Lniversitat
wien

MASTERARBEIT / MASTER’S THESIS

Titel der Masterarbeit / Title of the Master‘s Thesis

,,Experimental induction of social isolation: the effects on
emotional states and stress responses*

verfasst von / submitted by

Riccarda Baur, BSc

angestrebter akademischer Grad / in partial fulfilment of the requirements for the degree of

Master of Science (MSc)

Wien, 2021 / Vienna 2021

Studienkennzahl 1t. Studienblatt / UA 066 840
degree programme code as it appears on
the student record sheet:

Studienrichtung It. Studienblatt / Masterstudium Psychologie UG2002
degree programme as it appears on
the student record sheet:

Betreut von / Supervisor: Assoz. Prof. Giorgia Silani, Privatdoz. PhD



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS 3

Acknowledgments:

First, I want to thank my thesis advisor PhD Girogia Silani for her support. She was
always open for questions and gave important recommendations. Not only on a professional
level it was great to have PhD Girogia Silani as a supervisor also on a personal level she was

constantly very friendly and helpful.

Many thanks go also to Ana Stijovic who gave me the chance to participate in her
great PhD study. She was a constant help and supportive with every little problem that ap-
peared in the process of writing my thesis. I thank you very much it was a pleasure working

with you on the project.

I want to thank my mother for her unconditional support throughout my whole educa-
tional career. Your encouragement and strong belief in my skills was always a strong motiva-
tor and reassurance. In addition, I want to thank my brothers for leading me to Vienna and

always supporting me with all little things that I needed help with as a little sister.

A big thank you goes to my very precious friends. Tatiana Corvisier thank you for
your very motivational words, always believing in me and your valuable feedback. Paulina
Wiegand, I want to thank you for your help in the process of writing my thesis and your great
comments. Antonia Schroder I thank you for your constant emotional support and encour-
agement throughout the whole process. I also want to thank every other friend who always

supported and motivated me on my way to my graduation.

Lastly, I want to thank Ludovico Lombardo your help was essential for me while writ-
ing my thesis and I thank you so very much. Your professional advice and personal support

are encouraging and so appreciated.

I consider myself very lucky having had so much support on my way to become a

Psychologist. Thank you very much!



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS 5

Table of content

1. INTrOAUCTION .ccueiineiiteniticsnenseecsnensnecssessnesssnsssnssssesssessssesssnssssesssassssesssassssesssnssssesssasssssssase 8
2. S0CIAl ISOIATION c..uueeeniieneniientiniteitenneectenseessensnesssesssnesssesssnssssesssnsssseessassssesssassssesssasssansss 9
2.1. EvOlUtionary PeISPECLIVE ......eeruiieiieriieetieiieeieerite et e siteeteestteebeebeessbeeseesnseeseesnseeseens 10
2.2. Social 1S01ation as @ MOLIVALOT ........ccuieiieriieeieeniie et e riee et estee e eteesaeenaeesbeebeessneeseens 12
3. Effects of SOCIal ISOIALION ..ccuueeeeeisirisueninnisninsennsnensnensnensnenssessssesssessssesssessssessssssssssssasanne 14
3.1. Effects of social isolation in animal StUdIes ...........ceeceeriiiriiiniieiiecie e 14
3.2. Physical effects of social isolation in humans ..............cecceeeiieriienieniiieiiecieeeesie e 15
3.3. Psychological and behavioural effects of social isolation in humans ..............c............ 15
3.4. Influences of social isolation on cognitive fUnCtions ............ccccueevveerveeiiienieeniienieeeeens 17
4. EMOtIONA] STATES «.eeeveeeruiriineniennsenssenisnensnncssenssnesssessssesssesssesssnsssssssssssssssssasssssssassssassssasanns 17
4.1. Characteristics Of €MOTIONS ........cccuieriieriieiiieiieeie et ete et e et e et e e e seae et e saaeebeesenes 18
4.2. Neurological processes underlying mood States...........ccceceeeiieiieniienienieerieeee e 19
4.3. Impact of social factors on mood states in humans ............ccccceeeveeiierienieesienieeceee. 20
5. SEFESS wurrreeirreeisrecsnnssnniseecsssecssnssssnssseesssesssnssssssssessssesssssssassssassssessasssssssssassssssssssssassssasssassaass 21
5.1. Physical processes dUIING SIIESS ......c.eevuiieriierieeiiieniieeiteeneeesteesteereesseeeseessaeeseessneenseens 23
5.2. PSYChOLOZICAL STIESS ....eeeuiiiiiieiieiieeiieiee ettt ettt ettt e st eebeesaaeesbeessneenseens 26
5.3. Effects of social isolation on stress responses in animal studies............ccoeceeerueerieennnnns 27
5.4. Effects of social isolation on stress responses in human studies............ccoeceeerueerieennnns 28
6. Research gaps in the state of the art...........cceiienviiiiviiiiseinssninssninsnnessssncssencssssncssssscnes 28
7. Research questions and hypothesis .......cocievveicivnicnsrinisnicssnnisssencssssnesssncsssncssssscssssncnes 30
7.1, Main RYPOTRESIS.....viiiiiiiieiieeieee ettt ettt ettt et e taeeteessaeesbeessneenseens 31
7.2, SUD-NYPOTRESIS. ...ttt ettt e et e st eebeesaaeesbeessneenseens 32
8. MEtROAS....uueeeniieniiiiiinenniicninsnenneestecsseisaesssessssecssnsssassssessssesssnssssssssassssssssssssassssasssssaass 32

L. SUDJECLS ..ttt ettt ettt et e e e bt e tb e et e e enaeenbeesnbeentaeenaeenne 32



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS 6

8.2, INCIUAING CTILRIIA. ....uvieiiieiieeiie ettt ettt etee s ate et esebeenseesnaeenne 33
8.3 EXPEITMENL.....cuuiiiiiiiiieeiiieiieeie ettt ettt ettt et e st eetee st e esbeassbeenseeenaeenbeessseenseennseenne 34
8.3.1. EXperimental STUAY .............ccoccueiiiiiiiiiieee e 34
8.3.2. REOCTUTIINENL ...ttt ettt et e e e e e 37
8.3.3. Location & EQUIDIENL ...........cc..covouuiaiiieeiiie ettt 37
8.4. PhysSiolo@iCal MEASUIES.......cccvieiiieiiieiiecie ettt ettt ettt e et e et e s ebeeseeenae e 39
8.5. Self-report QUESTIONNAITES .....c.eeveriieieeieriieieete sttt ettt st nees 39
8.6. Executive fUnCtion tasks .......c..coouerieriiiinienieiieseeeeee e 42
9. Analytic plan and statistical Methods .........ceeevviiisvriisvrinssrinssninssnnisssnncssencssnsncssssncnes 44
0. 1. MISSING AALA....cuuiieiiieiieeii ettt ettt ettt et e st e e bt e abeeabeesseeesbeessbesnseessseenseessseenseens 47
10, RESUILS c.uueeeiureeiniiineninnnseensnessnensnesssessnssssesssnesssnsssassssnssssessssssssssssassssssssssssassssassssassassssassss 47
11, DISCUSSION.cueeerueeisuensnncsaensnessansssnesssesssnssssnsssnssssnssssssssnssssessssssssssssnssssssssssssassssasssssssassssassss 57
L1 1. LAMIEATIONS ¢ttt ettt st sb et st b et ss bt e e sbeenaeeane e 61
11.2. TMPLHCALIONS ...veieivieiieeiieeie ettt ettt ettt et e st e et e st eenbeesaaeenbeessbeensaesnseenseassneenseens 62
12, REFEIEICES uueeeunerrrensunnisunnsunnnsnenssnesssensnsssseessnesssesssnesssnssssesssnssssssssassssssssssssassssassssessassssassss 64
13, APPENAIX.aueiiiiruriiisnirssrnesssnnesssncssssncssssnsssssssssssssssssesssssssssssssssssessssssssssssssssssssssssssssssssssssssnss 85
13.1. Abstract (ENgliSh):.....coouiiiiieiiii ettt et 85
13.2. ADStract (DEULSCR) .....veiieiiiciiie e e e 86
134, LISt OF TADIES ..ottt st et st 87
13.5. LiSt Of ADDIEVIATIONS ...ceuveruiiiiiiiieiieitieie ettt ettt sttt s 87
13.6. Supplementary Material ..........cccoeiiiiiioiiiiiieee et 89
13.6.1. Timeline of the NEeUtFrAl SESSTON..............c.c.cccueeiieiieiiieeie e 89
13.6.2. Timeline oft the social iSOlAtION SESSTON..............c.ccccvevcuieciaiiiiieiieeie e 90
13.6.3. Manual for ReUtral SESSION...............ccccceeeeiiiieiie et 91
13.6.4. Sheet to schedule the conversations SIOLS.................cccoccevvievciniianieeniieieeen, 105
13.6.5. Food manual including meal options served throughout sessions ..................... 107

3.6.6. RESUILS OVOIVICW ...ttt ettt 108



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS



EFFECTS OF SOCIAL ISOLATION ON MOOD AND STRESS 8

Experimental induction of social isolation:
the effects on emotional states and stress responses

“A person is a person through other persons; you can’t be human in isolation, you are

human only in relationships” - Desmond Tutu.

Social isolation is defined as the absence of relationships, interactions and contacts
with family, friends and neighbours on an individual and with society on a broader level
(Berg & Cassells, 1992) and is experienced very adversely by humans and other social beings.
The lack of interpersonal bonds of humans often co-occurs with worse health and worse well-
being (Baumeister & Leary, 1995; Hawkley & Cacioppo, 2003; Leigh-Hunt et al., 2017) and
the feeling of loneliness increases the risk of premature mortality by twenty-six percent (J. T.
Cacioppo & Cacioppo, 2018a; 2018b). Consequently, humans avoid being socially isolated.
Social affiliation can be considered as a basic need and leads to biologically triggered attach-
ment behaviour to keep the “social homeostasis” (Matthews & Tye, 2019). Social behaviour
might be based on genetically specified programs that detect key stimuli and evoke certain
behaviours (Matthews & Tye, 2019) acting similar like other survival circuits that can gener-
ate a specific response pattern (Le Doux, 2012) and motivate individuals to affiliate with other
people. The evolutionary perspective connects with this view. Already in the early stages of
life, social contact is essential. The attachment from a child to the primary caregiver plays an
important role in humans, for social cognition and the preparation for collaborative existence
(Fonagy & Target, 2005). While shaping certain brain structures, it sets the strong desire in
humans to belong and triggers the motivation to form relationships with others. Belonging to
a social group is essential for the survival of humans and other social species because organ-
isms are highly dependent on each other for meeting their basic needs (Dunbar, 2016). Being
part of a group is a great survival benefit for humans, whereas isolation comes with less sup-
port and less social resources from others. In consequence, humans show automatic adaptive
responses to loneliness, including a higher alertness of the stress regulating system, a lower
consistency of sleep and an increased inflammatory activity (J. T. Cacioppo & Cacioppo,
2018a). These reactions help to survive in hazardous situations that an individual needs to
confront alone. In the long term, these responses, however, can lead to worse health outcome
since a continuous elevated stress response is connected to a lot of negative health conse-
quences (Baba et al., 1998; Juster et al., 2010). This indicates that social isolation represents
an aversive state, which is connected to an increased physiological stress-response inducing a

stressful state for the organism through accelerated cortisol release. (Hawkley et al., 2012). It
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further impacts affective feelings in humans. Social facets as social exclusion, disconnection
or rejection cause similar responses as physical pain (Eisenberger, 2015; 2012; Eisenberger et
al., 2003) implying that missing interactions are felt very aversively. Strong evidence on emo-
tions also comes also from prison studies showing that individuals being in solitary confine-
ment experience affective disorders including anxiety and depression (Gamman, 2001 as cited
in Smith, 2006; Haney, 2003). Already after ten hours of total social isolation, individuals
experience feelings of loneliness and an increased desire for social interactions. As visible in
neuronal images, the substantia nigra (SN) and ventral tegmental area (VTA) show distinct
activation to social deprived cues as short-term isolation (Tomova et al., 2020). The VTA and
SN are cortical regions connected to reward processes (O’Doherty, 2004) indicating that so-
cial isolation elicits the motivation to look for social contact after a ten-hour isolation period
comparable to cravings like hunger (Tomova et al., 2020). This unique study focusing on
forced short-term isolation indicates an immediate response to social isolation within humans.
Nevertheless, research focusing on acute social isolation and its outcome especially on
stress and mood is still scarce, therefore the aim of this thesis is to examine short-term effects,
of induced social isolation and the resulting consequences on emotional states and the physi-
cal stress response. Leading to the two research questions 1. Does an experimentally induced
state of social isolation (lasting for eight hours) lead to an increase in negative mood over
time and in comparison to the neutral state? 2. Does the experimentally induced social isola-
tion (lasting for eight hours) lead to an increase in the physiological stress-response (cortisol)
over time and in comparison to the neutral state? The two main outcomes of interest include
changes in perceived and physical stress responses (cortisol levels) and mood variances. In
addition, effects on executive cognitive abilities, motor speed, subjective desires for social
contact, physical arousal (heart rate) and motivational desires (food, phone, internet) are ex-
amined. Within this experiment social isolation was induced in a controlled setting over eight
hours with the main focus relying on the examination of cortisol levels and the mood response

over time and in comparison to the neutral condition.

2. Social isolation

Social isolation is lack of connections with others and the loss of belonging to a group
(Berg & Cassells, 1992). It can be voluntary or involuntary and is often connected with the
feeling of loneliness. Social isolation can be divided into objective and subjective isolation,
where the first is a quantifiable lack of human contact and the second describes closeness to
the members of one's social network. Both components show a highly correlation with each

other (Taylor et al., 2016). Objective isolation can impact perceived isolation, which is often
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equated with loneliness (Hawkley et al., 2008; Ruiz, 2007). Perceived social isolation com-
prises mainly the quality whereas objective social isolation the quantity of social connections
(Hawkley et al., 2008). Even though both components interact with each other, loneliness can
be impacted by factors unrelated to objective social isolation, including genetics (Boomsma et
al., 2005), childhood environment (Bartels et al., 2008), sociodemographic factors (Hawkley
et al., 2009) and social needs (Dykstra & Fokkema, 2007).

Loneliness has a strong impact on health which might explain the strong focus within
the research community. The mortality risk of lonely individuals rises by forty-five percent. In
comparison, individuals living in a polluted area have a five percent higher risk, obesity re-
sults in a twenty percent higher risk, and an excessive alcohol consumption increases mortali-
ty risk by thirty percent. Loneliness represents the most hazardous impact for humans (Holt-
Lunstad et al., 2010). In a further meta-analysis, similar findings were validated, social isola-
tion led to twenty-nine percent, loneliness to twenty-six percent and living alone to thirty-two
percent higher mortality risk. In this meta-analysis, no differences between objective and sub-
jective isolation could be found and the results were independent from gender or world re-
gion, even though an influence due to previous health conditions was apparent. Furthermore,
the mortality risk was more predictive for individuals under sixty-five (Holt-Lunstad et al.,
2015). Solely objective social isolation caused by the death of the spouses was shown to in-
crease the chances of premature death by twenty-five percent (Elwert & Christakis, 2008).

The better the social network of friends the smaller the chance of getting sick and the
quicker the ability of recovery and longevity (Bzdok & Robin, 2020; Pinquart & Duberstein,
2010; Reblin & Uchino, 2008; Smith & Christakis, 2008). For the mortality risk of cardiovas-
cular diseases, the frequency of social support and the quality of social integration into the
social network comprise the two most influencing variables (Holt-Lunstad et al., 2010). Infer-
ring from the various studies, both subjective and objective isolation impact humans and play

a crucial role in their health.
2.1. Evolutionary perspective

Since social isolation has so much influence on many levels in social beings, research-
ers claim that the need to belong and interact with people evolved in an evolutionary manner
(J. T. Cacioppo & S. Cacioppo, 2018a; J. T. Cacioppo & Patrick, 2009). The evolutionary
point of view argues that humans and other social species have a higher chance of survival
and reproduction if they live in groups and develop genetic and biological mechanisms to

affiliate with others.
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Animal studies strengthen the view of biological predisposition. One of the earliest
studies on this, which is still very important in psychology research, confirmed that an infant
monkey, when separated from his mother and put in a cage with two surrogate mothers, fa-
voured the soft coating surrogate over the wired surrogate which provided food (Harlow,
1958). This finding first implicated that the need for belonging and affection plays a very
prominent role for social organisms, taking precedence over food supply. In another study
with young monkeys, different effects of isolation were addressed, validating that partially or
totally isolated monkeys in the first six months of life showed long-lasting consequences as
self-mutilation behaviour, repetitive cycling, staring and severely disturbed behaviour. After
the isolation, a reintegration with fellow monkeys did not succeed anymore (Harlow et al.,
1965). These findings indicate that social experiences are crucial for the well-being and future
interactions.

The evolutionary perspective is also especially discussed regarding humans, as tod-
dlers have a similar cognitive repertoire for engaging with their environmental surroundings
as chimpanzees but possess more cognitive skills to interact in the social world (Herrmann, et
al., 2007). Large metabolic intensive brains are shown to be linked with social complexity and
evolved differently across species according to social demands (Dunbar & Shultz, 2007).
Linked to that is the feeling of loneliness in humans which is strongly correlated to social iso-
lation (Hawkley et al., 2008; Ruiz, 2007; Taylor et al., 2016). Loneliness can be compared to
a deprived state that signals the individual to seek for social bonds. It embraces an unfulfilled
need, which leads to specific behaviour with the aim to satisfy it (J. T. Cacioppo & S. Caciop-
po, 2018a; J. T. Cacioppo & Patrick, 2009).

Evidence from other biological studies (J. T. Cacioppo & S. Cacioppo 2018a) under-
lines the adaptive value of social affiliation. The body reacts with short-term adaptive re-
sponses in consequence of social isolation (J. T. Cacioppo & S. Cacioppo 2018a). These body
reactions have a short-term survival benefit but can be maladaptive for humans if experienced
chronically (Baba et al., 1998; Juster et al., 2010), explaining the increased mortality risk
(Holt-Lunstad et al., 2015; Holt-Lunstad et al., 2010).

The brain also shows adaptive adjustments to circumstances of social isolation. One
very prominent finding shows that the same brain areas (anterior insular and cingulate cortex)
that are activated during pain are also involved when being lonely (Kross et al., 2011). This
indicates that missing social interactions can be experienced as aversive as other pain trigger-
ing stimuli as they cause similar reactions as the perception of physical pain (Eisenberger,

2015). The feeling of social pain during isolation may have evolved to promote and motivate
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social interaction, which is crucial for reproduction, gene transfer and to diminish selfish anti-
social behaviours in groups (J. T. Cacioppo & Patrick, 2009). Social content might be evolu-
tionarily connected to the pain system due to its survival value (Eisenberger et al., 2003). The
perception of social pain due to loneliness might result in affiliation behaviour, so individuals
are better protected in threatful situations. The feeling of harm to oneself, similar to physical
pain leads to adaptive behaviour which reduces the risk of getting injured and enhances sur-
vival. However, other recent studies also show that social isolation is a more complex process
and is not equivalent to the same neuronal activations as physical pain but connected to com-
plex neural activities (S. Cacioppo et al., 2013).

In summary, inferring from the evolutionary point of view, it becomes evident that
human beings are fundamentally motivated to attach and belong to others and retain interper-

sonal bonds. Social affiliation helps to survive, reproduce and to care better for the offspring.

2.2. Social isolation as a motivator

As described from the evolutionary perspective, social isolation is an aversive state,
which triggers the drive to reinstate the social homeostasis (Matthews & Tye, 2019) when
deprived. It further inflicts socially motivated behaviour and can be driven by positive and
negative valence to either avoid social isolation or to seek for a social reward. After twenty-
four hours of isolation, dopaminergic neurons in the dorsal raphe nucleus (DRN), motivate
rodents to affiliate with others (Matthews et al., 2016). It is not clear if the same neuronal
areas are involved in social and non-social motivated behaviour, but research showed that
social isolation leads to the activation of the ventral striatum, an area that is involved in the
reward processing in humans (O’Doherty, 2004). The reward system includes two main
pathways, the mesolimbic dopamine pathway and the mesocortical pathway. In the meso-
limbic pathway, dopamine neurons are activated in the ventral tegmental area (VTA) of the
brain and project to the nucleus accumbens, a part of the brain which is located in an area that
is strongly linked to reward processing and motivation called the ventral striatum. While ex-
periencing something rewarding or consuming drugs the dopamine neurons in the VTA get
activated and project to the nucleus accumbens in the ventral striatum which leads to a rise of
the dopamine levels in this brain area. Since the mesolimbic dopamine pathway is continuous-
ly activated during the experience of rewards, it is considered the main brain circuit included
in reward processing (Berridge & Kringelbach, 2015; Haber & Knutson, 2010; Klawonn &
Malenka, 2018).

