cohen’s Empathizer-Systemizer-

Theory (E-S theory; Baron-Cohen, Knickmeyer, & Belmonte, 2005), which postulates a dis-

tinction between two general cognitive styles: Empathizing refers to the tendency or ability to 

identify mental states of others and to respond to them accordingly with an adequate emotion, 

in order to be able to predict future behavior and respond to it; “Systemizing is the drive to 

analyze a system in terms of the rules that govern the system, in order to predict the behavior 

of the system” (Baron-Cohen et al., 2005, p.820). Kreutz et al. (2008) expanded this theory onto 

the music domain. The authors conducted a questionnaire study and developed the Music-Em-

pathizing-Music-Systemizing (MEMS) inventory based on their findings. According to Kreutz 

et al. (2008), music systemizers focus more on structural features of a musical piece and appre-

ciate a piece based on their analysis of those features, whereas for music empathizers the emo-

tional content of music is of more relevance and elicits stronger experiences or responses. The 

cognitive style used may vary between individuals as well as between situations. Furthermore, 

differences between professional musicians, amateur musicians and non-musicians were ob-

served: The more experienced an individual is, the higher the tendency for MS. Results for ME 

were not that clear but point towards an interaction with sex. No differences in ME between 

professionals, amateurs and non-musicians were found in male subjects, whereas female pro-

fessionals scored higher in ME than amateurs and non-musicians in at least one of the two 

studies conducted by Kreutz et al. (2008). 

Hence, there might be a connection between the concepts of musicality and MEMS in 

women. It is conceivable that the degree of musicality influences how music is perceived by 

the listener and on which aspects he or she focuses his or her attention. The results found by 

Kreutz et al. (2008) already point towards a connection between musicality and MEMS, 

although the interaction seems to be quite complex, as correlations between experience with 

music were found for ME as well as for MS. It might be possible that individuals high in ME—

who focus on the emotional content of music—score especially high in the subscale Emotions 
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of the Gold-MSI, whereas individuals high in MS—who focus on the structural components of 

musical pieces—score especially high in, e.g., Active Engagement or Musical Training. 

This, in turn, might contribute to the explanation of the results found in this study, which 

point towards a positive effect of music especially in highly musical individuals. If we assume 

that MS and ME both correlate with—at least certain aspects of—musicality, musical system-

izers as well as musical empathizers might profit from listening to music with regards to sub-

jective stress and skin barrier recovery. As already mentioned, distraction can help reducing 

subjective stress because it prevents the individual from ruminating about the stressor. Hence, 

it might be that musical systemizers focus on the analysis of the musical pieces they listen to 

and thus do not ruminate about, e.g., their performance in the TSST, which reduces subjective 

stress, which, in turn, increases skin barrier recovery. Musical emphasizers, on the other hand, 

might profit from music because of alterations in their emotional state: Stress might be reduced 

because feelings of joy, relaxation or being carried away take over, which might lead to better 

skin barrier recovery as well. 

However, these assumptions are speculative and based on theoretical considerations. It 

is up to future studies to unravel the relationship between musicality, the MEMS theory, stress 

and skin barrier recovery. 

In summary it can be said that the results could not directly support the hypothesis that 

individuals who listen to music recover faster from subjective stress and skin impairment than 

a silent control (H1a and H1c). However, the results analysed to find an answer to H2a and H2c—

whether the effects depend on the musicality of the individual—might explain the lack of evi-

dence for H1a and H1c. The analysed data yielded preliminary evidence for H2c, i.e., the individ-

ual who had scored high in the Gold-MSI had better SBR than the individual who had scored 

low. Thus, if we assume that only highly musical individuals profit from a music listening ses-

sion, no effect was to be expected in the first place for H1a and H1c, as the individual of the 

music group who was investigated in the comparison of silence and music had scored low in 

the Gold-MSI. 

However, this study could not show whether the effect found for H2c was caused by 

musicality per se or if other aspects, like the MEMS concept or liking of the music playlist, 

played a role. 

