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Abstract

The Window of Tolerance (WoT) framework encompasses a wide range of arousal
levels in which emotions can be processed without disruption. WoT is commonly used in
clinical practice to have a better understanding of emotional fluctuations associated with
arousal. Nevertheless, there is an apparent gap in the literature exploring the WoT by
quantitative means in the context of daily life, which gives insight into the between and
within-subject variability of the WoT. Trait Interoceptive Sensibility (1S) defined as a self-
report of subjective body awareness was assessed next to the WoT, since increase in body
awareness was linked to an increase in self-reported emotional regulation. This study aims to
operationalize the WoT by means of arousal levels and empirically investigate between and
within-individual differences in the WoT and to explore possible associations between WoT,
arousal and IS. As such, a repeated measure design in the context of daily life was conducted
over a week with 6 measurements per day. A convenience sampling among students was used
(M= 25.47; SD= 8.625; 82.4% females). Body Perception Questionnaire (BPQ) Subscale:
Awareness was applied to assess IS. Mean state arousal and IS revealed a significant positive
moderate association (f = .35, p<0.01, 95% CI [.23, .50]). The association of the mean state
width of the WoT and IS showed a significant weak negative association (f =-.19, p<0.01,
95% CI [-.25, -.13]). There were found significant difference in the width of the WoT
between and within participants. Lastly, post-hoc analysis of mean state valence and IS
displayed significant strong negative association (3 = -.60, p<0.01, 95% CI [-.70, -.51]). The
current study provides novel inquiry about the association of trait IS and state arousal and the
individual within and between differences in the width of the WoT. Future studies should
integrate a more objective tool for measuring IS and to incorporate contextual factors in order
to examine the causes of variations.
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Association Between Width of the Window of Tolerance and Mean Arousal with
Interoceptive Sensibility in the Context of Daily Life

One of the central aspects of healthy emotions is the ability to regulate and process
emotional experiences (Raju et al. 2018). The capacity to regulate and process emotional
states is called the Window of Tolerance (WoT), which refers to the optimal feelings of
arousal containing many different emotions (Ogden & Minton, 2000; Siegel, 1999). The
framework of WoT and its features are often used in clinical settings in order to understand
and explain the disorders that appear due to severe trauma (Corrigan et al. 2011; Ogden et al.
2006). Nevertheless, although the trauma disorders are more comprehensible within the
theoretical framework of WoT, WoT framework is still not validated experimentally
(Corrigan et al. 2011). What is more, it has been suggested that the WoT differs across people
(Corrigan et al. 2011; Siegel, 1999), although the differences in the WoT have not been
empirically investigated to the author’s knowledge. In addition, due to the essential attributes
of emotions and affect, which vary with time (Kuppens, et al. 2010), it is highly likely that
there are within-person differences in the WoT, which have not been investigated likewise.
As such, the experience sampling methodology (ESM) is used, allowing to investigate the
aspect of within differences of the WoT by means of tracking affect levels in real-time (Myin-
Germeys & Kuppens, 2022), which grants the access to explore both within and between
differences of the individuals.

Although there is very little empirical research into how to quantify the WoT, this
research paper takes a first preliminary effort in order to quantify the WoT by means of
arousal. This could be achieved through the investigation of personal levels of arousal and
personal WoT boundaries, which could contribute to a more accurate assessment in regards to
an individual’s position in the WoT framework. Nonetheless, outside the WoT, there lies a

hyper and hypo arousal states, signifying extremely high or low arousal (Figure 1), where the
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arousal and associated emotional states are much more unbearable to the individual. When the
tolerance of emotions is crossed into either boundary, people tend to be disturbed by
dissociated bodily reactions, such as intrusive sounds, smells, body sensations (Ogden &
Minton, 2000). Consequently, the information cannot be effectively processed and new
learning is inhibited (Siegel, 1999). This could be especially detrimental to students, since
students have a higher stress levels due to academic pressure and higher prevalence of
psychological problems (Reddy et al. 2018; Sharp & Theiler, 2018; Weber et al. 2019).

Figure 1

The Window of Tolerance

Sympathetic-dominant Hyperarousal
Emotions: rage, panic and terror
Behavior: High risk practices, self-injury

Bodily reactions: Flight or fight, vigilance, charged

Window of Tolerance
Optimal arousal zone with workable ranges of emotion, encompassing intense emotions

and states of relaxation, whereas information processing is not disturbed.

Parasympathetic-dominant Hypoarousal
Emotions: Hopelessness, dulled feelings, flat affect, numb, helplessness.
Behavior: shame, dysthymia, depression, self-contempt

Bodily reactions: Low energy, sluggish immobility, shut down.

Thus far, since WoT was not empirically validated, an examination of possibly
associated constructs was limited. Since it is argued that an increase in body awareness is

associated with an increase in self-reported emotional regulation (Schuette et al. 2021), it
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would be valuable to explore the association of WoT and arousal with interoceptive
sensibility (IS), relating to self-evaluated assessment of subjective body awareness. Therefore,
a novel daily life study, exploring within and between WoT differences in an empirical
manner, could contribute to new and exciting insights. Further, the explored associations of IS
with WoT and arousal could have the potential to better predict emotions and coping in daily
life through possible future interventions.