Animal studies suggest that social interactions serve as primary rewards (Angermeier,

1960; Evans et al., 1994; Hiura et al., 2018) which implies that these rewards are themselves
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pleasurable and motivate organisms without further incentives or rewards. It also leads to sig-
nificant neuronal and behavioural changes, especially if isolation is experienced during the
development (Chen & Baram, 2016). Not only is the drive for affiliation increased if animals
experience social isolation, it also triggers the craving for other drugs (Alexander et al., 1978;
Lallai et al., 2016; Raz & Berger, 2010; Venniro et al., 2018; Wolffgramm & Heyne, 1991)
and elevates the desire for food (Schipper et al., 2018).

In humans, the ventral striatum gets activated by rewarding incentives like stimulant
drugs (Leyton, 2007), primary rewards (Wang et al., 2007) like food and sexual behaviour, or
secondary rewards like money (Seymour et al., 2007). It is observed that the reward system,
the well-being and the hypothalamic-pituitary-adrenal axis interact with each other. Individu-
als who show sustained activation in the reward brain areas while exposed to positive stimuli,
reported greater well-being and had less cortisol output (Heller et al., 2013).

Social rewards can lead to similar responses as other rewarding triggers (Aron et al.,
2005; Fliessbach et al., 2007; Rilling et al., 2002), which implies that it motivates humans to
seek affiliation. This stays in line with the view that social isolation also leads to a biological
reaction to reinstate “social homeostasis” (Matthews & Tye, 2019). Similar to other survival
energetic needs like hunger or thirst, social isolation might trigger a chain of physical re-
sponses to countermeasure social deprivation (LeDoux, 2012). For example, the reward-
related region, ventral striatum, records increased activation in lonely individuals compared to
non-lonely people, when seeing pictures of people to whom they have close relationships ver-
sus strangers (Inagaki et al., 2016). This result suggests that lonely individuals show a strong
desire to affiliate with people they are close to, in order to diminish their unpleasant state.
Another reward related structure, the p-opioid receptor system which influences reward be-
haviours, pain perception, social reward processing and bonding was connected to a state-
dependent model of social motivation in the paper of Loseth et al. (2014). Therefore, a nega-
tive motivational state leads to affiliation with safe social contacts for comfort or coping,
whereas a positive motivational state elicits social behaviours as for example testing bounda-
ries or mating with new sex partners which exceed comfort seeking and rather serve pleasure
or challenge reasons (Loseth et al., 2014).

The research signifies that social interactions are connected to the reward system
which guides and motivates individuals. It further interacts with the hormonal system and

plays a very important role for the social behaviour of humans.
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3. Effects of social isolation
3.1. Effects of social isolation in animal studies

Experimentally designed social isolation studies with humans are still scarce and hard
to conduct, but many have been done with animals and showed remarkable results that gave a
further indication for human research. If rodents were isolated for a short period, they dis-
played increased motivation to seek and encounter with other companions (Niesink et al.,
1982; Panksepp & Beatty, 1980). If isolated long-term they showed depressive and anxious
behaviours (Filipovi¢ et al., 2017), and males displayed higher aggression (Karpova et al.,
2016; Matsumoto et al., 2005; Mumtaz et al., 2018).

A big domain of animal studies especially focused on the health consequences of so-
cial isolation. In fruit flies, it results in a decrease of the lifespan (Ruan & Wu, 2008). In pigs,
isolation led to less field activity, an increased basal cortisol concentration and a decreased
lymphocyte proliferation reaction to mitogens (Kanitz et al., 2004). Isolated monkeys show a
higher inflammatory gene expression and a down-regulated antiviral response (Cole et al.,
2015). In experiments with rodents, social isolation led to higher obesity rates and type 2
diabetes (Nonogaki et al., 2007). It further aggravated infarct sizes and oedema in mice and
decreased survival after an experimentally induced stroke (Karelina et al., 2009). It led to in-
creased activation of the sympatho-adrenomedullary response, which is activated in stressful
situations or through stressing stimuli and showed consequences as immobilization and cold
stress in rats (Dronjak et al., 2004). Social isolation also delayed the effects of exercise and it
had consequences on building new nerves (neurogenesis) in adult rats (Stranahan et al., 2006).

Social isolation also impacts other behaviours, like drug intake. Animals showed an
increased ethanol consumption (Hall, 1998; Lallai et al., 2016; Wolffgramm & Heyne, 1991)
and a higher morphine intake (Alexander et al., 1978; Raz & Berger, 2010), when socially
isolated. Only sixty minutes of physical social interactions completely diminished the in-
creased tendency of morphine intake of the isolated rats (Raz & Berger, 2010) and the possi-
bility of social contact prevented self-drug administration (Venniro et al., 2018). Social isola-
tion also influences the food intake, resulting in mice and rats consuming more food and pro-
ducing more adipose tissue mass when isolated (Schipper et al., 2018).

Lastly, social isolation can lead to changes in the brain as shown in a study by Pereda-
Pérez et al. (2013). After six and half months of isolation, female rodents displayed deficits in
contextual fear memory and had a reduced volume of the hippocampal cornu ammonis 1
(CA1) brain structure. This implies that social isolation triggered the shrinkage of a brain area

and the decrease of synaptic levels in parts of the hippocampus. In general animal studies
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helped the understanding of the linkage between social isolation and their consequences
which may affect humans in a similar way. However, studies focusing on objective isolation

in humans are still rare compared to animal research.

3.2. Physical effects of social isolation in humans

Social situation does not only show effects on animals they also have significant con-
sequences on physical and other aspects of humans. Perceived social isolation, as shown in
various studies, increases the mortality risk (Alcaraz et al., 2019; Holt-Lunstad et al., 2015;
Holt-Lunstad et al., 2010). This effect is shown regardless of gender and skin colour (Alcaraz
et al., 2019). It is also associated with lower self-rated physical health (Cornwell & Waite,
2009; Coyle & Dugan, 2012; Miyawaki, 2015) and stronger cognitive impairment (Shankar et
al., 2013; Zunzunegui et al., 2003). Loneliness in humans impacts the sympathetic system and
is connected with lower inflammatory resilience, with less recovery from sleep, higher blood
pressure and less physical ability. In consequence, humans who feel socially isolated have a
higher morbidity and mortality risk (J. T. Cacioppo et al., 2011). This stays in line with ani-
mal studies mentioned above that examined objective social isolation, even though taking into

account that findings in human studies mainly focus on long-term effects.

3.3. Psychological and behavioural effects of social isolation in humans

Social engagements do not exclusively affect physical reactions and drives, they fur-
ther take influence on the perception and cognition of humans and on psychological and be-
havioural aspects. Again, the literature focusing on this topic only examines the perceived
loneliness, since controlled objective studies with humans on objective social isolation are
scarce. Lonely people tend to be more self-centered (J. T. Cacioppo et al., 2017), prefer more
space when it comes to interpersonal interaction (Layden et al., 2018) and have a high motiva-
tion to avoid social situations that could result in negative social consequences (Gable, 2006).
Lonely individuals further focus more on social threats and other negative social stimuli (J. T.
Cacioppo & Hawkley, 2009). They also behave less prosocial (Carlson et al., 1988; William-
son & Clark, 1989) even though when the behaviour is perceived by the society, lonely people
act opposing, more prosocial (Huang et al., 2016). Counterintuitively, lonely individuals are
less motivated to engage in situations with good social outcomes (Gable, 2006). This view
stands in contrast to the social motivation theory which assumes an increased motivation to
affiliate with others (J. T. Cacioppo & Cacioppo, 2018a; Matthews & Tye, 2019). The social
world is experienced more threatening and inflictive by socially isolated individuals, as their

brains are hyper-focused on social threats (J. T. Cacioppo & Hawkley, 2009). Researchers
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could show that manipulations of loneliness led to more anxious feelings, stronger fear of
negative judgement and more coldly acting towards other people (J. T. Cacioppo, 2005). Fur-
thermore, it makes individuals literally feel colder temperatures (Zhong & Leonardelli, 2008)
as presumed by the saying, people acting cold towards someone. The negative attitude to-
wards social interactions may trigger precisely the expected social feared interactions and
validate the view of lonely individuals. Their impressions of other humans are more negative
and behaviours and attitudes less favourable towards them (J. T. Cacioppo, 2005). In conse-
quence, the chance rises that lonely people push others away even though they need and want
to affiliate with them to fulfil their social needs (Romero-Canyas & Downey, 2005). This be-
haviour spiral leads to an infinite loop that can result in more negative views and greater lone-
liness. The experience of being socially isolated further increases attentional, expectancy and
memorial biases that result in a confirmation of their situation. Individuals experience more
and more negative social interactions, which can make an impact on the stress regulatory sys-
tem. A chronic sympathetic stress response to negative social engagements can lead to a cog-
nitive overload, struggle with executive functions and extend to impact the physical health
(Hawkley & Cacioppo, 2003). Loneliness is also connected to mental health and is associated
with higher depressive symptoms (J. T. Cacioppo et al., 2006), whereas social support influ-
ences the general life satisfaction in a positive way (Gow et al., 2007).

In prison studies, significant influences of isolation on the wellbeing of inmates were
examined. Beside animal studies, prison studies provide the opportunity to study social isola-
tion more objectively, since it would be classified immoral to isolate humans for a very long
period in a different context. Solitary confinement of inmates resulted in severe mental health
outcomes, like hallucinations, uncontrolled thought processes, rage (Rhodes, 2004), problems
with their concentration, stomach and muscle pain, anxiety, sleeplessness and depression
(Gamman, 2001 as cited in Smith, 2006). More than fifty percent of inmates in pre-trial soli-
tary confinement suffered from depression and thirteen percent showed self-mutilating behav-
iour. Almost all of the subjects showed adverse symptoms as a consequence after four weeks
isolation (Gamman, 2001 as cited in Smith, 2006). Forty-three percent of isolated prisoners
experienced aversive symptoms after just under forty hours (Stang et al., 2003 as cited in
Smith, 2006). In a study by Haney (2003), more precise probabilities underlined the psycho-
logical health problems. Ninety-one percent of socially isolated prisoners experienced anxiety
and nervousness, seventy percent described their well-being on the edge of a mental break-
down and seventy-seven percent suffered from chronic depression. The majority experienced

several of those symptoms at the same time.
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3.4. Influences of social isolation on cognitive functions

Social isolation has also an impact on cognitive functions. Previous research validated
that loneliness results in a generally worse cognitive performance, less executive cognitive
abilities and quicker cognitive degeneration (Gow et al., 2007; Wilson et al., 2007). Objective
social isolation has not shown so clear results of social interactions on cognitive functioning,
but animal studies focused more on evaluating this connection. Social isolation diminished the
learning effect in rats that needed the inhibition of previously learned content like reversal
learning or extinction (Schrijver et al., 2004). It further impacted latent learning performance
in mice (Ouchi et al., 2013) the latent inhibition in rats (Shao et al., 2013) and memory con-
solidation (Pereda-Perez et al., 2013). It is stated though that loneliness rather than objective
isolation leads to cognitive consequences in humans (Gow et al., 2007; Wilson et al., 2007).
This experiment intended to clear up this connection between objective isolation, perceived

isolation and cognitive effects.

4. Emotional states

Emotions take a very important role in human life, they help in creating relationships
with others, are crucial for communication in social situations and influence the maintenance
of health during a disease (Davidson et al., 2003). This importance was not always validated
in the research community, as emotions were out of sight in the period of behaviourism, be-
cause it was not possible to study them objectively (Skinner, 1976). They were perceived as
inferior to the visual behavioural aspects of humans and considered as vague, subjective and
not as precise as cognition and reasoning. Newer technologies, however, allow integrating
emotions with cognitive neuroscience. This research is recognized as objective and implies
that attention, memory and decision making is affected by emotions. Therefore, emotions are
impacting cognition and cognition is impacting emotions (Lewis, 2005).

Emotion is a complex construct which is still lacking a single valid and extensive defi-
nition. One prominent description defines emotion regarding its characteristics. Therefore, an
emotion is an object-orientated, involuntary triggered affective reaction that is associated with
temporary changes of the behaviour and experience (Rotermund & Eder, 2011, p. 166). The
word originates from the Latin word emovere and means to set something into motion. In this
respect, the terms feelings, mood and affect are very important. The subjective perception of
emotion is described as a feeling. Whereas affect often refers to the whole topic around emo-
tions and includes feelings, moods and emotions. It is very often also used as a synonym of

emotion (Rotermund & Eder, 2011). Mood moreover describes a less extensive state of emo-
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tion which lasts over a longer period. Mood incorporates a main interest in this study and
comprises a more chronic perception of an emotion (Rotermund & Eder, 2011), which is also
described as emotional state in this thesis.

The use of the words emotion, affect, feeling, and mood are often not clearly distinc-
tive and complicate the discourse about this topic. The overall acceptance of all definitions is
that emotions comprise a physical reaction and a conscious sensation of a feeling (Iversen et
al., 2000; Rotermund & Eder, 2011). The experience of emotion includes physical arousal,
feeling, behaviour, cognition and motivation (Rotermund & Eder, 2011). How these elements
produce an emotion is differently assumed by researchers (Cannon, 1927; James, 1884; Laza-
rus, 1982; Schachter & Singer, 1962). For this study, mood, as well as physical and motiva-
tional changes of participants, are monitored which are all crucial aspects of emotions and

influence each other.

4.1. Characteristics of emotions

Emotions have two different dimensions, first the valence of an emotion and second
the arousal. The valence covers the aspect of the positivity and negativity of emotion or mood,
whereas the arousal describes the intensity. Positive emotions are experienced pleasant, nega-
tive emotions are perceived as unpleasant and either have a high or low intensity (arousal)
(Barrett & Russel, 1999).

Emotions serve humans to evaluate the relevance of a stimulus, where to focus the
attention, to monitor environmental aspects, to give feedback about progress in coming closer
to a set goal and as a general feedback-system that gives information about consequences af-
ter actions (Rotermund & Eder, 2011). Stimuli that incorporate emotional value attract the
attention of humans more than stimuli without emotional value (Anderson & Shimamura,
2005) and the detachment from emotional stimuli is more difficult (Yiend, 2010). Emotions
also influence the memory, probably due to the increased attention focus. Emotional stimuli
inherit a higher salience which enhances the persistence of memories (Rotermund & Eder,
2011). Furthermore, they have more distinct characteristics (Edery-Halpern & Nachson,
2004), lead to a higher retrieval from memory (Walker et al., 2009) and have a higher proba-
bility to consolidate in the long-term memory (Levine & Edelstein, 2009). The surrounding
circumstances of highly emotional loaded memories will fade away even if they are about
catastrophic incidents (Talarico & Rubin, 2003), which contradicts the concept of flashbulb
memories (Brown & Kulik, 1977). Another important factor of emotions is the guidance of
behaviour and the influential impact on decisions or judgements (Baumeister et al., 2007).

Emotions can be anticipated for a specific incident and direct the behaviour. Aim-directed
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emotions give notice of the status quo regarding a set goal, lead the continuing behaviour and
have a strong impact on decisions as an intuitive experience of negative or positive feelings.
The actual emotional state of a human can also guide the decision of a general judgement in
case of uncertain circumstances (Schwarz & Clore, 1983).

However, the most important role of emotions lay in the functions of social interac-
tion. Emotions serve as a regulative mediator in interpersonal situations. They give crucial
signals for other social counterparts. A smile can serve as an indication of happiness, of reas-
surance, or to loosen up a relationship and therefore does not necessarily indicate simply a
positive mood (Kraut & Johnston, 1979). Emotions can hold a lot of different meanings and
are crucial during social interactions. They give guidance in stimulating environments, direct

the attention and set importance to different inputs.

4.2. Neurological processes underlying mood states

As with most psychological topics, neurological processes play an important part to
get a broader understanding of the subject. This is why a short overview of neurological con-
tents around emotions and moods are presented in this paragraph. Emotions are thought to be
processed in specific brain areas. The first proof to underline this view came after lesions
studies on the temporal lobe and the amygdala resulted in altered emotional responses (Kliiver
& Bucy, 1997). After many researchers focused on the exploration of emotional brain areas,
one very prominent neuronal model was proposed: the limbic system, it is associated with the
experience of emotions and feelings. This system tries to convey all brain areas that are in-
cluded in the processing of emotions (Papez, 1995). The original brain structures that were
considered to be part of the limbic system are the hypothalamus, the amygdala, the thalamus,
the septal area and the hippocampus even though there is no coherent consensus. These brain
structures are considered evolutionarily evolved and behave automatically (Pessoa, 2008).

Newer research connects more and different brain areas to affective experiences. The
core and extended regions include the amygdala, the nucleus accumbens, the hypothalamus,
the anterior cingulate cortex, the orbitofrontal cortex, the ventromedial prefrontal cortex, the
brain stem, the ventral tegmental area, the hippocampus, the septum, the periaqueductal grey,
the basal forebrain, the anterior insula, the prefrontal cortex, the anterior temporal lobe, the
posterior cingulate cortex, superior temporal sulcus and the somatosensory cortex (Pessoa,
2008). This extensive list shows the complexity of emotional processing and that a great vari-
ety of brain areas can be involved. Many scientists also distance themselves from the idea of a
certain emotional brain system since many parts like the hippocampus are not necessarily

linked to affective aspects and other areas as mentioned above are now associated with emo-
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tional experiences. The brain systems included in emotional processing are fluctuating with
the scientific progress and the idea of a limbic system might need to get renewed. As pro-
posed by more recent literature emotion and cognition should not be seen as separate entities
but rather as connected (Gray et al., 2002), which reduces the probability of a single affective

system that is exclusively associated with emotions.
4.3. Impact of social factors on mood states in humans

Emotions have a variety of effects on humans and play an important role in their daily
life. They give specific situations meaning, enrich experiences, motivate behaviours, alter
memory, incorporate motivative value and play a crucial part in the development of mental
disorders as described in the previous paragraphs. Therefore, circumstances that impact the
affective states can have significant consequences for humans and social aspects are one of
them.

Perceived social isolation can influence emotions, it can trigger mood disorders like
anxiety and depression, resulting in difficulties with attention, poor performances and lack of
motivation (J. T. Cacioppo & Patrick, 2008). In many other studies, the relation of social in-
teraction with mood could be validated. A positive mood leads to greater interest in social
interactions and an increased quantity and quality of conversation compared to a negative
mood (Cunningham, 1988a; 1988b). Positive emotions are also connected to higher participa-
tion in social events (Clark & Watson, 1988). The other way around is also true, social inter-
actions trigger positive emotions compared to a neutral situation without social contact
(Mclntyre et al., 1991; Mclntyre et al., 1990). Further studies underline the finding that posi-
tive emotions are higher when individuals engage socially (Watson et al., 1992).

Opposed to that, social circumstances can also induce negative emotions. As shown in
a study, arguments and confrontations (Clark & Watson, 1988; Vittengl & Holt, 1998) as well
as interactions with low communicative qualities (Vittengl & Holt, 1998) elicited negative
mood effects. Social rejection also leads to the experience of negative feelings like pain as
mentioned before (Eisenberger et al., 2003). Even though social rejection does not equal so-
cial isolation, as it implies an aversive act by other social beings (Eisenberger, 2012), it might
be a predictor of social isolation.

Another finding concerns the different weighed impacts of social experience on posi-
tive and negative emotions. Positive social interactions increase the daily positive mood but
do not impact the negative mood (Rook, 2001). Whereas negative social encounters show
relations to positive and negative mood (decrease the positive and increase negative mood)

(Rook, 2001). Another study could find an impact of positive and negative social interactions
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on positive and negative emotions (Newsom et al., 2003), which contradicts the former study.
In a longitudinal design, the influence of negative interactions on negative emotions was more
intense than the impact of positive interactions on positive effects (Newsom et al., 2003),
which underlines both study results mentioned before. Negative social interactions seem to
have a stronger impact than positive emotions on both valences of emotions. Nevertheless,
both social experiences play a significant role in the mood perception of humans. Moreover,
being integrated in social groups led to a reduced risk to experience depression and when suf-
fering from it could minimize it by almost twenty-five percent after joining social groups as
sports clubs, hobby groups and others (Cruwys et al., 2013).

Again, just a few human studies explore the connection between social isolation and
mood with the exception of solitary confinement studies. As described in recent chapters, soli-
tary confinement led to anxiety and depression (Gamman, 2001 as cited in Smith, 2006;
Haney, 2003), which indicates a very strong impact of social isolation on mood states. Even
in an animal study with prairie volves, social isolation could be linked to anxiety and de-
pressed related behaviours (Grippo et al., 2007).