 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

61 

Strengths and Limitations 

To the best of my knowledge, this project was the first to combine music, TEWL and 

subjective stress as well as musicality in one design. Moreover, in a large part of previous stud-

ies subjective stress was operationalized with state anxiety instead of directly asking for sub-

jectively felt stress. Although this is a reasonable approach since anxiety is part of the emotional 

response to a stressful experience (de Witte et al., 2019), we aimed to tackle the phenomenon 

of subjective stress more directly. Therefore, one strength of this research project is that partic-

ipants were asked for their subjective stress level directly and not by means of related concepts 

like anxiety. Furthermore, this study combined subjective and physiological outcomes through 

the investigation of subjective stress and transepidermal water loss. 

Despite the interesting findings, the results are only tentative and come along with sev-

eral limitations. Some of them result directly from the study design. However, the biggest lim-

itation of this study appeared to be the small sample size. Because of the very small sample size 

as well as the fact that only young German speaking women in a specific phase of their men-

strual cycle were tested, the results cannot be generalized to other populations. Furthermore, 

the sample was a convenience sample, which adds to the limited generalizability. As mentioned 

in the theoretical background section of this thesis, statements about effects of musicality can 

only be made in cultures in which individuals are assumed to differ in their degree of musicality 

which is not the case in some countries. Hence, no statements can be made about other cultures 

concerning the effects of musicality on stress and skin barrier recovery, which further limits 

generalizability of this study. 

Although single case analyses have the potential to yield interesting results and serve as 

basis for future research, they do not replace statistical analyses of large samples in studies like 

the one presented in this thesis. To study the effects of music on skin barrier recovery as well 

as the effects of musicality on this relationship, single case studies are not sufficient. It can 

never be ruled out that the results are random. For example, it might be possible that the one 

case studied constitutes an exception or an extreme case, and that the selection of another case 

would yield different results. Hence, the analysis method itself can be seen as limitation. 

One major limitation of this study is that the research project in which it was carried out 

was not designed to test for the hypotheses 2a, 2b and 2c. H1a and H1c could be tested without 

restrictions caused by the project design, but the analysis of H2a and H2c which dealt with mu-

sicality suffered from the fact that inclusion and exclusion criteria for the study project decid-

edly excluded professional musicians or individuals who professionally deal with music in any 

other way (H1b and H2b could not be addressed, either, because of missing salivary cortisol 
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analysis, which will be discussed in detail below). Although it can and should not be said that 

every professional musician is more musical than any other hobby musician anyway, it still can 

be assumed that variance in musicality in the study sample was restricted to some extent due to 

the given exclusion criteria. Moreover, even if they had not been excluded, the Gold-MSI prob-

ably would not have been able to differentiate precisely in the upper extremes as this question-

naire, which tests for “the musicality of non-musicians” (Müllensiefen et al., 2014, p.1), was 

not constructed for this purpose. Furthermore, in the studied sample variance was not only lim-

ited in the upper values but in the lower values as well. None of the participants scored ex-

tremely low (i.e. ≤25th percentile) in the Gold-MSI. However, this seems to be an insignificant 

limitation, as the results even revealed an effect of musicality in the comparison of a highly 

musical and a mediocre musical participant. 

Although the playlists used in the study were created conscientiously and tested for their 

effectiveness, the design is still afflicted with some limitations regarding the chosen music. 

First, only low tempo music was used, therefore no propositions can be made about stimulating 

music. Second, participants did not choose every single piece they wanted to listen to but could 

only decide between existing playlists of different genres. Thus, it was possible that a playlist 

contained pieces that the participants liked and others that they did not. Additional to that, the 

playlists were exactly 30 minutes long, which means that participants did not have the possibil-

ity to skip a piece in case they did not like it, as the music listening session had to last exactly 

30 minutes. As the degree of liking for the music was found to be crucial for the effectiveness 

of musical interventions (Stratton & Zalanowski, 1984), this must be seen as limitation. 

Another major limitation of this study is the lack of analysis of salivary cortisol values. 

At the time of completion of this master’s thesis, saliva samples have not been analysed yet. 

Hence, H1b and H2b could not be addressed in the analysis. As described at the beginning of this 

thesis, it is assumed that cortisol mediates the negative effects of psychological stress on skin 

barrier recovery. Analysing cortisol in this study would have offered the opportunity to directly 

test for the relationship between stress, cortisol, and transepidermal water loss. Unfortunately, 

this was not possible as part of this master’s thesis but will be done in the further course of the 

research project. 