Window of Tolerance and Arousal

Emotions can be differentiated on a scale from high to low arousal, whereas a wide
range of arousal levels are contained within the WoT. According to Siegel (1999), WoT is
described as a range of emotions within which the individual is able to experience arousal as
tolerable and manageable. According to Corrigan et al. (2011), the system outside the WoT is
characterized by an autonomic nervous system (ANS) and its response with sympathetic and
parasympathetic nervous systems are associated with hype and hypo aroused states. The
elicited behavior is expressed as disorganized movement, impulsivity, and seeking of sensory
stimulation with accompanying emotions; rage, panic and terror for hyper aroused state
respectively and as low energy, low vitality, passivity and poor eye contact with
accompanying emotions; helplessness, hopelessness and despair for hypo aroused state
(Corrigan et al. 2011), as illustrated in figure 1.

Consequently, the extremes of hyperaroused and hypoaroused states result in
detrimental effects on an individual’s physiology and behavior. High-risk practices and self-
injury are associated with a hyperaroused state, while shame, dysthymia, depression, self-
contempt, and loss of energy are associated with a hypoaroused state (Ogden et al. 2006). It is
hypothesized that the corresponding impulsive behaviors, such as substance abuse, seek to
regulate low and high arousal states (Corrigan et al. 2011; Raju et al. 2018). Hence, the efforts

employed by individuals to obtain emotional regulation by means of dysfunctional behaviors
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could result in a disorganized and turbulent experience, rather than goal-directed behavior,
resulting in a sense of accomplishment.

The exploration of individual arousal levels coupled with the limits of the WoT could
provide more accurate insights into differences in the individual’s WoT. According to Raju et
al. (2018), the WoT can be wide when the person is able to process high and low arousal,
such as excitement and calmness, respectively, and narrow when activation outside the WoT
results in a failure to cope with the experience.

Association of Interoceptive Sensibility with Arousal and Width of the WoT

Interoception is defined as the practice of sensing, interpreting, and assimilating
sensations of the internal body in a visceral manner (Cameron, 2001; Khalsa, et al. 2018). It is
the ability to sense one's internal body states and changes. There are three distinct types of
interoception, split into interoceptive accuracy (IC), interoceptive sensibility (IS), and
interoceptive awareness (IA) (Garfinkel et al. 2015). The distinction among the types of
interoception lies in the measurement instrument or a combination of them, such as objective
and subjective measurements, in the manner of heartbeat reports and self-report
questionnaires for IC and IS, respectively, and metacognitive awareness for IA (Garfinkel et
al. 2015). The subjective dimension of IS, gathered from self-reports, was chosen in the
current study since IS was already indicated to predict emotion identification and emotion
regulation (Schuette et al. 2021).

Furthermore, interoception may aid in establishing increased access to emotional
experience through the processing of emotions by an active response of being aware of the
bodily sensations (Ogden et al. 2006). The inspection of internal signals is crucial for guiding
self-regulatory behavior (Craig, 2002). Besides, the ability to sense changes, or being highly

interoceptive, varies from person to person (Garfinkelet et al. 2015). It is possible that a high-
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scoring individual in IS could be more aware of their body and process emotions more
efficiently, resulting in the diminishment of abnormal emotional and cognitive experiences.

As such, investigating IS and width of the WoT could be beneficial. It could be
valuable to try predict the aspects of width of the WoT from the measurements of IS. In
particular, since higher awareness of bodily sensations can promote the processing of
unprocessed bodily reactions and help with neural integration (Ogden & Minton, 2000; Rose,
2014). As such, exploring the associations between the width of the WoT and IS could be
essential for clinical practice.
The WoT in the Context of Experience Sampling Study

Most conventional cross-sectional methods used in the field of psychology focus on
dispositional characteristics and are limited by memory biases (Myin-Germeys et al. 2009;
Napa et al. 2009). More precisely, cross-sectional studies are exposed to selection and recall
biases, which can affect the results of the study (Talari & Goyal, 2020). Furthermore, the
importance of understanding the psychological variables and their expression in different
situations was highlighted by researchers in order to grasp the full extent of the conditions
under which behavior is elicited (Brunswik, 1949; Cattell, 1957). As such, attention was
directed towards the study of personality in a variety of contexts and the utilization of ESM
was supported to achieve that (Funder, 2001, as cited in Napa et al. 2009). Consequently, the
commencement of experience sampling methodology (ESM), started in the late 1970s and has
been attracting more attention in psychological research ever since (Bolger & Laurenceau
2013; Napa Scollon et al. 2009).