All these studies imply that social encounters, interactions and conversation have a
strong influence on the mood of humans. Socially isolated individuals do not have positive
social engagements with others. Therefore, they are less likely to gain positive emotions be-
cause of the lack of social interactions and, according to solitary confinement prison studies,
these individuals develop a lot more negative feelings (Gamman, 2001 as cited in Smith,

2006; Haney, 2003).

5. Stress

Stress is a very prominent word in the daily lives of humans, but it comprises a broad
topic and a lot of different aspects. Stressors have various consequences for humans, includ-
ing a suppressed immune system and reduced inflammatory reactions caused by an increased
activation of the sympathetic system. Especially, a longer exposure to a stressor leads to in-
creased cortisol levels, which in turn decreases the activity of the immune system (Huppels-
berg et al., 2009). In addition, stress particularly impacts the health. It influences the glyco-
genesis which interacts with the sugar levels in the blood and reduces insulin responsiveness.
This elevates the risk of diabetes type 2. An increase of lipolysis, which induces higher fatty
acid levels in the organism, can also be monitored as results to stressful stimuli (Huppelsberg
et al., 2009), which often result in weight gain (Klinke et al., 2010). Corticoids moreover

cause a protein degeneration, leading to a reduction of the bone density that can trigger osteo-
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porosis and influences the water circulation and electrolytes. The increased blood pressure can
be followed by coronal disorders and heart insufficiency (Aktories et al., 2017; Huppelsberg
et al., 2009). Other physical responses to stress include an increased sensitivity to sensory
stimuli (acoustic, tactile, gustatory, olfactory), impacts on emotional states (euphoric or de-
pressive symptoms), a higher probability to experience cramps, an acceleration of aging and
influences on the mineral balances (Aktories et al., 2017; Huppelsberg et al., 2009).

The responses of cortisol, one major hormone released during the experience of stress
comprise the second major interest within this study. Besides the health effects cortisol inter-
feres with neurological communication. It changes the sensitivity to neurotransmitters, inhib-
iting the hyperpolarization of serotonin neurons in rats. In consequence the serotonin recep-
tors get less responsive after a stressful stimulus (Joéls et al., 1991). Cortisol generally chang-
es the dominance of neuronal processes as also shown in human studies (Dias-Ferreira et al.,
2009; Schwabe & Wolf, 2013).

Again, no single definition for the concept of stress exists in the literature. A very
comprehensive definition includes the three aspects: excitability/arousal, perceived aversive-
ness and uncontrollability. According to this definition, stress develops as a result of three
components; high arousal (physical), an aversive experienced situation and uncontrollability
to deal with this situation (Kim & Diamond, 2002). Having control over a situation has a key
role in the perception of stress. This also accounts for differences in stress levels between in-
dividuals which may perceive circumstances more predictable and controllable than others.
Stress develops if a situation or incident is experienced as threatening, challenging or harmful.
This is described as the primary appraisal. The secondary appraisal refers to stress that occurs
if external or internal requirements are perceived to exceed resources (Lazarus & Folkman,
1999). This definition complies with the modern transactional stress concept which states that
stress appears in an interaction between an individual and their environment (Folkman &
Moskowitz, 2004; Kim & Diamond, 2002; Lazarus & Folkman, 1999). In comparison to the
stimulus-oriented stress concept, in which stress elicits as a consequence to a specific stimulus
or life event (Dohrenwend & Dohrenwend, 1974), or the reaction-oriented stress concept
which mainly focuses on the adaptive processes to stress within a human (Cannon, 1929; Se-
lye, 1976). The later concepts fail to explain the different reactions to the same stressor of
different people. Stress needs to be seen in the context between a person and the environment.
It requests an individual to cope with the demands with their given resources, which vary in
each situation.

The experience of stress has its necessary value, it follows the U-shaped principle that
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increases performance if moderately experienced. Too much or little stress on the other hand
decreases the performance success (Duffy, 1957; Yerkes & Dodson, 1908). An extreme un-
der- or overstimulation is experienced as unpleasant, whereas mediocre stress levels are moti-
vating for individuals. Different tasks also require different demands of arousal which define
the relationship between the optimum performance and the physical arousal (Selye, 1976).
Stress can be divided into different levels, it can influence cognitive-emotional ele-
ments, behavioural levels or physiological aspects of an individual. Further, they can be dis-
tinct regarding the duration of a stress response (short-, middle-, or long term). Lastly, the
dimension of micro- versus macro stress, chronic or acute stress and universal versus personal
stress can be classified (Bodenmann & Gmelch, 2009). The division of stress in so many as-

pects shows the complexity of the concept and the involvement many different elements.

5.1. Physical processes during stress

With the physical aspects of stress, scientists refer to the processes happening in the
body which are governed by the endocrine system. This system is responsible for the release
of hormones into the bloodstream where they diffuse to specific organs (Huppelsberg et al.,
2009). During a stressful situation, catecholamines (adrenalin and noradrenalin) and the hor-
mone cortisol are released. More precisely, two systems are involved in the control of the
stress response, the sympatho-adrenal medullary axis of the autonomic nervous system (ANS)
which is responsible for the distribution of the catecholamines and the hypothalamus-
pituitary-adrenal axis (HPA-Axis) which governs the release of cortisol. The ANS-axis is re-
sponsible for the immediate physical stress response and activation of the sympathetic system,
whereas the HPA-axis has longer-lasting effects. These processes are a natural reaction of the
body to resume to the homeostatic value after a stressing stimulus (Ulrich-Lai & Herman,
2009). Stressors are triggering specific stress responses of the autonomic nervous system
which are described as fight-flight reactions by Walter Cannon (1932). He was one of the first
who focused on the homeostasis and the homeostatic response in an organism to threat and
danger in animals. The cardiovascular response to dreadful situations leads to an activation of
the sympathetic nervous system and in consequence to an increase of heart rate, blood pres-
sure, breathing and vascular constriction (constriction of blood vessels) everywhere except
within voluntary muscles. Changes of the heart rate can in addition influence the mood and
endocrine processes (Lovallo et al., 1990). These adaptive responses in the body have a pur-
pose: to enhance the oxygen sustenance in the body, to release glucose from the liver and to
ensure blood circulation in the brain and muscles. Further adaptations include a down-

regulated digestive system, increased memory and wider pupils (Ulrich-Lai & Herman, 2009).
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These responses are mainly governed by the released catecholamines from the sympatho-
adrenal medullary axis. The physical changes caused by an encounter to a stressor, serve to
focus energy in certain body areas and to increase attention to threatening circumstances.

The second crucial stress reaction proceeds over the hypothalamus-pituitary-adrenal
axis (HNA-Axis). Within this axis, firstly, the cortical-releasing-hormone (CRH) is triggered,
it is a precursor to the release of the adrenocorticotropic hormone (ACTH) from the pituitary.
After ACTH is distributed in the blood circulation, it triggers the release of cortisol from the
adrenal cortex. To regulate the stress response, the hormones, CRH, ACTH and cortisol in-
duce negative feedback loops. If the end product cortisol spreads through the body, the pro-
duction of CRH and ACTH gets reduced (Aktories et al., 2017; Huppelsberg et al., 2009;
Klinke et al., 2010). The CRH also affects the release of hormones of the limbic system: sero-
tonin, noradrenalin, acetylcholine and vasopressin (Netter & Hennig, 2002). Through the neg-
ative feedback loop, the regulation of the hormonal distribution process and the finalization of
the stress response are ensured. The habituation ability of humans plays a very crucial role
especially for developing maladaptive health consequences. Individuals who are unable to
habituate to stressful events experience an allostatic load (Fink, 2016; McEwen, 1993), with
an increased morbidity risk as result. A deviant feedback response to stress can cause depres-
sion, anxiety, cancer, and neurodermatitis. More precisely an overreaction of the HPA-axis is
associated with cancer, anxiety and depression, diabetes mellitus, adiposity, panic disorders,
alcoholism, hormone disorders (cushing syndrome), anorexia and a hyper reaction of the thy-
roid glands, whereas an under-reaction of the HPA-axis can result in auto-immune diseases,
neurodermatitis, arthritis, asthma, multiple sclerosis, fatigue, pain disorders, diabetes type-1,
sub-function of thyroid glands and chronic inflammations (Stratakis & Chrousos, 1995). Dys-
functions of the HPA-axis can be acquired through chronic stress or traumatic experiences or
be caused by a genetic predisposition (Knoll et al., 2017).

Even though a maladaptive stress response might result in negative health outcomes
cortisol is a hormone necessary for living and responsible for the longer-lasting effects to a
stressor. Cortisol levels are connected to the circadian rhythm and guide many physical as-
pects of the body in everyday life. For example, the cortisol level is higher straight after a
person wakes up, which is classified as the cortisol-awakening-response (CAR) (Clow et al.,
2010). The morning awakening response is a natural process of the body. Before waking up,
the adrenal gland has a reduced sensitivity to the increased ACTH, which is controlled by the
suprachiasmatic nucleus (SCN) that is mediating the circadian rhythm. Further, a contribution

of the hippocampus is considered in the CAR. Three main processes are happening during the
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wakening: activation of the HPA-axis, reduced sensitivity to ACTH of the adrenal gland be-
fore waking up and increased sensitivity to ACTH after waking up, which is guided by the
SCN- extra-pituitary pathway (Clow et al., 2010). To assess the cortisol awakening response,
the cortisol level around thirty minutes after waking up is deducted by the cortisol level
straight after waking up. The increase between the two levels represents the cortisol awaken-
ing response (Elder et al., 2014).

The circadian rhythm also shows an increased cortisol release in general between three
am and ten am and decreases afterwards rapidly. The lowest cortisol level is between mid-
night and three am. Closely linked to the circadian rhythm are other parts of the feedback loop
system, the highest sensitivity to cortisol occurs during the time of the lowest levels of corti-
sol. In general, the daily cortisol release is between 12-30 milligram (30-80 pmol) in the
blood and the level can vary from 5 to 25 pg/100 ml (138-690 nmol/L) in a healthy person
(Aktories et al., 2017). Since cortisol is also released after the experience of an acute stressor,
it can intervene with the circadian rhythm of people.

Cortisol can be measured through blood but also in a non-invasive manner through
saliva or urine. A stress response after repetition to the same stress exposition is reduced in
general. Scientists refer to this phenomenon as habituation to a specific stressor (Knoll et al.,
2017). The majority of participants who needed to perform a five-minute speech in front of an
audience show a reduced stress response after repeated trials as shown in a study. The only
difference apparent, between individuals who can habituate in a stressful situation and indi-
viduals who cannot, are their personality traits. The participants who cannot habituate to a
stressor describe themselves less extraverted, more emotionally insatiable, and less confident
(Kirschbaum, Priissner, et al., 1995).

Stress comprises a very important physiological process guiding various other aspects
in the body and inheriting important value in certain situations. The physical processes are
thought to be happening to redirect energy to other more important sources like the prevention
of apoptosis or to prohibit autoimmune reactions and diseases. Physiological stress responses
lead to less inflammation as a positive consequence and are used as a therapy for allergies and
autoimmune diseases in clinical settings (Klinke et al., 2010). An acute stressor leads to an
adaptive response that increases successful coping, but chronic stress can become dysfunc-
tional and increase the morbidity risk or psychological disorders (Ulrich-Lai & Herman,

2009).
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5.2. Psychological stress

One can distinguish between physiological and psychological stressors. Psychological
stress is induced by non-metabolically claiming tasks. This excludes physical stressors like
extreme sportive activity, biological challenges like caffeine and physical-psychological
stressors like the cold pressor test which triggers stress with cold water (Dickerson & Keme-
ny, 2004). Psychological stressors are stimuli that do not predict physical harm or threats.
Psychological stress became a major part of stress experienced in the modern world since
many people suffer from chronic stress without a metabolically demanding task.

A meta-analysis could show that psychological stressors are also connected to the
HPA-axis and in consequence can lead to cortisol release. The two main psychological stress-
ors in the study were uncontrollability and a social-evaluative threat that implies a possible
negative judgment of others (Dickerson & Kemeny, 2004). These stressors are threats to the
social self like status, acceptance or self-esteem (Gilbert, 1997) and result in coping mecha-
nisms of the body (Dickerson et al., 2009). Individuals try to maintain their social self (social
self-preservation-theory) (Dickerson et al., 2004).

Social stressors not only impact the physical stress response, they can also increase
anxiety in humans (Dickerson & Kemeny, 2004). Further uncontrollability affects the endo-
crine stress response under certain circumstances. Uncontrollability refers to the inability of
individuals to influence the outcome with their actions and creates a situation of inevitable
failure (Averill, 1973; Levine & Ursin, 1991; Thompson, 1981). The connection of psycho-
logical stress and the HPA-Axis in human research is not that clear. Uncontrollability only
affects people if a very important aim of this person is threatened. In connection with a threat
to the social self, the strongest cortisol release is elicited. The effect size almost increased
three times if social-evaluative threats and uncontrollability were connected in a stressful task
(Dickerson & Kemeny, 2004). This research exhibits the importance of non-physical hazards
for the experience of stress and highlights the individual aspects included in physical process-
es. In another meta-analysis, the neuronal substrates involved in physiological and psycholog-
ical stress were examined (Kogler et al., 2015). The only shared brain areas in both stressors
were the anterior insula (Al) and inferior frontal gyrus (IFG). Physiological stress is connect-
ed to the affect processing brain parts and cognitive areas like the striatum, the middle cingu-
late cortex or the insula. On the other hand, psychological stress showed activations in the
right superior temporal gyrus and deactivation of the striatum. The striatum especially shows
distinct reactions to both stressors. The ventral striatum is deactivated during psychological

stress, whereas the dorsal striatum is activated during physiological stress. The dorsal striatum
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is associated with motoric processes and the ventral striatum with reward experiences. This
underlines the different consequences to a specific stressor. Therefore, the physiological stress
reaction with the activation of the dorsal striatum is connected to the fight-flight response and
the psychological stress process directed towards emotion regulation, goal-directed behaviour
and a decreased reward processing. Even though psychological and physiological stress re-
sponses share a lot of aspects, they have distinct values and need to be perceived distinctive
(Kogler et al., 2015). Social isolation can be considered a psychological stressor since it is not
a physical demanding task. It can also include values of uncontrollability if a person is not

able to influence its social interactions.

5.3. Effects of social isolation on stress responses in animal studies

In various animal studies, a specific effect of social isolation on the stress response
could be examined. Social isolation led to increased catecholamine output and oxidative stress
in the aortic arch in rabbits (Nation et al., 2008). It also showed direct effects on the cortisol
balances as pigs had higher cortisol levels as consequence (Kanitz et al., 2004). Social isola-
tion also impacted genes of piglets that regulate the glucocorticoid response in the frontal cor-
tex (Poletto et al., 2006).

Another study, assessed the connection of relative stress responses to different quali-
ties of stressors. Marmosets were isolated for either eleven hours in a small cage which as-
sembled a milder stressor or for eleven hours in a small cage with a caption procedure with a
net beforehand followed by a holding period for five minutes, which assembled a more severe
stressor. The two conditions led to a different cortisol release, the primates that were only
isolated in a small cage had an increased cortisol output in the afternoon, whereas the marmo-
sets who experienced eleven hours of isolation and restraint handling prior showed an elevat-
ed cortisol level in the morning and afternoon (Smith & French, 1997). This displays that var-
iation of the intensity of a social stressor can impact the hormonal stress response.

Moreover, female monkeys have lower cortisol levels and are able to cope better with
stressful situations when they are well-integrated in a social group (Crockford et al., 2008;
Wittig et al., 2016). Whereas a loss of a strong social bond within monkeys led to higher cor-
tisol release indicating a physical reaction which might serve to reinstate the social network
(Engh et al., 2006). Animals studies state a strong link between social isolation and cortisol

stress responses showing the importance of social interactions for endocrine processes.
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5.4. Effects of social isolation on stress responses in human studies

Not only do animal studies give proof for the association between social isolation and
the physical stress response, human research also underlines that connection. An important
factor that influences the biological circuits caused by a stressor is the perceived social sup-
port (Uchino et al., 1996; Uchino & Garvey, 1997). Individuals who have higher social re-
sources have different physical reactions. Social support can lessen stress because it reduces
perceived negative emotions connected with stress due to increased support (Uchino et al.,
1996; Uchino & Garvey, 1997).

As in other parts of this thesis, most of the studies examine the associations between
loneliness and its effects but it is assumed that objective social isolation might has similar
impacts on the physical stress response. The HPA-Axis shows increased activation in lonely
individuals (Adam et al., 2006; J. T. Cacioppo et al., 2000; Steptoe et al., 2004) and chronical-
ly lonely individuals can develop a glucocorticoid resistance (J. T. Cacioppo & Hawkley,
2009). Perceived social isolation also led to a changed expression of genes regulating the cor-
tisol levels. Resulting in an under-expression of anti-inflammatory glucocorticoid genes and
an increased expression of genes bearing elements for promoting inflammatory reactions
(Cole et al., 2007). Subjectively isolated older individuals suffered from suppressed lympho-
cytes and monocytes in direct proportion to the cortisol levels in the bloodstream and their
leucocyte sensitivity to glucocorticoids were diminished (Cole, 2008).

Loneliness also predicts an increased morning cortisol release in individuals. The feel-
ing of loneliness throughout a day elevated the cortisol awakening response the next morning
and influenced the daily cortisol rhythm (Adam et al., 2006; Doane & Adam, 2010). Objec-
tive social isolation measured with a questionnaire was also associated with an increased daily
cortisol release and cortisol awakening response in men and women (Grant et al., 2009).
These studies reveal the connection of subjective or objective isolation and its effects on the
cortisol rhythm within humans. A dysregulated cortisol release can increase the risk for men-
tal disorders as substance abuse, major depression or post-dramatic stress disorder (Chrousos,

2009) indicating also a strong effect on affective aspects in humans.

6. Research gaps in the state of the art

The topic of social isolation embraces many unpleasant circumstances for people. That
is why it lacks extensive research, since it is not qualifying for the high ethical standards of
human research. In consequence, as very often in social science, the majority of studies are

done with animals as they require less ethical standards and offer easier sampling (Ghasemi &
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Dehpour, 2009). But animal studies are unable to examine unique human entities like mood or
complex thought processes and the transfer of the results on humans need to be done careful-
ly.

So far, most research of social isolation with humans has been done only on long-term
effects in uncontrolled manners. The majority of the studies done with people include self-
indicated values of perceived loneliness or chronic social isolation (Adam et al., 2006; J. T.
Cacioppo et al., 2000; J. T. Cacioppo & Cacioppo, 2018a; 2018b; J. T. Cacioppo et al., 2017;
J. T. Cacioppo & Hawkley, 2009; J. T. Cacioppo et al., 2011; J. T. Cacioppo et al., 2006; J. T.
Cacioppo & Patrick, 2008; Carlson et al., 1988; Cole et al., 2007; Cole, 2008; Doane & Ad-
am, 2010; Gow et al., 2007; Huang et al., 2016; Inagaki et al., 2016; Kross et al., 2011;
Romero-Canyas & Downey, 2005; Shankar et al., 2013; Steptoe et al., 2004; Williamson &
Clark, 1989; Wilson et al., 2007; Zhong & Leonardelli, 2008; Zunzunegui et al., 2003). Some
studies focus on social support (Gow et al., 2007; Uchino et al., 1996; Uchino & Garvey,
1997) or assess objective social isolation in a questionnaire as a more valid measurement
(Grant et al., 2009), but these values also rely on self-stated data and are not acquired in a
controlled experimental matter. Lastly some studies focus on the social network (Bzdok &
Robin, 2020; Cruwys et al., 2013; Pinquart & Duberstein, 2010; Reblin & Uchino, 2008;
Smith & Christakis, 2008) but this approach can just be indirectly referred to social isolation
and also focuses on longer lasting effects of social interactions. As a consequence, the effects
of studies regarding social isolation with humans show a great variety and leave many ques-
tions open.

Scarcely any research focused on the short-term consequences of social isolation.
Mostly loneliness values, the social network or self-stated answers are used as an indicator of
objective social isolation, but both measurement approaches imply a longer period of social
deprivation.

One of the few studies involving humans regarding social isolation are prison studies
with inmates in solitary confinement (Haney, 2003; Gamman, 2001 as cited in Smith, 2006;
Rhodes, 2004; Stang et al., 2003 as cited in Smith). These studies are more valid to measure
social isolation in an objective manner, but also focus on longer periods of social isolation.

A recent study focused on a similar topic as addressed in this thesis while examining
the short-term effects of social isolation on reward circuits in the brain within a controlled
setting. It was visible in neuronal images that distinct cortical regions are active eliciting the
motivation to look for social contact after a ten-hour isolation period (Tomova et al., 2020).

Nevertheless, rarely studies specialised in the short-term effects of social isolation on specific
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human entities as mood or stress responses in an experimental setting to this point, hence this
experiment is dedicated to clarify this niche. Emotional states and stress are shown to be in-
fluenced by social isolation and comprise very important factors for the well-being of hu-
mans, therefore this study aims to give further insight to the connection of short-term social

isolation with these very crucial aspects.