One of the biggest limitations of this study appeared to be the fluctuations of the TEWL 

values in unexpected directions and the sometimes insufficient impairment of the skin barrier, 

which lead to odd SBR courses, exclusion of single measurement sites, or even exclusion of 

participants. In single case studies, such anomalies come to bear heavily.  
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Finally, the instrument used for the measurement of subjective stress—one single item 

that had to be answered with a visual analogue scale—can be criticized. As already mentioned 

above, the VAS is not an objective measure of stress, but participants indicate their subjectively 

felt stress level on their own. This implicates that each participant has their own reference point 

for what is extreme high and extreme low stress. Thus, we cannot be absolutely sure that true 

subjective stress values are displayed reliably, without any bias, and validly. 

 

Future Directions 

Despite the limitations of this pilot study, the results could serve as a basis for further 

research on how music affects skin barrier recovery and the interactions of this relationship 

with stress and musicality. The first step towards this goal will be the continuation of this re-

search project with a larger sample which will yield more insights into this issue. With a larger 

sample, greater variance in musicality can be expected and powerful statistical analyses can be 

performed. Moreover, cortisol analyses are crucial for the understanding of the underlying 

mechanisms and should therefore always be taken into account in studies investigating the re-

lationship between music, stress and skin barrier recovery. 

Additionally, to gain more insights into the underlying mechanisms of the relationship 

between music, stress and skin barrier recovery, it would be interesting to not only investigate 

cortisol but immune markers found in blood samples as well to test for the role of the immune 

system in the music-stress-skin barrier recovery pathway. This knowledge can then be used as 

a starting point for further research testing for other health outcomes, like skin diseases, cancer, 

or other diseases related to impaired immune system function. 

As already described in the discussion, a potentially influencing factor for the relation-

ship between music, stress and SBR is the MEMS-theory (Kreutz et al., 2008). Future research 

should take this into account and also study the relationship between musicality and MEMS. 

Furthermore, it would be interesting to investigate whether differences exist between the single 

subscales of the Gold-MSI in their power to influence how music affects stress and SBR, as 

this was not investigated in this study. 

One limitation of this study is restricted generalizability, mostly due to the given inclu-

sion criteria. Future studies should also include other populations of different gender, age, cul-

ture or phases of their menstrual cycle, like the luteal phase. Furthermore, professional musi-

cians should not be excluded from the study as investigating extreme populations could yield 

more insight into the relationship between music, musicality and health. Moreover, further 
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studies should test the effects of music on skin barrier recovery for other types of music, for 

example stimulating music, which was not included in this study, or self-selected music. 

Knowledge gained from such studies could be used to develop tailored interventions for 

specific clinical populations. Therefore, it is interesting to investigate if only highly musical 

individuals profit from musical interventions subjectively as well as biologically and physi-

cally, or if such interventions can be applied to broader populations. This issue was already 

tackled in this research project. The results seem to provide some first indications that music 

has positive effects on health most of all in highly musical individuals. However, as already 

discussed, this should also be studied more comprehensively in a larger sample. 

As mentioned by de Witte et al. (2019), music might have the potential to replace anxi-

olytic medication, at least in some populations and under certain circumstances. Future research 

should investigate this issue and compare the effectiveness of music versus medication in pa-

tients who find themselves in stressful circumstances, like preoperative patients. 

 

Conclusion 

The presented results do not support the hypothesis that individuals who listen to music 

after experiencing experimentally induced acute stress profit more from a music listening ses-

sion regarding the recovery in subjective stress and skin barrier recovery than individuals of a 

silent control group. The analysis of salivary cortisol is still pending. 

The hypothesis that highly musical individuals recover faster than less musical individ-

uals from subjectively felt stress after a music listening session could not be confirmed, either. 

However, preliminary evidence could be found that music has a stronger positive effect on skin 

barrier recovery in highly musical individuals than in less musical individuals. Future studies 

should test these hypotheses more comprehensively and in larger samples. 
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Appendix 

Appendix telephone screening guideline 

 

 

Telefoninterview Leitfaden: Studie „Stress und Musik- oder Hörbuchhören“ 

 

Guten Tag, ich heiße [Name des Interviewers]. Könnte ich bitte mit <Name> sprechen?  