ESM, more specifically is used in order to track affect in real-time, which uses self-
reports in order to capture momentary experiences and their context, which allows greater
generalizability of the research findings (Myin-Germeys & Kuppens, 2022). In addition, the

exploration of within-group differences in personality-related constructs has recently



MEASURING THE WINDOW OF TOLERANCE

intensified (Mendoza-Denton & Ayduk, 2012). The interest likely originates from increased
finding of the variability of the individual’s behavior across diverse contexts (Mischel, 2004).

In addition, the research on arousal in the context of ESM has been examined
alongside various constructs, such as age, empathy, and emotional labor (Toomey & Rudolph,
2018). Another study in the context of ESM explored pleasure and arousal (Kuppens, 2008).
Nevertheless, so far the research into WoT and arousal is scarce and it has not been
empirically investigated. By its nature of investigating repeatedly naturally occurring
experiences, ESM is an ideal tool to investigate mental states, which allows to uniquely
explore within person variability and between person differences (Myin-Germeys et al. 2018),
which is essential for the current study, since it is uncertain whether WoT is a stable
characteristic within individuals.
Current study

As a consequence of the lack of the measurement tool of the WoT, this study's
foremost goal was to investigate WoT from an empirical point of view by integrating arousal
into the framework. The current study aimed to investigate the within and between person
differences of the WoT in the context of ESM, by means of multiple daily measurements
across a span of a week. The arousal scores were applied in order to quantify and examine the
WoT. Because the intrinsic aspect of emotions and affect is in its fluctuations over time
(Kuppens, et al. 2010), it was expected to find between and within differences in the width of
the WoT. First research question has been formulated:
RQ: How does the width of the window of tolerance vary within and between students’ as
measured in daily life?

Furthermore, IS is explored in relation to arousal. It is stated that monitoring of
internal signals is important for guiding self-regulatory behavior (Craig, 2002). As such, it

could be beneficial to further identify and examine IS on a trait level and its relation with
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arousal on a state level in the current research to test the association between IS and arousal.
Since an increase in IS was already associated with increased self-reported emotion regulation
(Schuette et al. 2021), it was expected that trait IS would be negatively associated with state
arousal. Second research question has been formulated:

RQ: What is the association between trait interoceptive sensibility and mean state arousal in
university students’ as measured in daily life?

Lastly, the study aimed to explore possible associations between trait IS and the mean
width of the WoT state. As a consequence of the lack of research, the ESM study could
provide a unique insight into average state levels of WoT in relation to IS as a trait.
Considering that higher awareness of bodily sensations can aid in the processing of
unprocessed bodily reactions (Ogden & Minton, 2000), it is hypothesized that IS is going to
be positively associated with the mean width of the WoT. Third research question has been
formulated:

RQ: What is the association between trait interoceptive sensibility and the average width of

the window of tolerance among university students?

Methods
Design
A longitudinal data collection design, using The Experience Sampling Method (ESM),

also referred as Ecological Momentary Assessment (EMA), was chosen for this study. The
method of ESM, provides the opportunity to collect the data in real-time, repeatedly across
several days and different occasions in the natural environment (Conner & Mehl, 2015). The
collected quantitative data was from a self-report, consisting of trait and daily state measures.
The collection of the data took place at University of Twente, starting from 08.04.2022 till

08.05.2022.
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Participants

This study applied a convenience sampling strategy among the student population.
After filtering the participants, the sample consisted of 17 participants. The standard
deviations, percentages and frequencies of demographic variables, age, gender and nationality
are displayed in table 1. The participants were recruited through the University of Twente
Sona systems, for which a reward of 0.75 sona credits was given, and other social media
platforms, such as WhatsApp and Facebook. The inclusion criteria were (1) adequate
comprehension of English, (2) willing to download the application “Ethica” and (3) being a
university student. These criteria were included in the participation description.
Table 1

Means (M), Standard Deviations (SD), Percentages (%) and Frequencies (N)

Variables Category All students, N=17
Age, M (SD) Age 25.5 (8.625)
Gender, n (%) Male 3(17.6)

Female 14 (82.4)
Nationality, n (%) German 14 (82.4)

Dutch 1(5.9)

Chinese 1(5.9)

South African 1(5.9)

The planned sample was 50 participants in the current study in the interest of obtaining

30 participants after filtering. Nevertheless, the current study managed to recruit 32
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participants in the original sample, whereas 5 participants were removed due to not fully
completing the trait questionnaire, 2 were removed due to dropouts, and 8 were excluded as a
consequence of low compliance, resulting in 17 participants. The compliance cutoff point,
according to Myin-Germeys and Kuppens (2022), is an arbitrary decision and although
Conner and Lehman (2012) recommends a compliance rate of 50%, due to the considerable
number of frequencies of measurements per day and the already high number of participants
excluded, the current study settled at a 40% compliance rate. Accordingly, the compliance
rate for the current study was 41.7%-97.9%.
Materials

The data collection for this study comprise several materials. First of all, participants
used their own 10S or Android smartphones in order to fill in online surveys, assessing trait
and state levels of psychological constructs: IS, arousal, valence, and width of the WoT
respectively. The online questionnaire was created using the online research platform,
"Ethica". An additional subsection of questions consisted of "General Feelings," which
indicated feelings of states in general but were excluded due to extremely low compliance.
Ethica