7. Research questions and hypothesis

Referring from the presented literature, emotions are strongly influenced by social in-
teractions (Rook, 2001; Newsom et al., 2003) in a positive (Clark & Watson, 1988; Cruwys et
al., 2013; Mclntyre et al., 1991; MclIntyre et al., 1990) and negative way (Clark & Watson,
1988; Eisenberger et al., 2003; Vittengl & Holt, 1998). Further social rejection results in simi-
lar responses like pain experiences (Eisenberger, 2015) and brain areas connected to pain and
emotion are also activated during isolation (Kross et al., 2011). Solitary confinement prison
studies especially lead to the inference that social isolation can impact the mood severely and
can cause anxiety and depression (Gamman, 2001 as cited in Smith, 2006; Haney, 2003).
Taking this into account the first main hypothesis states a higher increase in negative mood
during the isolation condition compared to the neutral condition (H1).

Social isolation not only influences the mood of individuals, it further increases the
stress response as shown in animal studies (Engh et al., 2006; Kanitz et al., 2004; Nation et
al., 2008; Smith & French, 1997). Perceived isolation additionally impacts the cortisol levels
in humans (Adam et al., 2006; J. T. Cacioppo et al., 2000; Doane & Adam, 2010; Grant et al.,
2009; Steptoe et al., 2004) and leads to an increased cortisol awakening response (Adam et
al., 2006; Doane & Adam, 2010; Grant et al., 2009). In conclusion, the second main hypothe-
sis and sub hypothesis are formed, which state that a higher stress response is expected during
the isolation condition (H2) and an increased cortisol awakening response after the isolation
condition (H2.1).

Assuming a connection between social isolation and stress leads to the inference of
increased heart rates during social isolation, as an accelerated heartbeat is a consequence of
the immediate sympathetic stress response (ANS) (Ulrich-Lai & Herman, 2009). Higher fre-
quencies are correlated to the activation of the sympathetic nervous system and lower fre-
quencies to the parasympathetic activation (Shaffer & Ginsberg, 2017). Concluding from this,
an increased heart rate is assumed throughout the isolation condition in comparison to the

neutral condition (H3).
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Furthermore, humans have evolved as a social species (Dunbar & Shultz, 2007) and
show affiliation behaviour to enhance survival benefits (J. T. Cacioppo & Cacioppo, 2018a; J.
T. Cacioppo & Patrick, 2008). Social isolation motivates individuals to engage with others as
their reward system is activated during social interactions (Aron et al., 2005; Fliessbach et al.,
2007; Inagaki et al., 2016; Rilling et al., 2002) and when socially deprived humans try to rein-
state social homoeostasis (Matthews & Tye, 2019). Concluding from this, it is expected that
the social isolation condition will lead to a higher need for social contact compared to the neu-
tral condition (H4).

Perceived social isolation lastly shows impairments in cognitive performance and cog-
nitive abilities (Wilson et al., 2007). Furthermore, coping with stress and emotional regulation
can result in energy usage which leads to less cognitive resources to self-regulate (Evans et
al., 2016). In various animal studies, effects on learning (Ouchi et al., 2013), inhibition tasks
(Shao et al., 2013) and memory (Pereda-Perez et al., 2013) were apparent thus it is also ex-
pected that the experimentally induced state of social isolation leads to less cognitive ability
(motor speed, inhibition control and working memory) than the neutral condition
(H5). Cognitive processes are playing a key role in the experience of emotions and stress re-
sponses. Knowing if cognitive abilities are influenced by social isolation might give further
explanation of changing emotions and hormonal cortisol levels as effect to social isolation.
Reduced cognitive and motor abilities might mediate the influence of social isolation on emo-

tions and physical stress responses.
Based on the presented literature and the addressed aims of the study, the overview of

the research questions and hypotheses are the following:

1. Does an experimentally induced state of social isolation (lasting for eight hours) lead to an

increase in negative mood over time, and in comparison, to the neutral state?

2. Does the experimentally induced social isolation (lasting for eight hours) lead to an in-
crease in physiological stress response (cortisol) over time, and in comparison, to the neutral

state?

7.1. Main hypothesis

Hypothesis 1: The experimentally induced state of social isolation leads to more negative

mood over time than in the neutral condition.
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Hypothesis 2: The experimentally induced state of social isolation leads to a higher stress re-

sponse over time than the neutral condition.

Hypothesis 2.1: The experimentally induced state of social isolation leads to a higher cortisol

awakening response the next morning than after the neutral session.

7.2. Sub-hypothesis

Hypothesis 3: The social isolation condition will lead to higher physical arousal (heart rate)

than the neutral condition.

Hypothesis 4: The social isolation condition will lead to a higher need for social contact than

the neutral condition.

Hypothesis 5: The experimentally induced state of social isolation leads to less cognitive abil-

ity (motor speed, inhibition control and working memory) than the neutral condition.

8. Methods

8.1. Subjects

For the study, the examination of 30 healthy females was planned. The power analysis
with a medium effect size (Cohen’s f of 0.25), the Alpha level .05 and a power of .08 resulted
in 28 participants. To account for an expected 10% drop-out as a result of unusable data, 30
subjects were supposed to be tested. Due to time reasons, only 24 participants were included
in the calculation of the questionnaire data, the heart rate and the cognitive tasks (motor
speed, inhibition control, working memory). In the cortisol data, only sixteen participants
were included since the biochemical analysis required more time. The special circumstances
resulting from the COVID-19 pandemic delayed the testing procedure, which enforced an
analysis on a reduced sample size.

Only females with hormonal contraception were tested in the experiment in order to
minimize variation of the hormonal cycle (Kudielka et al., 2009) and to have a higher compa-
rability. Therefore, only women with hormonal contraception were included. Men show a
different hormonal balance and for this explorative study, the capacity was not given to in-
clude male participants, since a larger study sample would have been needed to give infer-
ences about both genders. In addition, the participants were required to be non-smokers with

low scores of loneliness (Russell, 1996).
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The participants received €195 as a reimbursement if they completed the whole study.
The payment was structured as follows: for each completed session the participants obtained
€60, so €180 in total for the three experiment days. Additionally, they received €5 if they did
the morning testing which consisted of two questionnaires and two saliva samples after a
completed session. All participants were informed about the reimbursement procedure and
signed an informed consent beforehand.

In summary, the first 24 participants provided the data for the questionnaire values, the
heart rate and the cognitive tasks (motor speed, inhibition control, working memory) and the
first 16 participants the data for the cortisol analysis.

The average age of the first 24 participants is 22,2 years. Twenty-two of the subjects
speak German as their mother tongue and the other two participants have a C1 Level in Ger-
man. All women are right-handed and the average of their menstruation length is 4,6 days
(with two missing values). Two participants used the Nuva-Ring as hormonal contraception,
three the hormonal spiral, two an implanon and the rest 17 women used a hormonal pill. The

preselection questionnaire ensured all defined including criteria seen below.
8.2. Including criteria

. Females who take hormonal contraceptives
. Age: >18 <35 years
. Heterosexuality

. Normal body mass index (BMI) >18 <25

. German mother tongue/ C1

. Healthy (no history of neurological or psychiatric diseases, no past or current alcohol/
drug abuse)

. Non-smokers

. Low scores on loneliness scale - (assessed by the UCLA Loneliness Scale)

. Well socially integrated (measured by the size of social network)

. Low scores on internet addictive behaviour

. Low scores on irregular food behaviour (assessed by the Eating Disorder Examination

Questionnaire (EDE-Q))
. No pregnancy
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8.3. Experiment

The whole study consisted of three phases: a preselection online questionnaire, the ex-
perimental sessions and a morning procedure, the morning following a testing day. The prese-
lection online questionnaire gathered information about demographic aspects, the handedness,
the body mass index and the menstrual cycle. It screened in addition for psychological aspects
of eating behaviour, loneliness, drug intake and phone/internet addiction. With this procedure,
clinical salient individuals could be filtered and all inclusion criteria were ensured. The study

was approved by the Ethics Committee of University of Vienna.

8.3.1. Experimental study

The participants included in the analysis were tested from 22nd of November 2020 to
19th of October 2020. The thesis is incorporated in a larger study which compares three dif-

ferent conditions and were differentiated as follow:

Social isolation condition: Includes no social contact for eight hours and food every two hours

Hunger deprivation condition: Includes no food for nearly ten hours and social contact every

two hours (Not included in the present thesis)

Neutral condition: Includes food every two hours and social contact every two hours

Each participant undertook each session. The order of the conditions was counterbal-
anced between the participants. In total six different orders existed and were given to a set of
five participants by random choice. In the social isolation condition, participants did not have
any contact with humans. This implies no talking, hearing, texting or seeing of other people
after the experimental isolation began. The subjects were provided with food every two hours
within this session. In the neutral condition, the participants had social contact over the phone
or laptop and were provided with food every second hour. This thesis only focuses on the so-

cial isolation condition in comparison to the neutral one (Figure 1).
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Figure 1

Timeline comparing both conditions (Neutral = top, Social Isolation = bottom)
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Note. Green circle = meals. Orange circle = questionnaires. No plus () shortest version, one
plus (+) middle version and two plus (++) longest version of the questionnaire. Blue circle =
saliva samples. Gray circle = activities. Yellow circle = manipulative variable of social inter-

actions with family or friends via call. 9:15 — 19:55 = time.

The duration of each session lasted around 10.5 hours. It began, depending on whether
it was the first testing date, between 9:15 am to 9:45 am and ended approximately at 8:15 pm.
The experiment started with a breakfast followed by an introduction phase, which again de-
pending on if it was the first session and on the condition, lasted from 30 to 90 minutes. In
this phase, the subjects signed the informed consent, were presented with the space they were
allowed to use, got accustomed to the experimental procedures, practised the use of vials for
saliva samples, practised to fill in the questionnaires on the iPod, got accustomed to the food
procedure and the conversations on the phone or laptop and had a test trial of the cognitive
tasks for the end of the session. After that, the participants had a short variable relaxing time,
in which unresolved questions could be asked. The testing time began with the first measure-
ment point at 10:55 am and ended after the subjects fulfilled some computer-based motor con-
trol and cognitive control tasks, at 7:50 pm. Each hour during the testing time the participants
needed to fill in questions on the iPod and give a saliva sample. The iPod rang to announce
each measurement point, so none could be missed. It also notified for the meals and conversa-
tion slots. Through this approach, no personal contact of the experimenter was needed. During
the testing period the meals were served at 11:55 am, 1:55 pm, 3:55 pm and 5:55 pm in the
social isolation and neutral condition. The food was placed on a little desk in front of the test
room before the mealtime and the participants collected it independently. Therefore, human
contact could be completely avoided. In the neutral condition, the meals were followed by a
30 minutes conversation time with friends or family members. After the testing period in the

experiment room at 7:50 pm, the participant went to a room next door and fulfilled an ap-
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proach-avoidance task, a motor speed task, an inhibitory reaction time task and a working
memory task on a computer for around 50 minutes. In this thesis only the three later tasks are
included. The testing period ended with a follow-up questionnaire examining personal opin-
ions regarding the study. After this period the experimenters entered the room and offered the
participants cookies for successful completion of the test day and an explanation of the morn-
ing procedure was given. The morning procedure consisted of two saliva samples and two
questionnaires. All participants were asked to give a saliva sample and fulfil a questionnaire
straight after waking up and 30 minutes later. The room was equipped with a camera, so that
the experimenter could ensure the participant’s well-being and if the experiment was running

as planned.

Figure 2

Table in experiment room before session
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Note. Table containing from right top = saliva cooling box, iPod for questionnaires and notifi-
cations, tissues, water spray for HR belt, HR belt, vessel filled with tap water. At the bottom
left an overview of the isolation session, a manual with explanations and at the bottom mid-
dle, breakfast.
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A short pilot study was conducted with eight trial participants to train the experimental
procedure and ensure a smooth execution. So, in case of difficulties arising throughout the
trial session, adaptations for the real experiment would have been possible. One individual
was tested for the control condition and two participants were tested for the isolation and the
food deprivation condition. After the pilot study, a smooth procedure was guaranteed and only

small amendments were conducted.

8.3.2. Recruitment

The recruitment of the study was conducted through flyers in public spaces and an
electronic university recruiting platform (https://labs-univie.sona-systems.com). Interested
participants contacted the research team and received an E-Mail about the study, with an in-
formed consent sheet, and a link and code to the SoSci survey questionnaire.

After ensuring the inclusion criteria through the preselection procedure the individuals
were called and three fitting testing dates were scheduled while taking the menstruation cycle
into account. The participants were also briefly informed about the study and the preparation
they needed to complete before the testing dates. Straight after the call, if three testing dates
were found, the subjects received an E-Mail with detailed information about the preparation.
Depending on which session was randomly assigned to the participants as first condition, a
conversation slot table and activity sheet was attached to the Mail. In the hunger deprivation
and neutral condition both files were needed prior to the session. The participants needed to
assign a phone number of a relative or friend for each conversation slot and send the table
back to the research team latest three days before the testing date. If their next session was the
isolation condition, they did not receive the conversation slots sheet, since in this condition no
social contact was planned and the participants only needed to send an E-Mail with the activi-
ties they wanted to bring to the session. A reminder E-Mail was sent one day before the test-
ing date, to inform the participants about behavioural constraints prior to the session and the
meeting point. For the second and third session, the participants received a preparation E-Mail
around one week ahead of the scheduled session and also a reminder E-Mail on the day be-

fore.

8.3.3. Location & Equipment

The study was conducted at the psychology faculty of the University of Vienna. A
room with around 20 square meters in the basement of the faculty was used for the main part

of the study. A smaller room next door served the experimenter to monitor each session and
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the same room was used for the computer tasks that the subjects completed at the end of the
experiment.

Some activities (books, riddles, drawing material, a rubik’s cube, pencils) were pro-
vided in the room to prevent the participants from being bored. The individuals were also in-
structed to bring three to five non-social items from home. Social novels, pictures and music
were considered as social content and were prohibited to be brought into the room. Computers
or phones were also not allowed in the test space, since the participants could have contacted
other people or used social media through these devices.

The participants could use a nearby toilet during the session, which was only accessi-

ble by them and the experimenter.

Figure 3

Experiment room
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Note. Room the participant spent time throughout the sessions. Right table is the table seen in

Figure 2. Left tables contain the activities.
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8.4. Physiological measures

To measure stress responses, saliva was collected from the participants. Saliva is one
option to obtain the stress indicator cortisol. It is a reliant hormone included in the hypothal-
amus-pituitary adrenal (HPA) stress reaction (Aktories et al., 2017; Huppelsberg et al., 2009;
Klinke et al., 2010). The cortisol levels were measured at nine timepoints during the main
testing period in the isolation or the neutral setting. The morning awakening cortisol levels of
the participants after each session were additionally acquired. This aimed to measure a de-
layed stress response to social isolation.

The saliva samples were collected with the SaliCap (IBL International, Hamburg,
Germany), which are small cups developed for this purpose. After the collection the saliva
samples were immediately stored in a freezer at -20 degrees, until the biochemical analysis.
For this analysis, the saliva samples of sixteen participants were included. For each participant
nine samples during the sessions and two the morning after, were acquired. Considering that
just two conditions (isolation and neutral) will be compared, this sums up to 22 saliva samples
per participant and 352 saliva samples in total.

To measure physical arousal, a heart rate monitor chest strap Polar H10 (Polar Electro,
Finland) was used to measure the heart rate throughout the whole experiment, to capture the
immediate stress response of the autonomic nervous system (Ulrich-Lai & Herman, 2009).
The participants wore the heart rate belt straight below their breast and continuously till the

very end of the session. The heart rate was recorded in beats per minute.
8.5. Self-report questionnaires

Self-report questionnaires were used to measure mood and motivational states. Every
item and question was collected through an ecological momentary assessment (EMA). EMAs
allow repeated measurements of subjects’ experiences in real time over periodic intervals.
This aims to reduce recall biases and enhances the validity of the acquired values (Shiffman et
al., 2008). For this study an iPod was used as EMA device and all notifications were present-
ed in German since the experiment was conducted with a German speaking sample. For the
thesis, the questions are translated to English. When referring to the time in figures and tables
the German twenty-four-hour system is used to diminish misunderstanding of the measure-
ment times in the graphs. Three different lengths of questionnaires were assessed thought-out
the session which are described below.

The constructs, stress, anxiety, controllability and avoidance were assessed every hour

throughout the session at nine time points. The answers could be given on a visual analogue
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scale (VAS) which ranged from 0-100 (vonDawans et al., 2011). The first item was included
to assess the perceived state of stress, whereas the other scales are used to detect subjective
stress-responses.

Anxiety was measured with the question “How anxious do you feel at the moment?”’
with the answer option “no fear” to “great fear” ranging from VAS 1-100. The answer scale
for controllability, stress and avoidance consisted of the same answer options “not at all” to
“very much”, with the VAS 0-100. Controllability was measured with the questions “How
much do you have the situation under control?, stress with the question “How stressed do you

feel?” and desire to leave with the question “How strong is your need to leave this situa-
tion?” (vonDawans et al., 2011). These questions were asked every hour throughout the ses-
sion and ensembled the shortest version of the questionnaire.

The majority of the other questionnaires were answered by the participants at five time
points throughout the session. These questionnaires were presented every two hours, begin-
ning with the start of the session at 10:55 am and continuing with 12:55 pm, 2:55 pm, 4:55
pm and 6:55 pm. The questionnaires asked at five times included the following;

The Multidimensional Mood Questionnaire German (MDBF; short form A and B)
(Hinz et al., 2012), which assesses the mood in three dimensions; good — bad mood (GB),
wakefulness — tiredness (WT), and calmness — restlessness (CA). Some scales had an opposed
polarity and are indicated with a small “u” in the list below. The answers were recorded with
a 5-point Likert scale starting with 1 — “not at all” and ending with 5 — “very much”. With this
psychological test instrument, the general emotional state was measured including the valence
(good-bad) and two levels of arousal (energetic arousal and tense arousal).

The short form A consisted of these twelve items, which were presented in this order:
content (GB), rested (WT), restless (CAu), bad (GBu), worn-out (WTu), composed (CA),
tired (WTu), great (GB), uneasy (CAu), energetic (WT), uncomfortable (GBu), relaxed (CA).
The short form B consisted of twelve equivalent items that are exchangeable with the short
form A after being united in the three dimensions. The items of short form B were presented
in the following order: sleepy (WTu), good (GB), at ease (CA), unhappy (GBu), alert (WT),
discontent (GBu), tense (Cau), fresh (WT), happy (GB), nervous (CAu), exhausted (WTu),
calm (CA).

Depending on a participant’s ID being even or odd the MDBF questionnaire was pre-
sented at different time points. Participants with odd IDs received the short form A at 10:55
am, 2:55 pm, 6:55 pm and version B at 12:55 pm and 16:55 pm and participant with even IDs

received the versions in a reversed order. The two different versions were included to prevent
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memory effects of the questions and a memory bias. The English version of the questionnaire
can be found on this website: https://www.metheval.uni-jena.de/mdbf.php.

Further, the Single-item ratings of desire for food, desire for social contact and per-
ceived levels of hunger, loneliness and boredom were assessed at five time points during the
eight-hour experimental period. All answers to these single-item ratings were given on a visu-
al analogue scale (VAS), which ranged all from 0-100. Desire for food and social contact
were answered from “not at all” to “very strong” with the questions ,,How strong is your de-
sire for food at the moment?” and “How strong is your desire for social contact right now?”.
Hunger, loneliness and boredom ranged from “not at all” to “very” and included the three
single-item scales which directly asked for the states with the following questions: “How
hungry do you feel at the moment?”, “How lonely do you feel at the moment?” and “How
bored do you feel at the moment?”. These questions were included to examine the subjective
levels of the main study aims. The question of boredom levels is assessed to ensure that the
mood changes are not influenced by too high levels of boredom.

The second mood questionnaire, Profile of Mood States (POMS) (Dahlbert, 1992) and
the desire for the phone or internet was assessed three times every fourth hour at; 10:55 am,
2:55 pm and 6:55 pm. The questions “How strong is your desire to use your smartphone?”
and “How strong is your desire to use the internet?” with the answering scale ranging from
“strongly disagree” to “strongly agree” on a visual analogue scale from 0 to 100 assessing
the motivation to use the phone or internet. These questions were included since the phone
and internet gives the chance to connect with other individuals and it is nowadays one of the
main ways to interact between humans.