[Falls ja]: Ich bin MitarbeiterIn der Abteilung für Klinische Psychologie der Universität Wien, Sie haben 

sich interessiert, an einer Studie zum Thema „Stress und Musik- oder Hörbuchhören“ teilzunehmen. 

Im Zuge dessen würde ich Ihnen gern einige Fragen stellen. 

Bevor wir anfangen, möchte ich Ihnen noch einige Informationen geben. Ich lese Ihnen jetzt eine stan-

dardisierte Einleitung zur Studie vor. Das Interview wird ca. 10-20 Minuten Zeit in Anspruch nehmen 

[falls die Teilnehmerin gerade keine Zeit hat, einen anderen Termin vereinbaren]. Die an Sie gestellten 

Fragen werden sich inhaltlich auf Ihre Person, Ihre Gesundheit und medizinische Informationen kon-

zentrieren. Ihre Angaben werden selbstverständlich vertraulich behandelt. Die hier gesammelten Da-

ten werden ausschließlich von Mitarbeitern der Studie bearbeitet. Sie können jederzeit entscheiden, 

bestimmte Fragen nicht zu beantworten oder das Interview abzubrechen. Dieses Interview soll uns 

helfen zu entscheiden, ob Sie eine geeignete Kandidatin für die Studie sind. Wenn Sie alle Kriterien 

erfüllen, werden wir im Anschluss an das Interview einen weiteren Termin vereinbaren.      

Wenn Sie noch weitere Fragen bezüglich Ihrer Rechte in dieser Studie haben, kann ich Ihnen gerne 

die Nummer des verantwortlichen Projektleiters geben, Prof. Dr. Urs Nater. Auch wenn Sie insgesamt 

noch weitere Fragen zu der Studie haben, können Sie Prof. Urs Nater an der Abteilung für Klinische 

Psychologie anrufen. Die Nummer kann ich Ihnen auch zukommen lassen.   

(Univ. Prof. Dr. Urs Nater: +43 (1) 4277/47220) 

INTERVIEWER:  Haben Sie die Instruktionen verstanden? [bestätigen]  

 JA: [weitermachen]  

 NEIN: [die Instruktionen erneut vorlesen] 

 

Sind Sie damit einverstanden, an diesem Interview teilzunehmen? 

JA: [weitermachen]  

 NEIN: [Ausschluss – Screening beenden] 
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Interviewer [Kürzel] ______________________ 

 

Screening-Code für Telefoninterview [Kürzel_Datum_Nr] 

_____________________________________ 

 

Wie sind sie auf die Studie aufmerksam geworden? 

 

_____________________________________ 

 

Welches Geschlecht haben Sie? 

□ weiblich 

□ männlich [Ausschluss]   □ anderes: ________ [Ausschluss] 

 

Ausschluss anderes Geschlecht:  

Vielen Dank für Ihre Antwort.  

Wir sind uns bewusst, dass Geschlecht ein dimensionales Konstrukt ist. Da wir jedoch im Rahmen un-

serer Studie biologische Daten erheben, die durch Geschlechtshormone beeinflusst werden, ist es für 

unsere Studie unabdingbar, dass sich die Interessentinnen und Interessenten eindeutig einem biologi-

schen Geschlecht zuordnen. Anderenfalls sind die biologischen Daten für uns nicht auswertbar.  

Daher bitten wir um Ihr Verständnis, dass Sie die Kriterien für den Studieneinschluss nicht erfüllen und 

keine weiteren Termine auf Sie zukommen werden.  

Falls Sie noch irgendwelche Fragen haben, können Sie uns gerne kontaktieren.  

Vielen Dank! 

 

Wie alt sind Sie? 

 _____ (Einschluss 18-35 Jahre) 

Wann ist Ihr Geburtsdatum? 

 ____________________   

 

BMI: Wieviel wiegen Sie und wie groß sind Sie?  

Größe _________ cm 

Gewicht _________ kg 

BMI = Gewicht/Größe² (Einschluss 15-30) 

BMI in Rekrutierung.xlxs im Reiter „BMI“ berechnen  
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Sind Sie schwanger oder stillen Sie derzeit?  