In order to assess momentary experiences in real life, an online research platform,
called “Ethica” was used. Ethica is a platform that can be used as a web application or a
mobile app for researchers and participants, respectively, suitable for iOS and Android
devices in order to quantify human behavior. It provides the researcher with the possibility to
construct and deploy surveys on different days with fluctuating times, multiple times per day.
The automatic notification button with an expiration time reminds the participants to complete
the surveys at the specified time interval in order for the measurements to take place at the

intended time span. The current study published the surveys within Ethica and disseminated
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the instructions to the participants on how to take part in the study using the “Ethica”
application on their smartphones.
Trait Questionnaires

Demographics. Participants were asked to report their age, gender, nationality, highest
level of education, and occupation.

Body Perception Questionnaire (BPQ) Subscale: Awareness. The trait IS was
assessed with a body awareness questionnaire at the start of the survey (see appendix A).
Among the awareness subscale, there were other subscales assessing stress response,
autonomic nervous system (ANS), stress style, and health history, consisting of 122 item
measures for all the subscales (Porges, 1993). The awareness subscale is a self-report that
measures individuals’ beliefs about their awareness of body processes. The body awareness
subscale questionnaire has 45 items, with questions like: "During most situations, I am aware
of swallowing frequently" and "During most situations, I am aware of sweat on my forehead".
Participants were asked to respond to the items on a five point Likert scale from (1= Never to
5= Always). In order to obtain a score for an awareness subscale, the total score of the
participant had to be summed and divided with the number of total questions per subscale,
which was by 45 for the awareness subscale (Porges, 1993).

Although there was no supporting publication by the author regarding the
development or validation of the questionnaire (Mehling et al. 2009), the subscales of BPQ-
SF have established high reliability and validity with one underlying factor (Cabrera et al.
2018). Further, the current study has obtained a Cronbach’s Alpha of .92 for BPQ. The
reliability of Cronbach’s alpha ranges from 0, indicating no internal consistency to 1, which is
a perfect internal consistency. For example, the cut out points are .40 for barely acceptable

item correlations to .70 for adequate and from .8 and .9 is an indication of excellent reliability
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(Shelby, 2011). According to Shelby (2011), a Cronbach’s Alpha of.9 is an indication of
excellent reliability. This indicates a high reliability of BPQ for the present study.
Daily state Questionnaire

In order to measure if the participants are in the hyper or hypo aroused state at the
moment, two items were used: "Is your experience unbearable right now?" and "Do you feel
emotionally numb right now, to the point that it is hard to function?", on a three-point scale
(1=yes, 2=no and 3=Almost). Additionally, two items were used to measure the width of the
window of tolerance by incorporating core affect. The core affect consists of two dimensions,
activation-deactivation and pleasure-displeasure (Russell, 2009). Although the current study
focused on the first dimension, mainly arousal, measured with question: ,, Let's say we have a
scale of arousal from 0 to 100, the higher the number, the higher the arousal. What number
on this scale is your arousal level right now? ", there was an additional question assessing the
dimension of valence: "On a scale from 0, feeling very unpleasant, to 100, feeling very
pleasant.”, "What number would you be at right now?". The last two items were inquiring
directly into the hypothetical scores for hyperarousal and hypoarousal: "Imagine there was a
level of arousal on that same scale that would feel like too much for you, to the point of being
unbearable.” What could be that number for you right now? ", which measures the upper
boundary of the window of tolerance on a 0-100 sliding scale. The lower boundary of the
window of tolerance on a 0-100 sliding scale was measured by the question: "Imagine there
was a number on that same scale that would start to feel so low that you would feel
emotionally numb and could not function anymore." What could be that number for you right
now? ". Lastly, after each item, a confidence question was asked: "How confident are you of
the answer you just gave?" on a 5-point Likert scale (1=Nof confident to 5 = Completely

confident).
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Lastly, psychometric qualities were obtained by means of split half reliability. The
longitudinal dataset was split and the mean scores of each individual for the first half of the
week were compared to the mean scores of the second half of the week using Pearson
correlation analyses, allowing for test-retest reliability of the measurements (Larson &
Csikszentmihalyi, 2014; Palmier-Claus et al. 2010). The scores for the arousal means of the
first and second half of the week were highly correlated (7(15) =.84, p <.001). By means of
post hoc, moderate correlations were obtained for both halves of the mean valence (7(15)
=.67, p<.003). The upper boundary of both halves had a moderate correlation (7(15) =.74,
p<.001), while high correlations were obtained for the lower boundary of both halves ((15)
=.96, p<.001).