The short version of the Profile of Mood States (POMS) was included to examine dif-
ferent nuances of mood states in more detail since social isolation could be linked to depres-
sion and anxiety in humans (Haney, 2003). Social interactions further were shown to have a
stronger influence on negative mood than positive emotions (Newsom et al., 2003). The
POMS consists of nineteen different emotion adjectives that were answered on a 7-point Lik-
ert scale from 1 — “not at all” to 7 — “very strongly”. The nineteen items are merged into five
subdimensions: sadness (SAD) with three items, hopelessness (HOP) with three items, fatigue
(FAT) with four items, positive mood (POS) with six items and anger (ANG) with three
items. The emotions were assessed in the following order: angry (ANG), worn-out (FAT),
unhappy (SAD), sad (SAD), pleasant (POS), afflicted (SAD), joyful (POS), hopeless (HOP),
tired (FAT), angry (ANG), cheerful (POS), discouraged (HOP), happy (POS), exhausted
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(FAT), cheerful (POS), desperate (HOP), furious (ANG), weakened (FAT), amusing (POS).

The initials in the brackets indicate to which dimension the emotions belong.
8.6. Executive function tasks

Three cognitive tasks are included in this experiment to assess possible changes of so-
cial isolation on motor control (Finger tapping task), cognitive inhibition (Go/No go task) and

working memory (N-back task).

The Finger Tapping Test (FIT) assesses the motor speed of a participant (Carone,
2007). The task requires the participants to tap the “Enter” key on the keyboard as much as
possible within ten seconds using their index finger (Figure 4). This is repeated five times
with the dominant hand and five times with the non-dominant hand, with a five-second break
in between the switch of hands. The average of the five trials for the dominant hand and the

non-dominant hand ensembles the motor speed score for each hand.

Figure 4
Finger tapping task (FIT)

r

Note. Keyboard used for the FIT. The participants were requested to hold hand like this and

press the “Enter” key as often as possible within the trials.

The second task is called Go/No-go and assesses the inhibition control (Kertzman et

al., 2011; Nestor et al., 2011; Verbruggen & Logan, 2008). The successful mastering requires
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the participants to press the “Enter” button whenever a red circle is seen (Go signal) and not
press “Enter” when a black circle appears (No-go signal) on the screen (Figure 5). The circles
are shown very fast and the challenge is to inhibit a response when the no-go signal (black
circle) is seen. A commission error happens, if the individual is not able to withhold a re-
sponse to the No-Go signal (black circle) and an omission error if a participant is falsely not
pressing to a Go signal (red circle) (Meule, 2017). The whole task lasted around eight minutes

with a short break of twenty seconds in the middle of the task.

Figure 5
Inhibition control task — Go/No-go

Wenn Sie einen roten Kreis sehen, Wenn Sie einen schwarzen Kreis
driicken Sie auf ENTER. - ,\When sehen, driicken Sie NICHT. — ,/f you
you see a red circle, press ENTER. see a black circle, DO NOT press*

Note. Participant were requested to press “Enter” when seeing a red circle and inhibit a reac-

tion when seeing a black circle.

The last exercise of the experiment was the N-Back task (Jaeggi et al., 2010), which
measures the working memory. It consisted of three parts, one control exercise that required
the participant to press the key “arrow right” every time they saw the letter “X” on the screen,
whereas for every other letter they needed to press the key “left arrow”. This task has a very
low difficulty level, so it was used as a control exercise to clarify that the participants under-
stood the task and were confident with the procedure. The other two parts of the task meas-
ured the working memory. In the 2-Back task, the participants needed to press the key “right
arrow” when the letter appearing on the screen was the same as the one visible two letters

before. In any other case the participants were supposed to press the key “left arrow” (Figure
0).
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Figure 6
Working memory task — 2-Back (N-Back)

L 2 2 4 : 2 2 2
Driicken:  Links Links Links Links  Rechts  Links

Note. Figure shows the 2-Back task as an example of the N-Back tasks. “Driicken” = press.
“Links” = left. “Rechts” = right. Participants needed to press the “right-arrow” key, if a letter
appeared two positions after, again. For all other circumstances they needed to the press the

“left-arrow” key.

The last task named 3-Back, worked similarly as the previous; the participants needed
to press the key “right arrow” when the letter that appeared on the screen was the same as the
letter, seen three positions before, for every other option they needed to press the key “left
arrow”’.

The whole N-Back task consisted of several repetitions of the three subversions (X-
Now, 2-Back, 3-Back), which alternated randomly. At the beginning of each round, it was
indicated to the participant which task came after. In between the different subtasks was a
short break and the whole exercise lasted around fifteen minutes. Mistakes are counted if a
wrong response to a letter was given (MISS) or if the individuals needed too much time to

react (Timeout).
9. Analytic plan and statistical methods

For the analysis of the subjective questionnaire data (MDBF, POMS, VAS), the corti-
sol data throughout the session and the heart rate data a mixed effects model analysis was
used, in particular a random intercepts and slopes model. With this approach hierarchical data
can be analysed and missing values do not present a problem. The used random intercepts and
slopes model allows to assess the impact of longitudinal independent variables on a dependent
variable, which was the case in this study. The influence of the two comparative sessions (iso-
lation and neutral) and time of the session on mood states, cortisol levels and heart rate were
assessed in the analysis. For the random intercepts and slopes model, the R function Imer of
the package Ime4 was used (Kuznetsova et al., 2017) and mainly the interaction effect of time

and condition will be discussed in more detail in the result part since it comprises the main
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interest. For the analysis of the Cortisol Awakening Response (CAR) and the cognitive tasks
(FIT, Go-No-Go, N-Back) a paired t-Test was applied as the data was not longitudinal.

The data analysis was completely conducted with the open-source programming lan-
guage R (R Core Team, 2019) and started with the preparation of the data for further statisti-
cal calculations. For the mood questionnaire MDBF some of the Likert-scale items needed to
be reversed. Subsequently they were assigned to the three dimensions. The data of the POMS
was also summarized to the five dimensions. The next step included a graphical exploration.

After, a random intercepts and slopes model was fit for the mood questionnaires
(MDBF, POMS) and for all visual analogue scale questions. Each dimension of the MDBF
and POMS was treated as an outcome variable of the model. The predictors used for the mod-
el were: the time, the condition (group = isolation/neutral) and the interaction between the
condition and time. The same was done for the visual analogue scale questions, with the dif-
ference that the outcome variable was the score obtained on the visual analogue scale.

For each model additionally to the standard statistical results, the effect size Cohen’s d
was calculated in R. The model diagnostic for every random intercepts and slopes model was
assessed and resulted in some violations of the normal distribution of the residuals. Since
mixed-effects models’ estimates are robust with respect to the model’s assumptions, estimates
were not considered to be severely biased (Schielzeth et al., 2020). The assumptions of “line-
arity of predictors” and “homogeneity of variance” were mostly fulfilled for all random inter-
cepts and slopes models which were fitted to the data. To check for outliers, boxplots were
evaluated for the mood questionnaire dimensions (MDBF, POMS) and for each visual ana-
logue scale question. All data points laying four standard deviations below or above the mean
were excluded based on Chebyshev's theorem. This theorem assures that with k = 4 at least
93,75% of the data lies within 4 standard deviations from the mean, if the data is not normally
distributed. The analysis conducted on this reduced set of data did not show any remarkable
difference compared to the original data, therefore only the analysis of the whole data is pre-
sented in the following results paragraph. Moreover, the sample size is already very small,
thus removing data points might lead to an even less representative sample. This choice is
further justified from the fact that it is not expected to observe implausible data from Likert-
scales and visual analogue scales.

A similar analysis was conducted for the cortisol levels acquired in the experimental
conditions. After a graphical examination, a random intercepts and slopes model was applied
to the data gathered during the session. Since it is assumed that the cortisol release follows a

log normal distribution, the outcome variable of the model was log transformed. The model
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diagnostics analysis resulted only in a violation of the assumption of “normal distributed re-
siduals”. The assumptions of “linearity of predictors” and “homogeneity of variance” were
fulfilled.

To assess the value of the cortisol levels of the awakening response, the participants
were required to produce two saliva samples, one straight after waking up and one thirty
minutes later. The value of the cortisol awakening response was obtained by subtracting the
cortisol level of the second sample from the value of the first one. To calculate the difference
of the two conditions a paired t-test was conducted. An effect size of Cohen's d was estimated
for the difference between the conditions and the morning awakening response between the
social isolation and neutral session. The boxplot analysis showed some extreme values in both
conditions. However, these values were not considered extraordinary.

The analysis of the heart rate data was slightly different. As the heart rate data was
measured for each second, from the start to the end, each participant had a large number of
observations. For each second an average beat per minute (bpm) was recorded, including the
data around that second. To obtain feasible data for the mixed model analysis, it was decided
to take the average heart rate of every hour for a total of eight hours. The heart rate was start-
ed to be measured approximately twenty to thirty minutes before the session of each partici-
pant. Therefore, the first hour of heart rate data was excluded from the analysis, since the col-
lection of the data was starting prior to the session. In addition, no difference is expected be-
tween the groups at the start. Some graphs were plotted to investigate whether there were any
remarkable differences between the two conditions and a histogram to inspect the distribution
of the heart rate. A random intercepts and slopes model was fit to the data to verify if there is
any difference between the heartbeats in the isolation and the neutral condition. Lastly the
model diagnostics were assessed revealing a slight violation of “normally distributed residu-
als”.

The statistical analysis of the cognitive tasks after the session was performed using a
paired t-test to verify, if there is any significant difference between the mean of the isolation
and the neutral condition. For the Finger Tapping Task a separate calculation was done for
each hand. The means of the five rounds of a participant were calculated for both hands and
compared between the conditions.

In the Go-No-Go inhibition control task the ratio of mistakes over the total number of
trials was computed for each condition. A paired t-test was conducted to evaluate if there was
any difference between the error ratio of the two groups.

For the working memory task, the percentages of the mistakes (MISS, Timeout) to the
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total number of trials were assessed and a paired t-test was conducted for the 2-Back and 3-
Back task comparing the mean differences between the two conditions. For all three cognitive
tasks effect sizes (Cohen’s d) were calculated.

All effect sizes (Cohen’s d) are rounded to two decimal points. The Cohen’s d of 0.2 is
considered a small effect, the value of 0.5 as a medium effect and 0.8 as a large effect (Cohen,
1977). P values below .05 are classified as significant and indicated with “ * “, <.01 with “**”

and <.001with “***>,
9.1. Missing data

As mentioned before did the circumstances regarding the COVID-19 pandemic led to
the prolongation of data collection. For this reason, the statistical analysis was conducted on a
reduced sample resulting in an underpowered study. Considering the smaller sample size,
significant results are harder to detect and therefore also the effect sizes for not significant
results are indicated in the following paragraph. Apart from the reduced sample size just a few
missing values were present of the heart rate data. For the mixed effect model technique that

was used, missing values are not problematic.

10. Results

The statistical analysis of the questionnaire data (n = 24) during the session included
a series of random intercepts and slopes models to assess the interaction of the conditions over
time on mood states. Also the cortisol data of the session (n = 16) and heart rate data (n = 24)
will be analysed through a random intercepts and slopes model. Mainly the interaction effects
of the random intercepts and slopes model are discussed in more detail in the result part, for
the main effects of the variables condition (Group) and time (Hour) see material in the at-
tachments. The cortisol awakening response (CAR) (n = 16) and the cognitive tasks (FIT, Go-
No-Go, N-Back) (n = 24) are assessed with a paired t-Test.

Manipulation check: The manipulation check was fulfilled as the visual analogous
scale for social desire (“How strong is your desire for social contact right now?”’) resulted in
a significant difference between the isolation and neutral condition over time F(23.11) = 5.37,
p =.03*, Cohen’s d = 0.96 (Figure 7, Table 1). These statistical values indicate a very strong
significant effect of the isolation condition on the desire for social contact. It shows the only
significant effect within this study, verifying the hypothesis that social isolation leads to a

higher need for social contact than the neutral condition.
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Figure 7

Desire for social contact comparing isolation and neutral condition

80 -
60 -
2 /
c [ — group
O 40 -
= / 0
= 20 - -
O -
1l0 1I2 14 16 18
Time

Note. Line graph showing the averages of the VAS for social desire over the whole eight ex-
perimental hours (n = 24). The Y-axis shows the VAS scale averages ranging from 0-100 and
the X-axis the five measurement times without the indication of the minutes. The blue line
(group=1) indicates the values throughout isolation condition and the red line (group= 0)
throughout neutral condition. Error bars can be below zero because the SD is sometimes big-
ger than the mean. A significant difference appears over the experimental time between the

two sessions.

Emotional states: The analysis of the tools to assess variants around emotional states
did not show any significant effects between the two conditions over time. The interaction
effect of the Multidimensional mood questionnaire (MDBF) resulted for the dimension “good
and bad mood” in a non-significant difference F(23.14) = 0.07, p = .79, Cohen’s d = -0.11
(Figure 8; Figure 10). Also, the interaction effects of the other two dimensions did not show
significant differences between the groups neutral and isolation. In the “wakefulness and
tiredness” dimension the values F(124.97) = 0.48, p = .49, Cohen’s d = 0.12 were present and
for the dimension “calm and agitated” F(22.51) = 0.09, p = .77, Cohen’s d = -0.13 (Figure 8).
The standard deviations (SD) for the dimension “good-bad” ranged from 0.68 to 0.81
throughout the isolation condition and from 0.52 to 0.87 in the neutral condition, for the di-

mension “wakefulness and tiredness” from 0.78 - 0.94 during social isolation and from 0.65 -
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0.98 throughout the neutral condition. The SD of the third dimension “calm and agitated”
ranged from 0.44 to 0.77 in isolation and from 0.49 to 0.83 in the neutral session. The SD are
mentioned because error bars in Figure 8§ would hinder clarity.

The main effect of the variable time (Hour) appeared to be significant in the dimension
“calm-agitated” F(24.77) = 4.28, p = .049*. This result of the main effect (Hour) implies that
in both session a similar significant (calm-agitated) change over the eight-hour time-period

appeared.

Figure 8

Mood questionnaire — MDBF comparing isolation and neutral condition on all dimensions
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Note. Line graph showing the averages of the MDBF over the whole eight experimental hours
(n =24). The Y-axis shows the five-point Likert scale averages and the X-axis the five meas-
urement times. Solid lines indicate the Likert values throughout isolation condition and
dashed lines throughout neutral condition. Green lines comprise the dimension good-bad
(GB), red lines the dimension cal/mness-agitated (CA) and blue lines the dimension wakeful-
ness-tiredness (WT). SD throughout isolation condition: SD(GB) = 0.68 - 0.81; SD(WT) =
0.78 - 0.94; SD(CA) =0.44 - 0.77. SD throughout neutral condition: SD(GB) = 0.52 - 0.87;
SD(WT) = 0.65 - 0.98; SD(CA) = 0.49 - 0.83.
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The second mood questionnaire (POMS) assessing different nuances of mood during
the session did not show any significant interaction effects either on any of the five dimen-
sions (Figure 9). The values resulted for the sub dimension sadness in F(27.15) = 0.05, p =
.83, Cohen’s d = 0.09, for hopelessness in F(32.01) = 0.16, p = .69, Cohen’s d = -0.14, for
fatigue in F(59.83) = 0.07, p =.79, Cohen’s d = 0.07, for positive mood in F(43.87) = 1.99, p
= .17, Cohen’s d = -0.43 (Figure 10) and for anger in F(23.66) = 0.79, p = .38, Cohen’s d =
0.37. These results present the change, over the time between the two sessions regarding
mood (Figure 9). The standard deviations (SD) for the dimension sadness ranged from 0.85 -
1.02 throughout the isolation session and from 0.56 - 0.89 in the neutral condition, in the di-
mension hopelessness from 0.67 - 0.87 in isolation and from 0.56 - 0.86 in the neutral condi-
tion, for the dimension fatigue from 1.40 - 1.52 during the isolation session and 1.02 - 1.30 in
the neutral condition, for positive mood between 1.00 - 1.25 in isolation and between 0.95 -
1.37 in the neutral condition and lastly for anger from 0.43 - 6.72 throughout isolation and
from 0.47 - 0.90 during the neutral session. The standard deviations are described because
error bars are not indicated in Figure 9 to enhance clarity.

In no dimension of the mood questionnaires (MDBF/ POMS) significant changes ap-
peared over the eight-hour period comparing the isolation and neutral condition. Nevertheless
one main effect of the variable time (Hour) was significant for the dimension fatigue F(22.76)
=9.15, p = .006** indicating that in both session the fatigue levels rose over the experimental

time.
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Figure 9

Mood questionnaire — POMS comparing isolation and neutral condition on all dimensions
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Note. Line graph showing the averages of the POMS over the whole eight experimental hours
(n = 24). The Y-axis shows the seven-point Likert scale averages and the X-axis the three
measurement times. Solid lines indicate the Likert values throughout isolation condition and
dashed lines throughout neutral condition. Colours indicate the dimensions: red lines = anger
(ANG), light-green lines = fatigue (FAT), dark-green lines = hopelessness (HOP), blue lines =
positive mood (PM) and pink lines = sadness (SAD). SD throughout isolation condition:
SD(ANG) =0.43 - 6.72; SD(FAT) = 1.40 - 1.52; SD(HOP) = 0.67 - 0.87; SD(PM) = 1.00 -
1.25; SD(SAD) = 0.85 - 1.02. SD throughout neutral condition: SD(ANG) = 0.47- 0.90;
SD(FAT) = 1.02- 1.30; SD(HOP) = 0.56 - 0.86; SD(PM) = 0.95 - 1.37; SD(SAD) = 0.56 -
0.89.
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Figure 10

Boxplots comparing the mood dimensions: positive mood (POMS) and Good-Bad (MDBF)
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Note. Boxplots of the dimensions positive mood (POMS) right and good-bad mood (MDBF)
left (n = 24). Showing the differences of emotions between the isolation (blue = 1) and neutral

(red = 0) condition. The Y-axis indicating the time points without the minute declaration.

Visual analogue scales assessing related aspects around emotional states: The
visual analogue scale (VAS) questions assessed various other contents around mood during
the experiment. Also, a random intercepts and slopes model was used to analyse the interac-
tion of the session and time of the different psychological aspects. No significant interaction
effect of the experimental manipulation appeared in ten of the eleven visual analogue scale
questions. The exception which resulted in a significant difference of the two groups through-
out the sessions was the manipulation check of the perceived wish for social contact (Figure
7). Table 1 shows an overview of all the effect sizes (Cohen’s d) and the p-values. Three main
effects of the variable time (Hour) were significant including the VAS “How strong is your
need to leave this situation?” F(23.05) = 19.97, p = <.001*** and “How bored do you feel at
the moment?” F(23.43) = 19.55, p = <.001*** implying that in both session the boredom lev-
els and desire to leave the situation significantly changed over the experimental period (8h).
The other values of the interaction effects, main effects and statistical parameters (F value; df)

of all visual analogue scale questions can be found in the attachments.
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Table 1
The interaction effects between time and condition of the random intercepts and slopes model
of all visual analogue scale questions (VAS)

Cohen’s d p-value
(interaction

effect

time:condition)

VAS asked every hour (9 times)

“How anxious do you feel at the moment?” -0.07 .87
“How much do you have the situation under control?” 0.01 .98
“How stressed do you feel?” 0.05 91
“How strong is your need to leave this situation?” 0.06 .89

VAS asked every second hour (5 times)

How strong is your desire for food at the moment?” -0.07 .84

“How strong is your desire for social contact right 0.96 03*
now?”

“How hungry do you feel at the moment?” 0.18 .58

“How lonely do you feel at the moment?” 0.49 24

“How bored do you feel at the moment?” 0.44 21

VAS asked every third hour (3 times)

“How strong is your desire to use your smartphone?” -0.04 92
“How strong is your desire to use the internet?” 0.22 .59
Note. <.05%*

Stress — Cortisol response: The cortisol analysis (log(Imer)) which was conducted
on a smaller sample size (n=16) did not result in a significant interaction effect of cortisol
throughout the two conditions over the time F(28.40) = 0.49, p = .49; Cohen’s d =-0.26 (Fig-
ure 11). The main effects of the cortisol levels of the condition (Group) were F(29.98) = 0.12,
p = .74 and the main effect of time (Hour) F(28.40) = 134.72, p = <.001***, The main effect

of time shows a significant effect indicating that the cortisol levels changed similarly over
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time during both sessions which stays in line with the literature of decreasing cortisol release

throughout the day passing (Aktories et al., 2017).

Figure 11

Cortisol levels throughout the sessions comparing isolation and neutral condition
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Note. Comparison of cortisol levels between isolation (red) and neutral (blue) conditions
throughout the experimental session (n = 16). Y-axis indicating the cortisol levels in the saliva
(nmol/l) and X-axis showing the measurement points starting at 10:55 am till 6:55 pm. Error

bars +/- 1 SE.

The cortisol awakening response (CAR) which was calculated with a paired t-test
shows following values #(15) = 1.69, p = .11 and a Cohen’s d effect size of 0.90. This result
even though not significant shows a higher cortisol awakening response after the participants
experienced the neutral condition of the experiment. The difference is also visible in the bar
chart (Figure 12).