□ Nein  

□ Ja [Ausschluss]  

 

Sind Sie professionelle Musikerin, studieren Sie Musik bzw. Musikwissenschaften, oder beschäfti-

gen Sie sich ansonsten beruflich mit Musik (z.B. Tontechnikerin, Verkäuferin in Instrumentenge-

schäft, Musiklehrerin)? 

 □ Nein 

 □ Ja [Ausschluss] 

 

Haben Sie ein absolutes Gehör? 

 □ Nein 

 □ Ja [Ausschluss] 

 

Rauchen Sie? 

□ Nein  

□ Ja, nur am Wochenende, Party-/Gelegenheitsraucher? 

  → solange nicht zu regelmäßig → nächste Frage 

□ Ja, regelmäßig [Ausschluss] 

Können Sie dreieinhalb Stunden nicht rauchen, ohne dass Sie Entzugserscheinungen oder starkes 

Verlangen nach einer Zigarette verspüren? 

 □ Ja 

□ Nein [Ausschluss] 

 

Trinken Sie regelmäßig Alkohol? (Substanzmissbrauch innerhalb der letzten 2 Jahren regelmäßiger 

bzw. übermäßiger Konsum [♀≥8]) 1 = kleines Getränk (z.B. 0,33l Bier oder 1/8 Wein) 

 □ Nein 

 □ Ja, Substanzmissbrauch > 2 Jahre; < 8 Getränke (1 = kleines Getränk (z.B. 0,33l Bier oder 

1/8 

 Wein) 

 □ Ja, Substanzmissbrauch < 2 Jahre; ≥ 8 Getränke 
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Nehmen Sie Drogen oder psychoaktive Substanzen (z.B. Amphetamine, MDMA, Barbiturate, Can-

nabinoide, Benzodiazepine, Kokain, Opiate)?  

□ Nein  

□ Ja, Cannabis > 2 Wochen und Andere > 1 Jahr  

□ Ja, Cannabis < 2 Wochen und oder Andere < 1 Jahr [Ausschluss] 

 

Nehmen Sie regelmäßig Medikamente?  

(UNSICHER: Bitte bringen Sie Ihre Medikamente zum Telefon und lesen Sie sie mir vor)  

□ Nein 

□ Ja, Psychopharmaka > 2 Wochen 

□ Ja, Psychopharmaka [Ausschluss] 

□ Ja, Herz-Medikamente (z.B. Betablocker) [Ausschluss] 

□ Ja, immunosuppressive Medikamente (z.B. Prednison) [Ausschluss} 

□ Ja, nämlich ________________________ (Abklären) → [Ausschluss?] 

 

Nehmen Sie regelmäßig Medikamente, die einen Einfluss auf den Hormonhaushalt haben, oder 

auch hormonhaltige Kontrazeptiva, wie z.B. die Pille? 

(UNSICHER: Bitte bringen Sie Ihre Medikamente zum Telefon und lesen Sie sie mir vor)  

□ Nein 

□ Ja, Hormonelle Kontrazeptiva (z.B. "Pille") → [Ausschluss] 

□ Ja, nämlich ________________________ (Abklären) → [Ausschluss?] 

 

Ist Ihre Periode in etwa regelmäßig / mehr oder weniger regelmäßig? 

 □ Ja 

 □ Nein, starke Schwankungen [Ausschluss] 

→ Kennen Sie den Grund Ihrer unregelmäßigen Periode? 

□ Nein 

□ Unsicher 

□ Peri-Menopause (letzte Blutung innerhalb des letzten Jahres her) 

□ Post-Menopause (letzte Blutung länger als 1 Jahr her) 

□ Ja, anderer Grund: ________________ 
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Sind Sie zurzeit gesund (keine Grippe, Erkältung)? 

 □ Nein [Ausschluss] 

 □ Ja  

 

Leiden Sie an einer chronischen körperlichen Erkrankung? 

□ Nein  

□ Ja, nämlich ________________ (Abklären) → [Ausschluss ?] 