Procedure

First of all, an ethical approval of the Ethics Committee BMS at the University of
Twente was obtained (nr. 220417). Furthermore, a short pilot test by the researchers was
carried out in order to test the functionality of the application “Ethica” and the administered
surveys. Subsequently, a dissemination process for the questionnaire took place and the data
collection ensued. The participants received an invitation link in the email with a short
description of how to access the study by means of downloading the application "Ethica." The
participants, after signing up to the study by inserting the study code, were further informed
by the general information about the research, such as the background of the study and
contact information, and were provided a consent form with demographic questions. After
filling in the demographic questions, participants received subsequent questions measuring
body awareness trait by means of a 45-item questionnaire, taking around 15 minutes to
complete while being administered once at the start of the survey. For the following seven
days, participants received the state questionnaire six times per day. The triggering logistics

for each participant were activated randomly at six different time points within the interval of



15
MEASURING THE WINDOW OF TOLERANCE

one hour. The first triggering logistic started between 9 a.m. and 10 a.m. (valid for 30
minutes), the second between 11 a.m. and 12 p.m., etc., till 8 p.m.
Data Analysis

In order to analyze the data, the data as a CSV file was exported from application
“Ethica” and analyzed by means of IBM's ‘Statistical Package for the Social Sciences (SPSS)
version 28. In order to filter out the participants, only those individuals with a response rate of
above 40% for the state questionnaires and those who fully completed the trait questionnaire
were included in the final analysis. The two-tailed tests with a significance level of.05< were
applied to all the analyses.

To start with, the descriptive statistics were used for the participants to calculate the
means, standard deviations, and demographics (gender, nationality and age). Likewise,
descriptive scores were established for confidence states, mainly for arousal, valence, and
upper and lower boundaries of the WoT, providing clustering of confidence in the answers of
respected states. Similarly, the procedure was carried out for the Body Perception
Questionnaire (BPQ), measuring trait IS, state arousal, state valence, state width of the WoT
and upper and lower boundaries of the WoT, which included minimum and maximum scores,
mean and standard deviations. Boxplots were created to examine the variability within and
between participants for state arousal, state valence, and state width of the WoT on a
momentary basis.

Further, since the levels of state arousal, state valence, and state width of the WoT
were assessed at multiple points in time, a time point variable was created in order to count
each momentary assessment, which resulted in 43 time points per participant. Next to that, the
width of the WoT was obtained by means of subtracting the state measures of the upper
boundary by the corresponding state of the lower boundary of the WoT. To account for

missing measurements, an autoregressive covariance structure with homogenous variance was
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applied (AR1) (Curran & Bauer, 2011). Further, "Participants" was set as the subject variable,
while "Time Point" was the repeated variable. An estimated marginal mean (EMM) of each
individual score and measurement points was computed by means of a multiple linear mixed
model (LMM) analysis.

Prior to the analysis, the variables were standardized. In the LMM analyses, the state
arousal, state valence, state width of the WoT, and state upper and lower boundaries of the
WoT were set as dependent variables, and the fixed independent factor was set to be either
"Participants" or "Measurements points". Several LMM analyses were applied on
standardized variables in order to establish the associations between states and between mean
state scores of arousal, valence, and width of the WoT and the trait IS variable, where IS was
a covariate variable with fixed effect. For example, a linear mixed model association between
state width of the WoT and state arousal was established by setting state width of the WoT as

a dependent variable and state arousal as a covariate variable with a fixed effect.

Results

Most of the momentary measurements of the participants indicated that they are in
their WoT 94.5%. Only .9% of the measurements indicated being in the upper boundary,
outside the limits of the WoT, and 1.9% of measurements indicated being in the lower
boundary, outside the limits of the WoT. The descriptive statistics, the minimum, maximum,
means, and standard deviations of the trait IS, state arousal, state valence state width of the
WoT and state upper and lower boundaries of the WoT are displayed in table 2. Further, a
Shapiro-Wilk’s test (W = 0.94 p >.36) (Shapiro & Wilk, 1965; Razali & Wah, 2011), showed

that the body awareness questionnaire was approximately normally distributed.
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Table 2
Minimum, Maximum, Mean and Standard Deviation of Trait Interoceptive Sensibility, State

variables Arousal, State Valence and Width of the WoT, WoT Lower limits and WoT Upper

Limits

Variables Minimum (Scale Maximum (Scale Mean Std. Deviation
Minimum) Maximum)

IS 1.4 3.9 2.7 .54
State Arousal 28.7 79.3 60.4 12.9
State Valence 26.2 82.9 57.5 14.6
WoT-Upper 80.1 99.3 89.1 53
Boundary
WoT-Lower .08 51.6 232 12.9
Boundary
Width of WoT 333 99.3 65.9 15.6

Note. IS= Interoceptive Sensibility, WoT= Window of Tolerance.