No significant influences over the eight-hour experimental time of the social isolation
compared to the neutral condition was found in the cortisol levels, despite some notable dif-

ferences in the cortisol awakening response.
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Figure 12

Cortisol awakening response after isolation and neutral session
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Note. Cortisol awakening response after the isolation (red) and neutral (blue) sessions (n =
16). Y-axis indicating the cortisol levels in the saliva (nmol/l) and X-axis showing the condi-

tion experienced the prior day. Error bars +/- 1 SE.

Heart rate: The physical arousal measured through the heart rate did not indicate a
significant difference between the isolation condition and the neutral condition. The heartbeat
values per minute resulted in F(60.99) = 0.09, p = .77, Cohen’s d of 0.08 for the interaction
effect, which reflects a not significant difference of the means. A second random intercepts
and slopes model was done excluding the first four hours of the experiment to assess if a dif-
ferent heart rate appeared after four hours into the experimental session resulting in the inter-
action effect values F(62.85) = 0.37, p = .54, Cohen's d of -0.15. The main effect of time
(Hour) showed a significant effect F(25.50) = 7.25, p = .01* indicating a similar hear beat
pattern throughout both sessions over the experimental time (Figure 13).

Seeing from the total values the average heartbeat over the whole eight experimental
hours in the neutral condition (74,17 bpm) is slightly lower than during the isolation
(74,18bpm) session, which is also visible in the graph (Figure 13). Nearly from the beginning
to the end of the session the heart rate was slightly higher within the isolation condition but
never significantly. The manipulation of induced isolation did not significantly influence the

physical arousal (heart rate) in comparison to the neutral condition.
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Figure 13

Hear rate (HR) throughout the experiment of isolation and neutral session
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Note. Heart rates (bpm) throughout the isolation (blue = 1) and neutral (red = 0) conditions (n
= 24). First hour was deducted from analysis since the HR-belt was placed on the participant
before experiment started. X-axis indicating the average heart rate and Y-axis showing the

hours.

Cognitive tasks: The paired t-test assessing all three cognitive tasks after the session
did not show significant results. The Finger Tapping motor control task for the right hand
showed the values #23) = 0.84, p =41, Cohen's d = 0.35 and for the left hand #23) = 0.88, p
=.39, Cohen's d = 0.37 indicating no significant difference in motor control between the two
conditions. The absolute values of participants had on average around half a tap more for both
hands in the neutral compared to the isolation condition. The participants achieved 30.99 taps
in the neutral and 30.43 taps in the isolation condition with the right hand and 26.79 taps in
the neutral versus 26.15 taps in the isolation session with the left hand.

The Go-No-Go task testing the inhibition control resulted in #23) = 1.55, p =.13, Co-
hen's d = 0.65. This result shows the number of mistakes over the number of trials were high-
er in the neutral group even though no significant difference appeared. In absolute numbers,
there were 100 more mistakes in 12000 trials made in the neutral condition than in the isola-

tion session.
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The N-Back task which assesses the working memory of the two groups resulted in
#(23)=0.38, p =.71, Cohen's d = 0.65 of the 2-Back subtest. The results for the 3-Back task
are #(23) = 1.54, p =.14, Cohen's d = 0.64. In both conditions the weighted mistakes were
higher in the neutral condition even though the results are not significant. The total values in
the 2-Back task show 205 mistakes in the neutral compared to 193 mistakes in the isolation
condition out of 2400 trials. In the 3-Back subtest a ratio of 400 mistakes in the neutral com-
pared to 334 mistakes in the isolation session over 2400 trials were present.

The results of the control task X-Now did not show abnormalities which implies that
the participants understood the task and that the results of the 2-Back and 3-Back task are
valid for interpretation. The social isolation period of eight hours did not result in significant
differences of the motor control, inhibition control or working memory despite the implication

of small to middle effect sizes of the Cohen’s d values.

11. Discussion

The main purpose of this study was to investigate whether the experimental induced
state of social isolation lasting eight hours has an impact on the mood states and physical
stress response. The hypotheses derived accordingly to the literature suggest that social isola-
tion of eight hours will lead to more negative mood than the neutral condition including social
interactions. Moreover, a higher physical stress response was expected during the isolation
condition and a higher cortisol awakening response afterwards in comparison to the neutral
session. Contrary to the predictions (Clark & Watson, 1988; Cruwys et al., 2013, Eisenberger
et al., 2003; Eisenberger, 2015; Kross et al., 2011; McIntyre et al., 1990; Mclntyre et al.,
1991; Newsom et al., 2003; Rook, 2001; Vittengl & Holt, 1998) no significant difference in
the mood levels between the two groups could be validated according to the findings within
this study. The results gathered from the analysis of the dimensions good/bad (MDBF) and
positive mood (POMS), show that slightly worse emotions were present in the perceived
mood states of the individuals during social isolation. However, no significant distinction was
assessed. The main explanation for a missing effect could be the very short time span of the
isolation period. Given the low number of studies focusing on short-term effects of social iso-
lation, it is not known yet from which timepoint it is expected to see a significant impact of
social deprivation on mood. It is possible that periods of short-term isolation did not yet influ-
ence the emotions strongly enough as it does when humans feel lonely or in solitary confine-
ment over a longer period (Gamman, 2001 as cited in Smith, 2006; Haney, 2003). Consider-
ing that the negative mood was slightly higher in the isolation condition maybe over a longer

period a stronger difference will appear between the two conditions. Another explanation
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might lay in modulating variables as the personality traits extraversion and introversion. An
extravert is a person who seeks excitement, enjoys the company of people, likes to take risks
and appears friendly in exchange with others (Parija & Shukla, 2014). In experiments, people
with extrovertive traits could bear isolation situations less, in comparison to introverts (Fran-
cis, 1969; Tranel, 1962). Extraversion was also shown to be negatively correlated with loneli-
ness (Saklofske & Yackulic, 1989). In another study which focused on brain functioning re-
searcher found out that the connection between the left dorsolateral prefrontal cortex and
loneliness was partly mediated by the influence of extraversion, which indicates that extraver-
sion characteristics might play a role in the development of loneliness in humans (Kong et al.,
2015). Considering these results extraversion should be controlled and be included as an in-
fluencing variable which mediates the connection between objective social isolation and the
aversive experience of it. Taking the extravert and introvert levels into account in the analysis
might result in significant differences between the isolation condition and the neutral condi-
tion already over a short period.

Contrary to expectations no differences in the physical stress response emerged be-
tween the two sessions. The cortisol levels throughout the isolation condition were very simi-
lar to the neutral condition. This finding stands against former research (Adam et al., 2006; J.
T. Cacioppo et al., 2000; Doane & Adam, 2010; Grant et al., 2009; Steptoe et al., 2004) and
various animal studies (Kanitz et al., 2004; Nation et al., 2008; Smith & French, 1997).
Again, the main explanation could be the short social deprivation period which only lasted
eight hours. Within this time frame no endocrine differences appear since physiological pro-
cesses might not react so quickly to the aversive situation. The cortisol levels were minimally
higher throughout the isolation condition but were so small that even with a full sample, it is
not probable to obtain a noteworthy difference. Another explanation could be that women
using oral contraceptives show less physical stress responses to psychological stress (Kirsch-
baum, Pirke et al., 1995). Considering that the majority of the sample used oral contraceptives
a strong enough endocrine stress response might have been suppressed to detect a difference
between the two sessions, whereas an effect could have been visible in women using other
contraceptive methods or none at all. Moreover, animal studies with monkey show that differ-
ent intensities of social stressors can impact the HPA-axis relational (Smith & French, 1997).
It could be possible that the social deprivation condition did not present a severe enough
stressor to show differences in the cortisol response. The participants were aware that the ex-
perimenter was sitting next door and it was possible to get in contact at any time, if the exper-

iment wanted to be discontinued. The knowledge of a person close-by and the steady oppor-
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tunity to contact it might have reduced the social derived stress. Furthermore, it might be pos-
sible that the two conditions of this study were not distinct enough to validate an effect in the
physical stress response. A neutral condition including interactions with familiar people in
person throughout the session might have resulted in a significant difference between the two
groups. Nevertheless, the subjective question assessing perceived stress did not show any dif-
ference and rather support the obtained results and missing differences in cortisol levels.

The results of the morning awakening response contradict the predictions of previous
studies (Adam et al., 2006; Doane & Adam, 2010; Grant et al., 2009) and a higher cortisol
awakening response (CAR) was present after the neutral condition than after the social depri-
vation. It might be possible that the individuals adapted to a low stimulation environment
throughout the social isolation period and their HPA-axis produced less cortisol, which re-
flected the CAR in the next morning. Alternatively, it can be hypothesised that the isolation
period without social contact could have had a relaxing effect on the participants resulting in a
reduced stress response the following morning.

In general, the two main hypotheses assessing the impact of short-term isolation on
mood and stress responses are mainly based on studies with loneliness, which comprises the
quality of social isolation and perceived feelings, whereas this study focused only on objec-
tive short-term isolation over eight hours. Inferring from the obtained outcome, perceived
loneliness and acute objective isolation might result in other consequences even though they
are highly correlated as shown in previous studies (Hawkley et al., 2008; Ruiz, 2007; Taylor
et al., 2016). Long-term isolation might produce feelings of loneliness and only these circum-
stances lead to worse mood and higher cortisol levels in humans even if animal studies predict
also a connection of objective social isolation and increased cortisol levels (Kanitz et al.,
2004; Nation et al., 2008; Smith & French, 1997).

Concerning the first sub hypothesis no significant increase of the heart rate during the
short-term isolation could be found in comparison to the neutral condition. This stands in con-
trast to the expectation but might reflect the missing effects in the physical and subjective
stress response which was just mentioned. An increased heart rate is a consequence of the
immediate stress response (Ulrich-Lai & Herman, 2009) but if less stress is experienced in the
social isolation condition, as stated by the cortisol awakening response data, an increased
heart rate is not very likely. However, a sudden increase was visible in both groups after a bit
more than four hours and the heart rate in the isolation group stayed a bit higher in the second
half of the experiment. The total averages between the two sessions underline this outcome

since the heartbeat throughout the isolation session was one bpm higher in comparison to the
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neutral session. It could be hypothesized that a longer social deprivation period could result in
a difference.

The hypothesis of an increased desire for social isolation in the social isolation condi-
tion could be validated within this experiment, which is consistent with previous research
concerning perceived social isolation (Aron et al., 2005; J. T. Cacioppo & Cacioppo, 2018a; J.
T. Cacioppo & Patrick, 2008; Dunbar & Shultz, 2007; Fliessbach et al., 2007; Inagaki et al.,
2016; LeDoux, 2012; Rilling et al., 2002). It further shows that the manipulation of the exper-
iment was successful and the individuals experienced a stronger wish for contact with others
when socially isolated. The women showed a very quick adaptive thrive to affiliate which
complies with the evolutionary perspective. It is also consistent with a stronger motivation for
social behaviour to keep their social homeostasis when socially deprived (Matthews & Tye,
2019). Loneliness ratings did not show significant differences; therefore, feelings of loneli-
ness did not appear so sudden and might explain the differences to previous research examin-
ing mainly loneliness. The strong desire for social contact was not induced by boredom since
no differences in the boredom levels appeared between the two sessions. Further uncontrolla-
bility was equal throughout both conditions, so this was not a confounding variable either.
Considering the significant impact of social isolation on social desire surprisingly no signifi-
cant difference appeared in the desire levels for a phone or internet throughout the two ses-
sions. The usage of the phone or internet would have given the opportunity to connect with
friends or family but astonishingly the contact over a third medium might not have fulfilled
the desire for human interactions.

Regarding a connection between social isolation and feelings of hunger and desire for
food no impact was apparent between the conditions. The individuals did not significantly
feel hungrier, nor wished for more food when socially deprived in contrast to animal studies
(Schipper et al., 2018). In both conditions the participants received the same exact amount of
food which corresponded to the calorie intake of an adult female, so a social deprived state of
eight hours does not increase food related feelings. Maybe if the subjects would have had the
chance to eat more especially addictive food like sweets a difference would appear within
social isolation.

Also, contrarily to expectations no significant effect of the social deprivation on the
three cognitive tasks measuring motor control, inhibition control and working memory,
emerged. Even though animal studies did predict an impact of social isolation on these entities
(Ouchi et al., 2013; Pereda-Perez et al., 2013; Shao et al., 2013) and human studies also

showed correlations between loneliness and cognitive processes (Gow et al., 2007; Wilson et
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al., 2007). One possible explanation is that the missing effects in the stress response reflect
the obtained results of the cognitive task. Increased arousal and stress can increase the focus
and attention, but since no significant physical changes were apparent no significant influence
on the performance was visible. Nevertheless, slight differences after the isolation session did
appear. The motoric function measured through finger tapping was slightly higher after the
neutral condition but in both other tasks assessing the inhibition control and working memory
the participant made less mistakes after the isolation session. This difference was more nota-
ble than the motoric results but still not significant. An idea for a missing effect in the perfor-
mance between the two conditions might be that the participants used almost the same energy
and resources over the day in both sessions which resulted in similar cognitive abilities. The
individuals might also welcomed a cognitive challenge with greater motivation after both ses-
sions since the experimental procedure could have been under stimulating.

In general, the results of mood, cortisol levels, heart rate and some other variables
showed tendencies that stayed mostly in line with the presumption of studies focusing on per-
ceived social isolation but did not reveal significant differences. Summing up a full sample
might result in significant outcomes between the conditions. It is also imaginable that a longer
isolation period is needed to lead to significant changes in mood, stress responses, physical
arousal and cognitive processes. Finally, a variation of the manipulation variable is possible
for example allowing interactions with affiliated persons, as real-life contact with related hu-
mans comprises an even stronger control situation. This leads to a stronger distinction be-

tween the social isolation and neutral condition and might reveals significant differences.
11.1. Limitations

The main limitation of the study comprises the incomplete sample size, leading to an
underpowered study, making it very hard to detect a significant effect of the manipulated var-
iable (social deprivation). Especially the sample used for the analysis of the cortisol level was
very underpowered. Only half of the calculated sample in the power analysis could be includ-
ed, therefore limiting the validity of the results. This fact might be the main reason why many
results of previous studies strongly differed. In addition to that the inclusion criteria of women
using hormonal contraceptives, in order to control for fluctuations in the hormonal cycle, lead
to a lower probability of revealing a difference between the two conditions. As mentioned
above, women using oral contraceptives show an attenuated cortisol response to stressors with
almost no difference to the baseline compared to non-users and males (Kirschbaum, Pirke et
al., 1995).

The extraordinary environmental circumstances surrounding the experimental period
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might also have biased the obtained data. The COVID-19 pandemic collided with the testing
of the participants. Considering that due to this situation most people needed to isolate for
long periods and social interactions were restricted almost throughout the whole year 2020, it
is possible that the subjects tested after February 2020 got habituated to social isolation.
Lastly some methodological restraints need to be mentioned. The model diagnostics
were not fully accomplished which might have had an impact on the results even with a very
robust model like the random intercepts and slopes model used for the analysis. Furthermore,
some baseline values differed between the two sessions, which is not desired since an effect
might not be entirely induced by the manipulation of the experiment. Another statistical limi-
tation lies in the structure of the data. The random intercepts and slopes model deals with
gradually rising or falling values, but a lot of variables showed fluctuating trajectories which
makes the estimates of the model weaker. An improvement of the model to control for fluctu-
ations might strengthen the precision of the estimates and raise the probability to obtain more

accurate results.
11.2. Implications

This study added very important insight in understating the complex processes within
humans, experiencing short-term social isolation. The results indicate that acute isolation does
not immediately affect mood changes, cortisol levels or physical arousal. Moreover, no signif-
icant influence of the acute social isolation on cognitive processes or other motivational states
like hunger could be validated. The main prominent finding is a sudden desire for social con-
tact within a short-term social deprivation period. Indicating that humans might immediately
react to countermeasure undesired circumstances and to prevent negative outcomes like nega-
tive mood, stress or health consequences resulting from them.

Considering the reduced sample size future studies should examine the acute forced
social isolation over a period longer than eight hours, with more subjects. Furthermore, the
sample should be variated and include males given that social support has different effects on
cortisol levels and perceived stress between the sexes (Kirschbaum, Klauer et al., 1995). Also,
in order to evaluate if a decreased sensitivity of cortisol (Kirschbaum, Pirke et al., 1995) is the
reason for a missing effect of the social isolation condition, women without contraceptives
should be examined. Lastly, different nuances of social interactions should be assessed as
contact with related persons, may account for a stronger manipulation and difference between
the two conditions. These adaptations on one hand could help clarify the contrasting results of
this study to previous research; on the other it could clarify if humans are indeed able to be

alone for a longer period without severe negative consequences compared to animals.
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New developments like the current COVID-19 pandemic restrict people from meeting
and interacting so further knowledge in this field can be very valuable. The prevention of so-
cial interactions might have long term effects in the future of a person. Considering the results
of this study which imply that the desire for phone and internet is not significantly higher
throughout social isolation even though a strong desire for interactions were apparent, the
indirect contact over devices may not fulfil the need for affiliation in full extent. This finding
is very important regarding the current possibilities in the pandemic, which mainly allow
these kinds of interactions.

Summing up, humans inherit a biological imperative to connect with other people
which is directly linked to their reward system. This system evolved over a long period of
time and urges humans to affiliate soon after a very short period of social isolation as validat-
ed in this study. Future studies should focus on broader samples and a longer experimental
period with different manipulations of the control condition to give further knowledge about

this very crucial topic for humans.
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13. Appendix
13.1. Abstract (English):

Chronic social isolation is connected to various health risks. Strong evidence is shown for an
impact of long-term isolation on the mood and stress response. The questions addressed with-
in this study aim to clarify whether also short-term isolation results in crucial differences of
emotions and the cortisol stress response. To investigate this connection participants experi-
enced different experimental sessions including an isolation period without and an analogous
neutral session with social interaction over 8 h. Self-indicated emotional states (n = 24) and
cortisol levels in the saliva (n = 16) were measured throughout the sessions and the mornings
after, as indicators for mood states and stress. The random intercepts and slopes model as-
sessing the interaction of time and condition revealed significant higher desires for social con-
tact throughout the isolation session compared to the neutral session. In contrast no significant
influence of short-term isolation was found on emotional states or on the endocrine stress re-
sponse. The results imply an immediate increase of the desire to socially engage when isolat-
ed whereas emotional states and the physical stress response are unaffected within this short
period. This suggests a sudden motivational drive to reengage with others without prompt

psychological and physical discomforts.

Key words: social isolation, short-term social isolation, cortisol, stress, emotion, mood,

experiment, objective social isolation
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13.2. Abstract (Deutsch)

Chronische soziale Isolation ist mit verschiedenen Gesundheitsrisiken verbunden. Es gibt
starke Hinweise auf einen Einfluss der langfristigen Isolation auf die Stimmung und die
Stressreaktion. Die in dieser Studie behandelten Fragen zielen darauf ab zu kldren, ob kurz-
fristige Isolation ebenfalls zu entscheidenden Auswirkungen auf Emotionen und die Cortisol-
Stressreaktion fiihrt. Um diesen Zusammenhang zu untersuchen, nahmen die Teilnehmer an
verschiedenen experimentellen Sitzungen teil, einschlieBlich einer Isolationsperiode ohne und
einer analogen neutralen Sitzung mit sozialer Interaktion, jeweils liber einen Zeitraum von 8
Stunden. Selbst angegebene emotionale Zustinde (n = 24) und der Cortisol-Spiegel im Spei-
chel (n = 16) wurden wihrend der Sitzungen und am darauffolgenden Morgen als Indikatoren
fiir Stimmungszustéinde und Stress gemessen. Das fiir die statistische Analyse verwendete
Random Intercepts and Slopes Modell, welches den Zusammenhang von Zeit und Bedingung
erfasst, ergab im Vergleich zur neutralen Sitzung ein signifikant hoheres Verlangen nach so-
zialem Kontakt wihrend der Isolationsbedingung. Im Gegensatz dazu wurde kein signifikan-
ter Einfluss der kurzfristigen sozialen Isolation auf emotionale Zusténde oder die endokrine
Stressreaktion festgestellt. Die Ergebnisse implizieren eine sofortige Zunahme des Wunsches,
soziale Kontakte aufzunehmen, wenn isoliert, wihrend Emotionen und die physische Stress-

reaktion in dieser kurzen Zeit nicht beeinflusst werden.