→ Liste auf nachfolgender Seite vorlesen und ankreuzen.  
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Krankheiten-Liste: 

Nein Ja  

□ □ Schädigungen des Gehörs (Bsp.: Hörbeeinträchtigung oder chronischer Tinnitus) 

□ □ Chronische oder akute entzündliche Hauterkrankungen 

□ □ Allergien/Überempfindlichkeitsreaktionen (Medikamente, Pflaster, Latexhand-
schuhe, Heuschnupfen, Gräser, Pollen) 

□ □ Herzerkrankungen (Bsp.: koronare Herzerkrankung, Angina pectoris, Herzinfarkt, 
Herzrhythmusstörungen, Herzfehler, Herzinsuffizienz) 

□ □ Lungen- und Atemwegserkrankungen (Bsp.: Lungenentzündung, Asthma, chroni-
sche Bronchitis, Tuberkulose) 

□ □ Lebererkrankungen (Bsp.: Hepatitis, Gelbsucht, Leberverfettung) 

□ □ Bluthochdruck oder extrem niedriger Blutdruck 

□ □ Chronischer Schmerz 

□ □ Nieren- und Harnwegserkrankungen (Nieren-/Nierenbeckenentzündung, Nieren-
/Blasensteine) 

□ □ Stoffwechselerkrankungen (Bsp.: Diabetes mellitus, Hypercholesterinämie, Hyperur-
icämie) 

□ □ Erkrankungen des Verdauungstraktes (Bsp.: Magenerkrankungen, chronische Dar-
merkrankungen) 

□ □ Neurologische Erkrankungen 

□ □ Infektionserkrankungen (Bsp: HIV, Hep., TBC) 

□ □ Schilddrüsenerkrankungen 

□ □ Autoimmunerkrankungen (Bsp: Rheumatische E., Gastritis A, Neurodermitis, Schild-
drüsen, MS) 

□ □ Erkrankungen des Skelettsystems/ Muskelerkrankungen 

□ □ Bluterkrankungen (Bsp.: entstehen blaue Flecken auch ohne besonderen Anlass, 
Anämie) 

□ □ Tropenaufenthalt die letzten 6 Monate 

□ □ Impfungen die letzten 2 Wochen 

□ □ (Zahn-)OPs in den letzten 8 Wochen (Narkose, Art des Eingriffs, ausstehende Hei-
lung) 

□ □ Sonstige Besonderheiten (Bsp.: Hauterkrankungen, Tumorerkrankungen, Hirnhaut-
entzündung, Unfall) 
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Haben Sie eine Allergie gegen Pflaster oder Klebestreifen? 

 □ Nein 

 □ Ja [Ausschluss] 

 

Haben Sie Ekzeme / Hautausschlag, Verbrennungen oder Ähnliches am volaren (inneren) Unter-

arm? 

 □ Nein 

 □ Ja [Ausschluss] 

 

Sind Sie blind oder in Ihrer Sehfähigkeit stark eingeschränkt?  

 

(Anmerkung: starke Einschränkung, die nicht durch eine Brille/Kontaktlinsen behebbar ist) 

 

(Anmerkung: eventuell abklären, ob Sehkraft soweit erhalten ist, dass ein selbständiges Ausfüllen der 

Fragebögen problemlos möglich ist UND Seh-Einschränkung nicht ab der Kindheit bestehen, da Ge-

hör vermutlich dann besser geschult) 

 □ Nein 

 □ Ja, blind / wesentlich eingeschränkt [Ausschluss] 

 □ Unsicher (im Team besprechen), Grund: _______________________________________ 

 

Leiden Sie aktuell unter einer diagnostizierten psychischen Störung? 

 □ Nein 

□ Ja, aktuelle Major Depression oder Angststörung [Ausschluss] 

□ Ja, aktuelle Essstörung (innerhalb der letzten 5 Jahre) [Ausschluss] 

□ Ja, Psychose/Schizophrenie [Ausschluss] 

□ Ja, andere: _____________________________ [Ausschluss?] 

 

Waren Sie jemals in psychotherapeutischer Behandlung? 

 □ Nein 

 □ Ja 

→ Warum und wann wurden Sie behandelt? 

 □ Derzeitige Major Depression oder Angststörung 

 □ Ein anderes psychologisches Problem, bitte beschreiben (falls unsicher, im Team abklären): 

 _______________________________________ 
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Sprachkenntnisse: Nachfragen, falls nicht offensichtlich, dass Deutsch beherrscht wird. 