Confidence Descriptive Scores

The measurement confidences, arousal, valence, and upper and lower boundaries of
WoT, are illustrated in table 3. The majority of confidence ratings were indicated as 3 (fairly
confident), while 5 (Slightly confident), 4 (Somewhat confident), 2 (Completely confident),
and 1 (Not confident) followed, respectively, whereas 1 (Not confident) had the least answers.
This indicates that the variation in confidence ratings is small and most of the answers cluster

towards 3 (fairly confident), indicating that the questions made sense to the participants.
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Table 3

Confidence of the Participants for the Measurements

Confidence Arousal Valence Upper WoT Lower WoT
ratings Boundary Boundary
Not confident,n 4 (.9) 1(.2) 6 (1.3) 4(.9)

(%)

Slightly 63 (13.6) 62 (13.5) 56 (12.1) 75 (16.3)

Confident, n

(%)

Somewhat 61 (13.2) 48 (10.5) 63 (13.7) 53 (11.5)
confident, n

(%)

Fairly 323 (69.9) 333 (72.7) 303 (65.7) 298 (64.6)
confident, n

(%)

Completely 11 (2.4) 14 (3.1) 33(7.2) 31(6.7)
confident, n

(%)

Variability of the Window of Tolerance

The participants reflected a considerable variability in the state width of the WoT, both
within-person and between-persons (see figure 2). Analysis of mixed linear models was used
to calculate the estimated marginal mean of the state width of the WoT per person. Factor
"participant" had a significant fixed effect (F = 73.3, p<0.01), which indicates significant

differences between participants. The fixed effect "Measurement point" was not significant on
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the estimated mean of state width of the WoT among participants (' =.59, p =.99), which
indicates no influence of time measurement in the data.

Participant 13 is shown to have the highest between person variability, with a mean of
99.3, and participant 2 has the lowest variability, with a mean of 33.3, respectively. The
within person variation is also displayed in figure 2, indicating different levels of width of the
WoT per participant at different measurements. Participants 11 and 16 are showing the
biggest variability in their width of the WoT, and participants 13 and 6 have the smallest
within differences, respectively.

Figure 2

Variation of the Width state of the WoT for Each Participant with a Reference Line Indicating

the Group Mean (M= 65.9).
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In addition, in order to calculate estimated marginal means, mixed modelling analysis
was conducted for state arousal and state valence. There was a significant effect of mean state
arousal (' = 15.58, p<0.01) and mean state valence (F = 15.2, p<0.01). As illustrated in
figures 3 and 4 for mean state arousal and mean state valence respectively, there was found
substantial within and between person differences. Correspondingly, participant 13 within

variability is the highest in state arousal and state valence, while participant 3 variability in
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state arousal is the smallest, but not in state valence. (See appendix B for additional width of

the WoT visualization).
Figure 3

The Mean State Arousal per Participant with a Reference Line Indicating the Group Mean

(M= 60.4).
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The Associations Between Trait Interoceptive Sensibility and Mean States

Again, multiple mixed linear model analysis was conducted in order to test the
associations between trait IS and mean state arousal and mean state valence and mean state
width of the WoT. The associations between mean state arousal and IS show moderate
significant positive effect (p =.35, p <0.01, 95% CI [.23, .50]). Mean state valence and IS
association on the other hand, shows significant moderate to strong negative effect (p = -.60,
p<0.01, 95%CI [-.70, -.51]). Lastly, the association of mean state width of the WoT and trait
IS show significant weak negative effect (B =-.19, p<0.01, 95% CI [-.25, -.13]).

Discussion

The purpose of this study was to investigate in the moment experiences of state
arousal and state width of the WoT in relation to trait IS in the daily life in order to explore
within and between differences in the Widh of the WoT of the students. Second, the
associations between IS, mean state arousal, and mean state width of the WoT were explored.
The results of this study indeed revealed substantial differences and variability in the width of
the WoT within and between students. What is more, the associations between trait IS and
mean state arousal unexpectedly had significant positive moderate associations. This means
that, contrary to the original assumption, students with a higher level of trait IS also
experienced a higher mean level of state arousal. Furthermore, trait IS was also weakly
negatively associated with the mean state width of the WoT. Unexpectedly, this suggests that
higher trait IS is associated with narrower WoT.

Lastly, there were some interesting post hoc findings. A moderate to strong negative
association was found between IS and mean state valence. This unforeseen finding reveals
that students with a higher level of trait IS feel more negative emotions. What is more, most

of the confidence answers were clustered around 3 (fairly confident) for the state measures
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across all measurements. This indicates that students were considerably confident in their
answers.
State Width of the WoT in Daily Life

There was an indication of a difference in the mean of the width of the WoT levels
across all participants. This suggests that the state width of the WoT is different between
university students of this sample. This is according to the literature, since it has been
suggested that the WoT differs across people (Corrigan et al. 2011; Siegel, 1999). The
differences in the WoT could be accounted for by personal experiences of participants, such
as trauma and personal disasters, which shape the sensitiveness of the individual’s physiology
and response to arousal (Corrigan et al. 2011; Ogden et al. 2006; Raju et al. 2018). Further
observations and analyses indicate that besides between-person differences in the width of the
WoT, there is a within-person variation over time. Some students had big variations in their
WoT while others did not, indicating the fluctuating nature of the WoT within participants.
This suggests the innate varying boundaries of the WoT. These variations of the WoT could
be due to an essential attribute of emotions and affect, which varies with time (Kuppens, et al.
2010). Nonetheless, since this study did not examine the students’ situational or
environmental context during the measurement points, personal reasons for these variations
cannot be presented, which would require additional examination.