Schliisselworter: soziale Isolation, kurzfristige soziale Isolation, Cortisol, Stress, Emo-

tionen, Stimmung, Experiment, objektive soziale Isolation
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CRH
EMA
FAT

FIT

GB
HNA-Axis
HOP
HPA-Axis
HR

IFG
MDBF
POMS
POS

SAD

SCN

SD

SN

VAS
VTA

WT

Cortical-releasing-hormone
Ecological momentary assessment
Fatigue

Finger Tapping Test

Good — bad mood dimension
Hypothalamus-pituitary-adrenal axis
Hopelessness dimension
Hypothalamus-pituitary-adrenal axis
Hear rate

Inferior frontal gyrus
Multidimensional Mood Questionnaire German
Profile of Mood States

Positive mood dimension

Sadness dimension

Suprachiasmatic nucleus

Standard deviation

Substantia nigra

Visual analogue scale

Ventral tegmental area

Wakefulness — tiredness dimension
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13.6. Supplementary Material

13.6.1. Timeline of the neutral session
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13.6.2. Timeline oft the social isolation session
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13.6.3. Manual for neutral session

(including all questions asked throughout the sessions with the iPod)

> Lhiversitat
wien

Der Einfluss von sozialen und nicht
sozialen Bedurfnissen auf den
korperlichen Zustand

Sitzungsmanual
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Die kérperlichen Auswirkungen durch soziale und nicht soziale motivationale Zustdnde — Sitzungsmanual
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Die kérperlichen Auswirkungen durch soziale und nicht soziale motivationale Zusténde — Sitzungsmanual

Vielen Dank fiir deine Teilnahme an dieser Studie!

Dieses Manual soll dich an alles erinnern, was du wahrend der Trainingsphase eingelibt hast. Du
kannst es jederzeit zu Rate ziehen, wenn du dir bei einer deiner Aufgaben unsicher bist.

Die Raumlichkeiten

10:55 - 19:05: Hauptraum

o Der Hauptraum besteht aus dem grofSten Raum in den Laborraumlichkeiten. Hier stehen
dir verschiedene Gegenstdande zur Beschaftigung, das Speichelproben-Kit und
gemiitliche Sitzmoglichkeiten zur Verfugung.

e Fihle dich frei deine eigenen, sowie auch alle anderen Gegenstande, die auf dem Tisch
bereit stehen, zu benutzen! Du darfst frei entscheiden, wie du dich beschéftigst, es gibt
keine Vorgaben.

Bitte fiihre keine schweren kérperlichen Ubungen durch, die die Herzrate erhéhen.
Bitte versuche nicht zu schlafen.

Alle weiteren Raumlichkeiten um den Hauptraum herum sind Staurdume und andere
Testraume, die dir vom Testleiter gezeigt wurden. Bitte betrete diese nicht.

o Du kannst wahrend der gesamten Sitzung die Toilette am Ende des Gangs nutzen.
Versuche im Hauptraum zu sein, wenn es Zeit fur eine der geplanten Aktivitaten ist, die
im nachsten Kapitel erklart werden.

® Im Falle eines Notfalls gibt es einen Notausgang, der durch griine Exit-Schilder
gekennzeichnet ist.

e Lass die Tur zum Hauptraum immer geschlossen. SchlieRe die Tur immer, wenn du vom
Gang zurtick kommst.

® Die Tur zum Hauptraum wird manchmal fir einen kurzen Zeitraum von maximal 2
Minuten abgeschlossen, wenn Mitarbeiter den Gang benutzen oder auf die Toilette
gehen. Der Notausgang ist immer offen.

o Der Raum ist mit einer Kamera ausgestattet. Diese Kamera nimmt nichts auf. Das Bild
wird auf den Computer der Testleiter tibertragen und sie wird nur genutzt, damit die
Testleiter sicherstellen kénnen, dass alles gut verlauft. Es wird kein Ton Gbertragen und
das Video nicht gespeichert.

o Waihrend dieser Phase ist es sehr wichtig, dass du den Testleiter nicht kontaktierst,
auBer: 1. es tritt ein Notfall ein (z.B. ein gesundheitliches Problem oder ein Alarm)
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Die kérperlichen Auswirkungen durch soziale und nicht soziale motivationale Zusténde — Sitzungsmanual

ODER 2. du méochtest deine Teilnahme an der Studie beenden. Wenn du den Testleiter
kontaktierst kénnen wir deine Daten leider nicht mehr benutzen.

19:05 - 20:15: Aufgabenraum

o Du wirst durch den iPod dariber informiert, den Hauptraum zu verlassen und in den
Aufgabenraum zu gehen.

e Hier wirst du alleine vier Aufgaben am Laptop durchfiihren: eine Aufgabe, in der du die
GroRe von Bildern veranderst und sie anschlieRend bewertest und drei kognitive
Aufgaben. Die Aufgaben dauern zusammen mit den Ubungsrunden ca. 60 Minuten.

e Am Ende der Aufgaben wird der Testleiter aus einem anderen Raum einen Fragebogen
am Computer fir dich 6ffnen, den du ausfiillen wirst. Der Testleiter kommt 5-10
Minuten spéater in den Raum. Achtung: es wird ein anderer Testleiter sein als am
Vormittag.
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Ein Handbuch zur Nutzung des iPods

Der iPod informiert dich (iber alle Aktivitdten, die du im Laufe des Tages durchfihrst.

An der Wand héangt ein Zeitplan aller Aktivitaten. Der Beginn und das Ende jeder Aktivitat wird
durch den iPod per Alarm angekiindigt. Bitte achte darauf, vor dem Beginn der Aktivitaten im
Raum zu sein, um keinen Alarm zu verpassen.

Allgemeine Informationen zum iPod

e Bitte schalte den iPod nie ab.
Achte darauf, dass der iPod immer aufgeladen ist.

e Die Tastensperre wird automatisch nach einer gewissen Zeit aktiviert. Falls der iPod auf
Ruhezustand schaltet und der Bildschirm schwarz wird, kannst du auf den runden
Hauptknopf, unten in der Mitte driicken. Anschliefend erscheint wieder die Anzeige
zum Entriegeln. Du kannst den iPod entriegeln, indem du von unten links nach unten
rechts wischst.
Bitte verstelle die Lautstarke nicht. Es ist wichtig, dass du jeden Alarm gut horst.

® Du hast keinen Internetzugang am iPod. Bitte benutze das Gerat nur zum Ausfillen von
Fragebdgen und Lesen von Benachrichtigungen.

o Die App, die wir zur Datenerhebung nutzen, hei3t ﬁ 3( D

08:54 -

iDialogPad. Bleibe immer in der App. Falls du ungewollt Kalonder Folos  Wetter U
. . . = r>>.
aus der App herauskommst, 6ffne sie wieder. o4 :
o Verstelle die Lautstarke nicht. Es ist wichtig, dass du o e A
jeden Alarm gut héren kannst! ' ‘ 4] L)

Aktien  Game CenterZsitungskiosk  iBooks

® Du hast keinen Internetzugang am iPod. Bitte verwende

den iPod nur flr die dafiir vorgesehenen Zwecke. v

Fassboomgglunes Store  Health  Einstellungen

iDialogPad

o= ]

Nachrichten  Mail Safari Musik
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e Dein Startscreen wird so aussehen. In der unteren Halfte des Bildschirms ist die Zeit des
nachsten Alarms zu sehen.

e Du musst die Fragebogen nie selbst 6ffnen. Sobald der Fod gzt Zm-

iPod klingelt, wird die erste Frage automatisch aufgezeigt, (4 iialogPad-v19528 @
wenn du den Bildschirm entsperrst.

o Der Alarm hort auf zu klingeln, wenn du die erste Antwort

angibst.

01:17:20 00:00

Der iPod kann aus 3 moglichen Grinden klingeln:

1. Messzeitpunkt

2. Mahlzeit
17:55
3. Gesprachszeit Timer aktiv
+ um dich dariiber zu informieren in den Aufgabenraum

zu gehen (19:05)

Messzeitpunkte

Der Alarm signalisiert einen Messzeitpunkt 5 Minuten vor jeder vollen Stunde (10:55, 11:55,
12:55, 13:55, 14:55, 15:55, usw.)

Du wirst die Messung nur durchfiihren kénnen, wenn du den Alarm horst. Du kannst die
Messung nicht selbst an einem anderen Zeitpunkt starten. Aus diesem Grund ist es wichtig,
dass du an den vorgegeben Zeiten (5 vor jeder vollen Stunde) im Raum bist.

Bitte verpasse keinen Alarm!
Jeder Messzeitpunkt besteht aus zwei Teilen:
Teil 1: Fragebogen

Teil 2: Speichelprobe
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Die Fragebogen

Immer wenn du den Alarm hérst, erscheinen die Fragen automatisch, sobald du den iPod
entsperrst. Beantworte sie alle. Die Fragebogen variieren in ihrer Lange, aber es dauert nie
langer als 5 Minuten, um sie auszufiillen. Bitte nimm dir Zeit, die Fragen aufmerksam zu lesen!

Die Fragen erscheinen nacheinander auf dem Bildschirm. Wenn du deine Antwort noch einmal
verandern willst, driicke auf den Zuriick-Button. ACHTUNG: du kannst immer nur eine Frage
zuriick springen.

iPod = 19:16 =

Nummerskalen (von 1-5, oder 1-7)

ausgeruht

® Driicke die Nummer, die du auswahlen mochtest.
e Achtung, die Bedeutung der Nummern kann je nach Frage

variieren! Schau dir die Labels (z.B.: tiberhaupt nicht/ sehr)

Uiber der Skala an, da diese die Bedeutung der héchsten und iberhaupt nicht sehr

niedrigsten Nummer kennzeichnen. L ——— - J
e Bestdtige die Auswahl mit OK (dieser Button taucht auf, sobald

du eine Nummer angeklickt hast).

Zuriick oK
Analoge Skalen

e Hier kannst du die Frage beantworten, indem du den grauen o 22

Knopf in die Richtung des Labels verschiebst, das auf dich ggztf::;tg“h'std“dim
zutrifft (hier "Uberhaupt nicht intensiv" oder "intensiv").
e In diesem Beispiel wurde der Knopf (noch) nicht von der Mitte

wegbewegt.
gar nicht sehr stark
e T
Zuriick OK
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Fragen zu deinem momentanen Zustand

Du wirst nicht bei jedem Messzeitpunkt die gleichen Fragen beantworten. Manche Fragen
wiederholen sich 6fter als andere. Schau dir diese Liste an, falls dir einige Fragen unklar sind
oder du die Anfangsfrage vergessen hast, nachdem du begonnen hast, die individuellen Items
zu beantworten.

Frage Erkldrung und einzelne Auswahlmaglichkeiten

,Im Moment fiihle ich mich...” Hierzu wird dir eine Liste mit AuswahImaglichkeiten prasentiert, fur
jede Mdglichkeit stufe bitte auf einer Skala von 1 (iberhaupt nicht)

bis 5 (sehr) ein, inwieweit diese momentan auf dich zutrifft:

e zufrieden e schlafrig

e ausgeruht e wohl

e ruhelos ® ausgeglichen

e schlecht e ungliicklich
® wach

¢ schlapp e unzufrieden

e gelassen e angespannt

e mide e frisch

e gut e gliicklich

e unruhig ® nervés

e munter (] erm-attet

e unwohl * ruhig

® entspannt

® gestresst

e erschopft

e unmotiviert

®  aktiv

e Im Moment kann ich

mich gut konzentrieren
e Im Moment traue ich
mir korperlich viel zu

,Nachfolgend finden Sie eine Liste mit
Wortern, die verschiedene Gefiihle und jede Moglichkeit stufe bitte auf einer Skala von 1 (liberhaupt nicht)

Hierzu wird dir eine Liste mit Auswahlmaglichkeiten prasentiert, fur

Gefiihlszustédnde bis 7 (sehr stark) ein, inwieweit diese momentan auf dich zutrifft:
beschreiben. Bitte lesen Sie sorgfdltig ® zornig
Jjedes einzelne Wort und kreuzen Sie ® abgeschlafft
dann die Zahl an, die am besten Ihren o unglucklich
Gefiihlszustand im Moment beschreibt. e traurig
Bitte machen Sie bei jeder e angenehm
Aussage ein Kreuz.” e betribt
e freudig
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hoffnungslos
miide
verdrgert
frohgemut
entmutigt
frohlich
erschopft
heiter
verzweifelt
wiitend
entkréftet
lustig

"Wie grof$ schétzen Sie Ihre Angst im
Moment ein?"

Beantworte die Frage auf der analogen Skala von “keine Angst” (ganz
links) zu “grosse Angst” (ganz rechts).

"Wie sehr haben Sie die Situation unter
Kontrolle?"

"Wie sehr fiihlen Sie sich gestresst?"
"Wie stark ist Ihr Bediirfnis diese
Situation zu verlassen?"

"Wie hungrig fiihlen Sie sich im
Moment?"

"Wie einsam fiihlen Sie sich im
Moment?"

"Wie gelangweilt fiihlen Sie sich im
Moment?"

Beantworte diese Fragen auf der analogen Skala von “gar nicht”
(ganz links) zu “sehr stark” (ganz rechts).

"Wie stark ist dein Wunsch nach Essen
im Moment?"

"Wie stark ist dein Wunsch nach
sozialem Kontakt im Moment?" *

"Wie stark ist dein Wunsch, dein Handy
im Moment zu benutzen?"

"Wie stark ist dein Wunsch, das Internet
im Moment zu benutzen?"

Beantworte diese Fragen auf der analogen Skala von “lUberhaupt
nicht” (ganz links) zu “sehr stark” (ganz rechts).

*'Sozialer Kontakt' stellt einen oder mehrere der folgenden Punkte
dar: Jemanden sehen, horen, beriihren und mit jemandem
sprechen.
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Die Speichelproben

Direkt nachdem du alle Fragen beantwortet hast, wirst
du darum gebeten, eine Speichelprobe abzugeben. Du
wirst anhand von Anweisungen am Bildschirm durch
die  Prozedur geleitet. Bitte benutze die
SpeichelgefaRe (Salicaps) nur, wenn du die Anweisung
dazu bekommst. Du hast genau 9 Behélter. In der
Tabelle darunter kannst du genau sehen, welche
GefaBnummer zu welchem Zeitpunkt benutzt werden
soll. Du wirst auch durch den iPod die Information

bekommen, welche Nummer du nehmen sollst.

Messzeitpunkt Nummer (Zeit) Salicap Nummer

1(10:55)
2 (11:55)
3(12:55)
4 (13:55)
5 (14:55)
)
)
)
)

6 (15:55
7 (16:55
8 (17:55
9 (18:55

VIO |IN[O| V| W[N]

Bitte lies alle Anweisungen am iPod aufmerksam durch!

1. Nimm das SpeichelgefaR (Salicap) mit der richtigen Nummer (in der App und in der Tabelle
oben angegeben). Bereite einen Strohhalm vor.

2. Vor jeder Probennahme solltest Du, wenn moglich, deinen Mund mit Wasser ausspiilen.
AnschlieBend bitten wir dich, einmal komplett allen im Mund befindlichen Speichel
herunterzuschlucken bzw. auszuspucken.

10
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3. Sammele nun flr 2 Minuten den Speichel im Mund, ohne den
Speichel hinunterzuschlucken und ohne absichtlich den ‘
Speichelfluss anzuregen. Hierfiir ist im iPod eine Zeituhr eingestellt.

4. Spucke anschlieBend tiber den Strohhalm den komplett
gesammelten Speichel in das Salicap. Lege den Strohhalm vor dir
auf ein Taschentuch.

5. Gebe die Nummer des Salicap-Gefalles in der App ein. Gebe dann
die richtige Uhrzeit an.

6. Achte darauf, das Salicap gut zu verschlieRen und verstaue esin |
der Kihlbox, in dem Plastikbeutel. SchlieRe den Plastikbeutel fest zu
und achte darauf, dass er gut von den Kiihlakkus bedeckt ist.

Wirf den Strohhalm in den Mdlleimer.

Mahlzeiten

Du bekommst jede zweite Stunde eine Mahlzeit: um 12:07, 14:02, 16:07 und 18:07. Sie werden
immer nach den Messzeitpunkten vergeben. Du wirst durch die Benachrichtigungen am iPod
Uber Beginn und Ende der Mahlzeiten informiert.

Fiir den Zweck dieser Studie ist es sehr wichtig, dass du zu den genau vorgegebenen Zeiten isst!
Die Kalorienanzahl und Zeiten der Mahlzeit sind bei allen Teilnehmerinnen gleich, daher ist es
nicht moglich, dass du mehr Essen bekommst oder zu einer anderen Zeit isst. Du bekommst im
Laufe des Tages drei Snacks und ein Mittagessen.

Mahlzeiten Zeitraume

Snack 1 12:07 —12:17 (10 Minuten)
Mittagessen 14:02 — 14:22 (20 Minuten)
Snack 2 16:07 — 16:17 (10 Minuten)
Snack 3 18:07 —18:17 (10 Minuten)

11
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Du bekommst fiir jede Mahlzeit folgende Benachrichtigungen:

o Wenn es Zeit ist, die Mahlzeit zu beginnen. Du wirst aufgefordert, das Essen vom Gang
zu holen. Der Teller steht auf einem Tisch vor der Haupttir. Du hast 10 Minuten Zeit fir
einen Snack und 20 Minuten Zeit fiir das Mittagessen.

o 3 Minuten, bevor du deine Mahlzeit beenden sollst. In den darauffolgenden Minuten
solltest du die Mahlzeit beenden

® Wenn es Zeit ist, die Mahlzeit zu beenden. Sobald du die Benachrichtigung bekommst,
bitte bringe die Teller (und ggf. die Essensreste) zurtick vor die Tir in die dafir
vorgesehene Box unter dem Tisch. Zur gleichen Zeit wirst du dazu aufgefordert, den
Laptop und das Handy fiir die Gesprachszeit vom Tisch zu holen (siehe nachstes Kapitel).

Wichtig! Bitte lasse jegliche Essensreste (auch Bananenschalen o0.3.) nach der Mahlzeit auf
dem Teller liegen.

Gesprachszeiten

Nach jeder Mahlzeit wirst du Gesprachszeit haben, die du dir im Voraus mit jemandem
ausgemacht hast. Jede Gesprachszeit dauert 30 Minuten.

Fiir den Zweck dieser Studie ist es sehr wichtig, dass du mit deinen Gesprachspartnern zu der

genau ausgemachten Zeit kommunizierst! Es ist nicht moglich die Zeitraume zu verandern. Es

ist moglich mit mehreren Personen wahrend eines Zeitraums oder mit der gleichen Person zu

verschiedenen Zeitraumen zu sprechen. Du kannst auch deine "Notfallkontakte" anrufen, falls
ein Gesprach frihzeitig beendet wird.

Deine Gesprache verlaufen komplett privat ab - niemand wird sie abhéren, beobachten oder
irgendwie analysieren. Fuhl dich frei mit deinen Gesprachspartnern zu sprechen so wie immer.

Laptop und Handy sind nur fiir die Gesprachszeiten vorgesehen und du hast auch keinen
Internetzugang. Daher ist es wichtig, dass du diese nur fiir die geplanten Gesprache benutzt!

Gesprachszeit Zeit

1. 12:17-12:47
2. 14:25 - 14:55
3. 16:17 - 16:47
4, 18:17 - 18:47

12
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Du bekommst fiir jede Gesprachszeit folgende Benachrichtigungen:

o Wenn es Zeit ist, das Gesprach zu beginnen. Diese Benachrichtigung erhaltst du zur gleichen
Zeit, wie die Benachrichtigung die Mahlzeit zu beenden. Hole den Laptop und das Handy
beide vom Tisch vor der Haupttdr.

o Klappe den Laptop dabei nicht zusammen!
e Falls du den Laptop benutzt: Bringe den Laptop in den Hauptraum zum Tisch neben dem

Fenster und verbinde ihn mit dem Internetkabel.

o Warte bis die Internetverbindung hergestellt ist. Du kannst dies an dem Zeichen E
in der unteren rechten Ecke erkennen.
e Skype ist bereits getffnet. Logge dich mit Username und Password ein. Starte die
Gesprachszeit, sobald du bereit bist.
o Um die Lautstarke zu verdndern, klicke FN + Pfeil-Oben, bzw. FN + Pfeil-Unten
o Um die Helligkeit zu verandern, kliche FN + Pfeil-Rechts, bzw. FN U Pfeil-Links
e 3 Minuten, bevor die Gesprachszeit zu Ende ist. Bereite dich darauf vor, das Gesprach bald
zu beenden.
® Wenn es Zeit ist, das Gesprach zu beenden. Sobald du diese Benachrichtigung erhaltst,
logge dich bitte aus Skype aus und stecke das Internetkabel aus. Bringe Laptop und Handy
wieder zuriick auf den Tisch vor die Tar.

Messung der Herzrate

Wahrend der gesamten Sitzung wird deine Herzrate mithilfe des
Polar-Girtels gemessen.