Ist Deutsch Ihre Muttersprache / Sprechen sie flüssig Deutsch? 

 □ Ja 

□ Nein [Ausschluss] 

 

Vorerfahrung mit Stresstests 

Haben Sie Vorerfahrungen mit Stresstests (z.B. Studium/Vorlesung, Studienteilnahme)?  

□ Nein  

□ Ja 

Falls „Ja“, bitte beschreiben Sie die Stressaufgabe. Wie sah diese Aufgabe aus? 

□ TSST [Ausschluss] 

□ andere Stressaufgabe 

 

Kennen Sie jemanden, der/die bei der Studie mitwirkt? Wenn ja, wen? 

________________________________________________________ 

 

Finale Entscheidung: 

□ Einschluss 

□ Ausschluss 

 

Bei Ausschluss: Dürfen wir Sie ggf. noch einmal einladen? 

□ Ja 

□ Nein 

 

 

Bei Eignung und Einverständnis zur Teilnahme seitens des Probanden: 

Movisens/ Brustgurt: 

Es folgen nun noch ein paar Informationen und Fragen zum Ablauf der Testung. Im Rahmen der Stu-

die werden wir Sie bitten, Fragebögen auszufüllen und Speichelproben zu sammeln, um darin biologi-

sche Maße wie das Stresshormon Cortisol zu bestimmen. Außerdem möchten wir Ihre Herzfrequenz 

erfassen und würden Sie daher bitten, für die Zeit der Testung einen Brustgurt zu tragen.  
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Dafür müssten Sie kurz Ihr T-Shirt anheben. Ist dies für Sie in Ordnung? Ist es außerdem in Ord-

nung, dass die Versuchsleitung, welche männlich oder weiblich sein kann, Ihnen diesen Brust-

gurt anlegt? 

□ Ja  □ Nein 

 

Tape Stripping: 

Außerdem führen wir eine Messung der Haut durch. Dafür ist es notwendig, dass wir vor der Testung 

eine kleine Stelle des inneren Unterarms rasieren (in den meisten Fällen befinden sich auch ohne Ra-

sieren keine sichtbaren Haare an dieser Stelle). Ist das für Sie in Ordnung? 

□ Ja  □ Nein 

 

Für die Messung der Haut am Testtag ist es für uns wichtig zu wissen, ob sie Links- oder Rechtshän-

derin sind, um entsprechende Vorbereitungen zu treffen. Könnten Sie mir das kurz mitteilen? 

□ Rechts  □ Links 

 

Terminvereinbarung 

Für diese Studie ist es wichtig, dass die Testung in einem bestimmten Zeitraum des Menstruations-

zyklus stattfindet, der Follikelphase. Optimaler Weise in der zweiten Hälfte der Follikelphase, welche 

4-7 Tage nach der Menstruation beginnt. Um diesbezüglich einen Termin für die Testung zu vereinba-

ren, bräuchte Ich noch folgende Angaben: 

 Durchschnittliche Zykluslänge ________ Tage 

 Durchschnittliche Menstruationslänge ___________ Tage 

 Zeitpunkt des letzten Menstruationsbeginns _______________ (Datum) 

 

Zeitraum in File „Menstrual cycle – Testzeitraumkalkulator.xls““ berechnen 

 

  

→ Möglicher Zeitraum von ____________ bis ____________ 

 

Bei Einschluss: Vielen Dank! Sie bekommen von mir jetzt noch eine Mail mit dem Link für den Online-

Fragebogen. Wenn Sie möchten, können wir uns direkt einen Termin ausmachen. Hätten Sie am xxx. 

von 13:00 bis 17:00 Zeit?  
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Appendix study information and informed consent 
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Appendix Goldsmiths Musical Sophistication Index (Gold-MSI) German version 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

87 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

88 

 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

89 



MUSICALITY, STRESS AND SKIN BARRIER RECOVERY 

90 

Appendix data norms for the German version of the Gold-MSI 

 

 

Source: Schaal, Bauer, and Müllensiefen (2014) 
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Appendix Visual Analogue Scale (VAS) for subjective stress 

 

  