Points to consider with regards to the variability of the width of the WoT is that the
sample of this study contained a student population, where most of the students indicated
being inside their WoT for most of the measurements. In addition, the sample contained
mostly female representatives. According to Fabes (1994), there are gender differences in
emotional reactivity and regulation. This could suggest that this particular variability of the
WoT might be due to the overrepresentation of females in this sample. Lastly, students in

general are identified as having a high perverseness of psychological problems and distress
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coupled with academic pressure (Reddy et al. 2018; Sharp & Theiler, 2018; Weber et al.
2019).
The Association between States and Trait IS

The results indicated a moderate positive association between mean state arousal and
trait IS, which suggests that students with a higher level of trait IS are experiencing higher
mean levels of state arousal. The findings are contradictory to the hypotheses, since higher IS
levels were argued to be associated with an increase in self-reported emotional regulation
(Schuette et al. (2021). This is achieved through awareness of bodily sensations, which aids
the processing of unprocessed bodily reactions and supports the neural integration (Ogden &
Minton, 2000; Rose, 2014). As such, it was presumed that IS is negatively associated with
arousal and that increased scores in IS would result in a decrease in arousal. It could be that
students with higher arousal levels in general are more prone to perceiving somatic changes
due to an already heightened state of arousal (Kirmayer & Looper, 2006). This could inflate
scores on self-reported beliefs about the aptitude of body awareness.

Trait IS also had a weak negative association with the mean state levels of the width of
the WoT, which may suggest a narrower WoT for students with higher scores on IS.
Conversely, it was hypothesized that the width of the WoT is associated with a wider WoT. It
was argued that by means of increased awareness of the body, autonomic arousal decreases,
which allows easier processing of emotions (Ogden et al. 2006). Nevertheless, according to
Mehling, et al. (2009), a heightened focus on somatic information could be potentially
distressing. What is more, disturbances in physiological systems may account for attention to
bodily sensations (Kirmayer & Looper, 2006). As such, an individual who is paying too much
attention to his bodily sensations might already be experiencing more arousal.

Further, post hoc analysis of mean state levels of valence demonstrate a significant,

moderate-to-strong negative association with trait IS. This negative association indicates that
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students with higher scores on trait IS are experiencing higher levels of negative valence. It is
contrary to the literature that portrays body awareness and its merits in emotional regulation,
which allows goal-directed behavior (Raju et al. 2018). There are a couple of interpretations.
First of all, the association could stem from the fact that participant’s ability in IS could be
influenced by negative valence, by means of students’ attending to somatic experience more
often when it is induced by negative emotion (Feldman, 1995). Second, it could be an
insufficiency of the measurement instrument. According to Schuette et al. (2021), the Porges
questionnaire used to assess IS might be prone to catching attention to somatic symptoms. As
such, the items on IS could have been more negatively correlated.
Strengths and Limitations

Several strengths could be drawn from the present study. First of all, this study
contributes to the limited literature on the window of tolerance (WoT) and the associations
between arousal levels and the width of the WoT with IS in the context of daily life. Daily life
studies are important in order to collect fluctuating experiences, which are an essential
attribute of emotions and affect. It is the application of the experience sampling methods
(ESM), which provides unique insights into the variability of within and between students’
differences in real life, next to conventional methods of measuring trait variables (Kuppenset
et al. 2010). In line with that, most studies neglect this differentiation while focusing mainly
on dispositional characteristics and abandoning state fluctuations, which are crucial in
investigating distinct concepts by means of repeated measurements and accounting for
different effects. Accordingly, the ESM further enhances ecological validity along with
external and construct validity (Trull & Ebner-Priemer, 2009), through the seizure of
momentary experiences and their context (Myin-Germeys & Kuppens, 2022). This provides
insights into naturally occurring experiences, which increases the extent to which this study

and its findings could be applied to real-life.
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Second, the design of this study is a block random sampling design, which is
advantageous, since participants are signaled to complete a questionnaire at random points
within fixed time intervals, which allows the researcher to ensure that the samples are taken
across the entire day and reduces "anticipatory behavioural change" (Carter, 2016).
Additionally, this study contributed to the investigation of arousal and WoT in a sample of the
student population. It is important, since students experience average to high stress due to
academic pressure (Reddy et al. 2018; Weber et al. 2019). This could result in high arousal
levels, and it is important to investigate if the arousal levels could be associated with IS. More
importantly, since IS could predict self-regulatory behavior (Schuette et al. 2021). The present
study provides novel findings and is unique in that it tries to fill in the gap in the literature by
providing a preliminary attempt for investigations on the WoT, on which literature is very
scarce. As a result, the present study, by means of incorporating within and between
individual differences in the context of daily life and encompassing IS and its associations
with the state width of the WoT and state arousal, could provide a reference for further
investigation and research into WoT.