Achte darauf, den Gurtel direkt unter deiner Brust zu
befestigen. Der Sensor sollte sich in der Mitte befinden. Der
Gurtel sollte fest sitzen, aber gleichzeitig nicht ungemiitlich
sein.
2N (2
=

Es ist sehr wichtig, dass der Girtel sich wahrend der gesamten
Sitzung nicht bewegt! Bitte entferne den Girtel wahrend der

gesamten Sitzung nicht, bis du am Ende des Tages (ca. 20:00) N o
dazu aufgefordert wirst.

Falls der Girtel herunter rutscht, versuche ihn so schnell wie \\/
moglich wieder in die richtige Position zu bringen und etwas

fester zu ziehen. Die Aufnahme der Herzrate erfolgt weiterhin

von selbst.

13
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Die Computeraufgaben

Kurz nachdem du deinen letzten Messzeitpunkt abgeschlossen hast, erhdltst du die
Benachrichtigung zum Aufgabenraum zu gehen (Zeit: 19:05). Du kannst dir ein Glas Wasser
mitnehmen.

Setze dich im Aufgabenraum vor den Laptop. Du siehst zundchst die Benachrichtigung "Driicken
Sie die Leertaste, sobald Sie bereit sind mit den Anweisungen zu beginnen". Beginne, sobald du
bereit bist, indem du auf die Enter-Taste driickst. Du wirst darum gebeten, deinen Stuhl in die
richtige Position zu ricken und deinen Korper und deine Hand wie auf den Bildern zu
positionieren. Dies ist wichtig, um verzerrte Ergebnisse zu vermeiden. Du wirst ca. 50 Minuten
fur die Computeraufgaben brauchen. Du wirst 4 Aufgaben durchfiihren: eine Aufgabe, in der
du Bilder vergroRerst und bewertest und drei kognitive Aufgaben. Zwischen der ersten und den
anderen drei Aufgaben wirst du eine kurze Pause haben (3 Minuten).

Bitte halte dich genau an die Anweisungen am Bildschirm! Du wirst einige Probedurchlaufe vor
jeder Aufgabe durchfiihren. Obwohl du alle Aufgaben vorhin bereits geiibt hast, ist es wichtig,
dass du die Anweisungen aufmerksam durchliest. Du kannst diese nur einmal lesen, bevor du
die Probedurchldufe beginnst.

Nachdem du die Aufgaben abgeschlossen hast, wird der Testleiter aus einem anderen Raum
einen Fragebogen fir dich am Computer 6ffnen. Der Testleiter kommt 5-10 Minuten spater zu
dir in den Aufgabenraum, um dich zu begrilen und dir die nachsten Schritte zu erklaren.
Wundere dich nicht: es wird ein anderer Testleiter sein, als am Vormittag!

Viel Spall und eine angenehme Zeit im Hauptraum!

14
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13.6.4. Sheet to schedule the conversations slots

Gesprachszeiten

Wahrend lhrer Sitzung werden Sie 4 Gesprachszeiten haben, die jeweils 30 Minuten
dauern. Sie werden Handy und Laptop der Universitat fiir die Gesprache verwenden.

Sie werden Zugang zu den Kontakten haben, die Sie in die untenstehende Tabelle
eintragen. Alle Nummern die Sie unten eintragen, werden fiir kurze Zeit an dem Handy
der Universitat gespeichert und nach Ende Ihrer Sitzung sofort wieder geldscht.

Falls Sie mochten, werden Sie ebenfalls lhren eigenen Skype-Account verwenden
kénnen und zu all Ihren Skype-Kontakten Zugang haben. Bitte vergewissern Sie sich
vor der Sitzung, dass Sie ihren Skype-Username und lhr Passwort fir Skype parat
haben.

Notieren Sie die Namen lhrer Gesprachspartner in der Tabelle so, dass Sie sie spater
wiedererkennen (Spitznamen), daneben die Telefonnummer und den Skype-Namen
(falls erforderlich). Notieren Sie zusatzlich einige Ersatzkontakte, die Sie anrufen
konnen falls ein Gesprach friihzeitig beendet wird oder das geplante Gesprach nicht
zustande kommt.

Bitte erinnern Sie lhre Gesprachspartner noch vor der Sitzung an den Termin.
Informieren Sie |Ihre Gesprachspartner, dass diese nicht mit Ihrem eigenen Handy
angerufen werden. Das Handy der Universitat hat eine anonyme Nummer. Daher wird
bei einem eingehenden Anruf “Private number” auf dem Display Ihrer Gesprachspartner
aufscheinen.

Die Struktur der Studie erlaubt keine Abweichungen der Gesprachstermine. Die von
Ihnen gewahlten Gesprachspartner missen innerhalb der folgenden Gesprachszeiten
verflgbar sein:

12:17-12:47
14:22-14:52
16:17-16:47
18:17-18:47

Sie kénnen auch mit der gleichen Person zu verschiedenen Gesprachszeiten
kommunizieren oder mit ein paar Personen innerhalb einer Gesprachszeit.

Bitte senden Sie uns den Gesprachszeitenplan spatestens 3 Tage vor der Sitzung
zu. Falls es zu Veranderungen beziiglich der Termine kommen sollte, informieren
Sie uns bitte so schnell wie moglich!

Dieser Plan dient Ihnen auch als Erinnerung wahrend der Sitzung.
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Gesprachszeiten

Haupttermine

Datum: 06.11.20

Zeit Name des/der Telefonnummer Skype-Name
Gesprachspartner/in

12:15-12:47 | Paul —068181929007 /

14:20 - 14:52 | Miriam —066473480587 /

16:15-16:47 | Benjamin —066473034370 /

18:15-18:47 | Paul —068181929007 /

Ersatzkontakte (mindestens 3)

Name des/der Telefonnummer Skype-Name
Gesprachspartner/in

Mama —066473138549 /

Franzi —068110724143 /

Paul —068181929007 /
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13.6.5. Food manual including meal options served throughout sessions

Friihstiick ~ 360 kCal

3 Stiick Toast (Olz Mehrkorn Toast)

10g Marmelade pro Toast (Darbo Erdbeermarmelade/Marillenmarmelade)
3g Butter (vegan) pro Toast (Becel, 618kcal/100g)

140ml Orangensaft (Happy Day 100% Orange Vitamin C)

Mittagessen 1 ~ 600 kCal

128g Spaghetti (Barilla n.5 Spaghetti)
200g Tomatosauce (Barilla Napoletaner)

for vegans
(Mittagessen 2) ~ 600 kcCal

128g Spaghetti (Barilla n.5 Spaghetti)

32g Pesto (Barilla | Pesti con Basilico e Rucola)

Snack 1 ~ 120 kCal
1 Banane (130-140g)

Snack 2 ~ 120 kCal
4 Stuck Kekse (Leibniz Vollkorn Kekse)

for vegans: around 27g of Veganz Keks

Snack 3 ~ 120 kCal
7 Stuck Cracker (TUC Original)

for vegans: around 27g Solleti Cracker

Abend Snack (n/a, but 500 kCal offered on the plate)
9 Stiick Cookies (Alnatura Dinkel Doppelkeks)
for vegans: 10 DM Bio Dinkel Doppelkekse
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13.6.6. Results overview

¢ Questionnaire data — Random intercepts and slopes model

e Cortisol data — Session data = Random intercepts and slopes model & CAR data =
paired t-Test

e HR data — Random intercepts and slopes model

e FIT data — paired t -Test

e  GO-NO-GO data — paired t-Test

e 2-Back task — paired t-Test

e 3-Back task — paired t-Test
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Questionaire Cohen’s d P Value F value df estimate
data:
MDBF
good_bad Group -0.082 0.8456 0.0388 22.897 -0.099
Hour 0.3149 1.0549 23.391 -0.014
Group:hour -0.110 0.7929 0.0705 23.138 -0.009
Wakeful- Group -0.316 0.09094. 2.9057 116.045 -0.731
ness_Tiredness
Hour 0.05494. 4.0964 22.628 -0.051
Group:hour 0.124 0.49029 0.4787 124.971 0.021
Calm_Agitated Group 0.036 0.93403 0.0070 22.100 0.032
Hour 0.04924* 4.2764 24.766 -0.028
Group:hour -0.126 0.76819 0.0890 22.513 -0.008
Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, **<.01, ***<,001
POMS Cohen’s d P Value F value df estimate
sadness Group 0.138 0.7284 0.1232 26.014 0.160
Hour 0.5599 0.3496 23.844 0.007
Group:hour 0.086 0.8250 0.0498 27.146 0.007
hopelesness Group 0.203 0.5943 0.2902 28.087 0.257
Hour 0.4509 0.5876 23.905 0.019
Group:hour -0.143 0.6890 0.1631 32.014 -0.012
fatigue Group 0.166 0.572733 0.3227 46.815 0.434
Hour 0.006076** 9.1485 22.759 0.084
Group:hour 0.068 0.792589 0.0698 59.826 0.013
positive_mood Group 0.234 0.4694 0.5337 38.965 0.406
Hour 0.1486 2.2334 23.069 -0.017
Group:hour -0.426 0.1653 1.9907 43.865 -0.053
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anger Group -0.348 0.3982 0.7393 24.435 -1.853
Hour 0.3650 0.8529 23.791 0.003
Group:hour 0.365 0.3838 0.7873 23.655 0.161

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, ¥**<.01, ***<,001

Cohen’s d P Value F value df estimate
MDBF- NO
Outliers exclud-
ing <3SD
good_bad Group -0.072 0.867 0.0287 22.280 -0.081
Hour 0.425 0.6599 22.968 -0.009
Group:hour -0.126 0.769 0.0883 22.317 -0.009
Wakeful- Group -0.316 0.09094 . 2.9057 116.045 -0.731
ness Tiredness
Hour 0.05494 . 4.0964 22.628 -0.051
Group:hour 0.124 0.49029 0.4787 124971 0.021
Calm_Agitated Group 0.127 0.77363 0.0849 21.204 0.103
Hour 0.05813 . 3.9832 22.633 -0.016
Group:hour -0.204 0.64506 0.2184 20.977 -0.012

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, ¥**<.01, ***<,001

POMS - NO Cohen’s d P Value F value df estimate

QOutliers exclud-

ing <3SD

sadness Group -0.116 0.7758 0.0829 24.826 -0.117
Hour 0.8841 0.0217 27.563 -0.008
Group:hour 0.321 0.4181 0.6768 26.343 0.021

hopelesness Group 0.134 0.7333 0.1186 26.480 0.143
Hour 0.6193 0.2537 22.805 0.008

Group:hour -0.014 0.9691 0.0015 33.164 -0.001
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fatigue Group 0.247 0.44498 0.5954 38.965 0.602
Hour 0.01626 * 6.7819 21.809 0.085
Group:hour -0.008 0.97874 0.0007 46.539 -0.001
positive_mood Group 0.234 0.4694 0.5337 38.965 0.406
Hour 0.1486 2.2334 23.069 -0.017
Group:hour -0.426 0.1653 1.9907 43.865 -0.053
anger Group 0.125 0.7512 0.1026 26.434 0.147
Hour 0.9951 0.0000 28.284 0.007
Group:hour -0.167 0.6719 0.1834 26.445 -0.014
Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, **<.01, ***<,001
VAS 9 time Cohen’s d P Value F value df estimate
points
S1@Wie grof Group 0.078 0.8528 0.0352 22912 2.356
schétzt du deine
Angst im Moment
ein?
“How anxious do  Hour 0.9897 0.0002 24.498 0.067
you feel at the
moment?”
Group:hour -0.071 0.8662 0.0290 22.887 -0.140
S2@Wie sehr Group -0.063 0.8820 0.0225 22.988 -2.424
hast du die Situa-
tion unter Kon-
trolle?
“How much do Hour 0.6162 0.2582 23.106 -0.267
you have the
situation under
control?
Group:hour 0.010 0.9818 0.0005 22.666 0.021
S3@Wie sehr Group -0.062 0.8826 0.0223 22.871 -1.922
fiihlst du dich sich
gestresst?
“How stressed do  Hour 0.4952 0.4802 23.118 0.266
you feel?”
Group:hour 0.048 0.9094 0.0132 22.765 0.093
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S4@Wie stark ist

dein Bediirfnis

diese Situation zu

verlassen?

Group

0.091

0.8293272

0.0475

22.861

3.955

“How strong is

your need to leave

this situation?”.

Hour

0.0001744***

19.9658

23.050

3.455

Group:hour

0.061

0.8859441

0.0210

22.627

0.171

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, ¥**<.01, ***<,001

VAS S time
points

Cohen’s d

P Value

F value

df

estimate

Df@Wie stark ist
dein Wunsch nach

Essen im Mo-
ment?

Group

0.107

0.7845

0.0763

26.77

5.080

,.How strong is
your desire for
food at the mo-
ment?”

Hour

0.3321

0.9798

24.07

0.853

Group:hour

-0.073

0.8363

0.0434

32.54

-0.230

Dc@Wie stark ist
dein Wunsch nach
sozialem Kontakt

im Moment?

Group

-0.568

0.1869166

1.8508

22.934

-25.696

“How strong is
your desire for
social contact
right now?”

Hour

0.0003645%**

16.7474

26.130

0.864

Group:hour

0.964

0.0297399*

5.3665

23.112

2.780

H@Wie hungrig
fiihlst du dich im
Moment?

Group

-0.145

0.7008

0.1506

28.827

-5.995

“How hungry do
you feel at the
moment?”’

Hour

0.9005

0.0160

24.276

-0.179

Group:hour

0.184

0.5786

0.3140

37.074

0.527

L@Wie einsam
fiihlst du dich im
Moment?

Group

-0.143

0.730881

0.1211

23.800

-5.424

“How lonely do

Hour

0.002505

11.3149

24.741

1.305
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Group:hour

0.486

0.243259

1.4304

24272

1.220

B@Wie gelang-
weilt fiihlst du
dich im Moment?

Group

-0.142

0.6288652

0.2367

47.109

-6.883

“How bored do
you feel at the
moment?”.

Hour

0.0001895%**

19.5547

23.426

2.277

Group:hour

0.436

0.2079487

1.6466

34.617

1.377

VAS 3 time
points

Cohen’s d

P Value

F value

df

estimate

Dp@Wie stark ist
dein Wunsch,
dein Handy im
Moment zu be-
nutzen?

Group

0.186

0.64907

0.2123

24.452

12.451

“How strong is
your desire to use
your
smartphone?”

Hour

0.05524.

3.9892

29.042

1.767

Group:hour

-0.041

0.91926

0.0105

25.215

-0.173

Di@Wie stark ist
dein Wunsch, das
Internet im Mo-
ment zu benut-
zen?

Group

-0.092

0.8241

0.0505

23.917

-6.353

“How strong is
your desire to use
the internet?”

Hour

0.1473

2.2331

25.666

0.792

Group:hour

0.215

0.5939

0.2917

25.308

0.906

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, ¥**<.01, ***<,001

VAS 9 time Cohen’s d P Value F value df estimate
points NO Outli-
ers excluding
<3SD
S1@Wie grof Group -0.243 0.5786 0.3181 21.555 -3.918
schitzt du deine
Angst im Moment
ein?
Hour 0.5326 0.4023 21.603 -0.267
Group:hour 0.338 0.4410 0.6161 21.541 0.326
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S2@Wie sehr Group -0.058 0.8917 0.0189 22.534 -2.215
hast du die Situa-
tion unter Kon-
trolle?
Hour 0.6270 0.2426 22.982 -0.268
Group:hour 0.019 0.9649 0.0020 22.385 0.040
S3@Wie sehr Group -0.158 0.7154 0.1364 21.958 -3.688
fiihlst du dich sich
gestresst?
Hour 0.7171 0.1345 23.332 0.002
Group:hour 0.206 0.6369 0.2293 21.672 0.282
S4@Wie stark ist ~ Group 0.091 0.8293272 0.0475 22.861 3.955
dein Bediirfnis
diese Situation zu
verlassen?
Hour 0.0001744*** 199658 23.050 3.455
Group:hour 0.061 0.8859441 0.0210 22.627 0.171
VAS 5 time Cohen’s d P Value F value df estimate
points NO Outli-
ers excluding
<3SD
Df@Wie stark ist ~ Group 0.107 0.7845 0.0763 26.77 5.080
dein Wunsch nach
Essen im Mo-
ment?
Hour 0.3321 0.9798 24.07 0.853
Group:hour -0.073 0.8363 0.0434 32.54 -0.230
Dc@Wie stark ist ~ Group -0.568 0.1869166 1.8508 22.934 -25.696
dein Wunsch nach
sozialem Kontakt
im Moment?
Hour 0.0003645***  16.7474 26.130 0.864
Group:hour 0.964 0.0297399* 5.3665 23.112 2.780
H@Wie hungrig Group -0.145 0.7008 0.1506 28.827 -5.995
fihlst du dich im
Moment?
Hour 0.9005 0.0160 24.276 -0.179
Group:hour 0.184 0.5786 0.3140 37.074 0.527
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L@Wie einsam Group -0.143 0.730881 0.1211 23.800 -5.424
fihlst du dich im
Moment?
Hour 0.002505** 11.3149 24.741 1.305
Group:hour 0.486 0.243259 1.4304 24.272 1.220
B@Wie gelang- Group -0.142 0.6288652 0.2367 47.109 -6.883
weilt fiihlst du
dich im Moment?
Hour 0.0001895 19.5547 23.426 2.277
Group:hour 0.436 0.2079487 1.6466 34.617 1.377
VAS 3 time Cohen’s d P Value F value df estimate
points NO Outli-
ers excluding
<3SD
Dp@Wie stark ist ~ Group 0.186 0.64907 0.2123 24.452 12.451
dein Wunsch,
dein Handy im
Moment zu be-
nutzen?
Hour 0.05524 . 3.9892 29.042 1.767
Group:hour -0.041 0.91926 0.0105 25.215 -0.173
Di@Wie stark ist ~ Group -0.092 0.8241 0.0505 23917 -6.353
dein Wunsch, das
Internet im Mo-
ment zu benut-
zen?
Hour 0.1473 2.2331 25.666 0.792
Group:hour 0.215 0.5939 0.2917 25.308 0.906

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condition

and time. *<.05, **<.01, ***<,001
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Cortisol data Cohen’s d P value F value df estimate
With log trans- Group 0.124 0.7360 0.1158 29.980 0.057
formation

Hour 2.691e-12 ***  134.7194  28.398 -0.121

0.000

Group:hour -0.262 0.4909 0.4872 28.398 -0.015
Without log Group 0.141 0.6035 0.2729 55.215 0.129
transformation

Hour 9.336e-05 ***  27.8221 15.004 -0.323

Group:hour -0.185 0.5812 0.3099 36.203 -0.026

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-

tion and time. *<.05, ¥**<.01, ***<,001

t-test cort morn- Cohen’s d P value t-value df Mean of
ing awakening difference
0.902808475 0.1119 1.689 15 1.402745
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HR Data Cohen’s d P value F value df estimate
HR 8 hours Group 0.181 0.65805 0.2007 24.624 0.500
Hour 0.01235%* 7.2511 25.503 0.187
Group:hour 0.076 0.76778 0.0880 60.987 0.041
HR Data ex- Cohen’s d P value F value df estimate
cluding first 4
hours -
Group 0.330 0.269445 1.2497 45.790 1.728
Hour 0.006606 ** 8.8232 24.286 -0.366
Group:hour -0.154 0.543059 0.3740 62.852 -0.146

Note. Group = main effect of condition, Hour = main effect of time, Group:hour = interaction effect of condi-
tion and time. *<.05, **<.001, ***<.0001

Absolute num- Mean
bers

74.17189 HR

In control

75.18295 HR

In isolation
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Cognitive t-value Cohen’s d P value df Mean of dif-
tasks ference
FIT right 0.83535 0.348365 0.4121 23 0.555555
hand
Absolute 30.98611 30.43056 taps
means right taps in con- in isolation
hand: trol
t-value Cohen’s d P value df Mean of dif-
ference
FIT left hand 0.88147 0.367598 0.3872 23 0.6388888
Absolute 26.79167 26.15278 taps
means left taps in isolation
hand: in control
t-value Cohen’s d P value df Mean of dif-
ference
GO-NO-GO 1.5503 0.64651979 0.1347 23 0.008333333
Total num- 451 mistakes 351 mistakes Aprox. Each
bers of mis- (11549 right) (11649 right) participant
takes: in control in isolation had 4 more
mistakes in
control
t-value Cohen’s d P value df Mean of dif-
ference
2-Back 0.38234 0.1594468 0.7057 23 0.005
Total num- 205 mistakes 193 mistakes
bers of 2- (2195 right) (2207 right)
back mis- In control In isolation
takes
t-value Cohen’s d P value df Mean of dif-
ference
3-Back 1.5434 0.643642 0.1364 23 0.0275
Total num- 400 mistakes 334 mistakes
bers of 3- (2000 right) (2066 right)
Back mis- In control In isolation

takes
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