However, some potential limitations and shortcomings should also be taken into
consideration concerning the interpretation of the results of the study. To begin with, the
sample size for the current study was limited to 17 participants. A median number of 19
participants was found for ESM studies (Van Berkel et al. 2017). As such, in order to assure
that the study is not underpowered and has adequate statistical power, a bigger sample size
would be preferable in order to have a good representation of the population. Likewise, both
the sample and sampling method of the present study could be improved. Most of the
participants recruited for the study took part in the study based on snowball convenience
sampling methods, which produced an overrepresentation of females, (82.4%). Hence, the

results might be more applicable to female students’ rather than the general population of
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students’. Further, the measurement tool of IS by means of a self-report could be biased as a
results of requiring retrospective recall (Myin-Germeys et al. 2009).

Lastly, a further limitation lies in the use of single-item questions as state measures in
the interest of diminishing participant burden (Conner & Lehman, 2012). Nevertheless, this
could have clear limitations and consequences for the weak associations of state measures
with corresponding trait measures, which could bring validity into question. This emphasizes
the need to formulate standardizable and definable state questions and responses, measuring
arousal and the width of the WoT at the state-level. As a consequence, in order to prevent this
limitation and ensure the validity of the measurement, it is advised to use multiple items
instead of a single item in order to measure the constructs (Thies & Kordts-Freudinger, 2019).
Practical Implications and Directions for Future Research

An important practical implication of the study would be in its incorporation of a more
objective measurement tool assessing trait interoception next to interoceptive sensibility, such
as interoceptive accuracy (AC). According to Garfinkel et al. (2015), AC is a central construct
and basis for other interoceptive measures, which is measured by means of an objective
interoceptive tasks and tools, such heartbeat tracking tasks and heartbeat detectors
respectively. It would be interesting to explore associations between the trait-based self-
reported beliefs about the aptitude for body awareness and actual objective measurements in
order to support the overall validity of associations between the constructs and to explore the
differences between the associations with state variables.

Furthermore, this study did not examine the students’ situational or environmental
context during the measurement period, which could be of further interest in order examine
the causes of variation in experiences in state variables between and within participants.
Hence, it could be advisable for future studies to incorporate additional categorical variables

in the state questionnaire, such as the cause of arousal and satisfaction variables, for example.
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Moreover, further research could examine other parts of the population with bigger samples in
order to draw inferences about the wider array of people or target a more inclusive sample,
representative of the more general population. Finally, with regards to the findings of the
study, it might be possible that there are many other components that operate between and
within individuals which can influence levels of arousal and levels of state width of the WoT.
Therefore, it would be of interest to identify those variables with future research.
Conclusion

In conclusion, the results of this study contributed to the ESM research and its
assumption towards the variability of affect and its change over time. The present study
provides novel evidence about the association of IS and mean state arousal and mean width of
the WoT of the participants. In particular, there were found to be between and within-person
variations of mean state arousal and mean width of the WoT. What is more, there was found a
moderate significant positive effect between trait IS and mean state arousal, while mean state
width showed significant weak negative effect respectively. Consequently, the findings
suggest the need to replicate the study in order to account for potential contextual factors with
a larger and more diverse sample size. Lastly, this study provides further directions and ideas

for research into the WoT.
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Appendices

Appendix A: Body Awareness Questionnaire by Porges
Imagine how aware you are of your body processes. Select the answer that most accurately
describes you. Rate your awareness on each of the characteristics described in Table E. I,
using the following five-point scale:

Table E.1 The Body Perception Questionnaire by Porges?

|. Awareness

During most situations, | am aware of:

. Swallowing frequently.

A ringing in my ears.

. An urge to cough to clear my throat.

My body swaying when | am standing.

. My mouth being dry.

. How fast | am breathing.

. Watering or tearing of my eyes.

. My skin itching.

. Moises associated with my digestion.

10. Eye fatigue or pain.

11. Muscle tension in my back and neck.

12 A swelling of my body or parts of my body.
13. An urge to urinate.

14. A tremor in my hands.

15. An urge to defecate.

16. Muscle tension in my arms and legs.

17. A bloated feeling because of water retention.
18. Muscle tension in my face.

19. Goose bumps.

20. Facial twitches.

21. Being exhausted.

22. Stomach and gut pains.

23. Rolling or fluttering my eyes.

24. Stomach distension or bloatedness.

25. Palms sweating.

26. Sweat on my forehead.

27. Clumsiness or bumping into people.

28. Tremor in my lips.

29. Sweat in my armpits.

30. Sensations of prickling, tingling, or numbness in my body.
31. The temperature of my face (especially my ears).
32. Grinding my teeth.

33. General jitteriness.

34. Muscle pain.

35. Joint pain.

36. Fullness of my bladder.

37. My eye movements.

3&8. Back pain.

39. My nose itching.

40. The hair on the back of my neck “standing up.”
41. Needing to rest.

42, Difficulty in focusing.

43, An urge to swallow.

44, How hard my heart is beating.

45, Feeling constipated.

WHO~mMm&Wwh =
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Appendix B: Figure 2.
A Histogram Portraying State Width variability between participant for additional

visualization.
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