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ABSTRACT

Technological advances in both data acquisition and analytics have increased the
usefulness and feasibility of employing idiographic methods in behavioral science
research. While there are many advantages to employing an idiographic approach, one
major criticism has been the lack of generalizability from single subject research to a
larger population of interest. Developing a Typology of Temporal Patterns (TTP) is a
novel method that can help address the issue of generalizability in idiographic
research. TTP combines time series analysis and dynamic cluster analysis to form
subgroups of individuals who share similar longitudinal trajectories. The present study
demonstrates the usefulness of TTP by applying it to the study of cardiovascular
arousal to environmental stressors in individuals with autism spectrum disorder
(ASD). Secondary data analysis was conducted on heart rate data collected from 43
individuals with ASD exposed to a series of experimentally and systematically
manipulated environmental stressors. Interrupted time series analysis was performed
for each participant to examine individual-level heart rate patterns. The diversity
observed across the interrupted time series results demonstrates a need to identify
subgroups of individuals with similar heart rate patterns. Accordingly, dynamic cluster
analysis was conducted on the heart rate time series data from the 43 participants. The
first cluster analysis revealed a three-cluster solution (Low Cluster, Middle Cluster,
and High Cluster) that was largely dominated by differences in heart rate level (or
mean). A second cluster analysis, focused on shape and scatter of heart rate patterns,
revealed two subgroups (Autonomic Stabiles and Autonomic Labiles) that differed in

their patterns of heart rate reactivity to stressors and heart rate recovery during rest



conditions. Following the cluster procedures, a series of ANOVAs showed differences
between the identified subgroups on a variety of time series variables. The findings
provide support for the utility of TTP to evaluate idiographic data at both individual
and subgroup levels, and suggest that cardiovascular reactivity is a useful index for
identifying meaningful individual differences in the prevalent and heterogeneous

population of ASD.
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CHAPTER 1

INTRODUCTION

Technological advances in both data acquisition and analytics have increased the
usefulness and feasibility of employing idiographic methods in behavioral science
research. Telemetric devices that enable remote, unobtrusive, and continuous
recording of behavioral, physiological, and environmental data have become readily
available to behavioral science researchers (for review see Goodwin, Velicer, &
Intille, 2008). Utilizing telemetric monitoring capabilities, researchers are able to
move beyond traditional laboratory experiments and collect high-density data from
individuals in real-world settings. Telemetric monitoring gives rise to intensive
longitudinal data sets (Walls & Schafer, 2006) that lend themselves well to time series
analysis, one of the most commonly used statistical methods for idiographic studies
(Glass, Glass, Willson, & Gottman, 2009; Velicer & Molenaar, 2013). While time
series analysis is a powerful tool for studying an individual over time, one challenge of
idiographic research (and time series analysis) is determining generalizability of
findings across subjects. Developing a Typology of Temporal Patterns (TTP) is a
novel method that can help address the issue of generalizability in idiographic
research. TTP is an approach whereby time series analyses are performed at the
individual level and their patterns are subsequently combined using a cluster analysis
to determine groups of individuals with similar patterns. The current study applied the

TTP method to the study of cardiovascular arousal to environmental stressors in



individuals with autism spectrum disorders. It is the first example of TTP applied to
interrupted time series designs.
Nomothetic vs. Idiographic Research Approaches

Nomothetic and idiographic methods represent two distinct approaches to
psychological research. Nomothetic methods focus on group-level relationships
between variables (inter-individual variability) and typically involve a large number of
participants who are measured on a single (or few) occasion(s). Nomothetic designs
and their respective statistical analyses are commonly taught and applied in social and
behavioral science research. Examples include the analysis of variance (ANOVA),
multiple regression (MR), factor analysis (FA), and structural equation modeling
(SEM). Common themes of these and other nomothetic analyses include aggregated
participant data, variation around group means, and a belief that given sufficient
sampling methods, obtained results will generalize to a broader population of interest.

In contrast to nomothetic research, idiographic methods focus on patterns of
behavior within a single individual (or unit) across time and in context (intra-
individual variability). Idiographic designs typically involve repeated measurement of
a single participant on a large number of occasions and can address different research
questions than the more commonly applied nomothetic methods. Idiographic methods
are particularly well suited for investigating patterns of change over time, addressing
the effects of a planned or unplanned intervention, and detecting underlying
naturalistic processes (Velicer & Fava, 2003). Another advantage of idiographic
methods is the ability to conduct research in applied settings (e.g., schools, clinics,

hospitals) where traditional between-subject (i.e., nomothetic) designs may not be



appropriate or feasible to implement (Morgan & Morgan, 2001; Galassi & Gersh,
1993; Velicer & Fava, 2003).
Generalization Issues

An important distinction between nomothetic and idiographic approaches is the
manner in which findings are generalizable beyond a single study. Nomothetic designs
have limited generalization across time or contexts for any one individual (i.e., limited
intra-individual generalizability). Results obtained from group-level designs, based on
averaged participant data, can be misleading and overlook meaningfully different
patterns present in the data. Idiographic designs are limited in the ability to generalize
from an individual to a general population (i.e., limited inter-individual
generalizability). Generalization from idiographic research cannot be inferred from a
single study; instead, researchers must employ alternative approaches to demonstrate
generalizability. These approaches include systematic replication (i.e., 5+ replications)
(Barlow & Hersen, 1984), meta-analysis, and pooled time series analysis (Hoeppner,
Goodwin, Velicer, & Heltshe, 2007; Velicer & McDonald, 1991). Systematic
replication provides logical inference whereas meta-analysis and pooled time series
provide statistical inference. While these approaches can help increase generalizability
to the group or population level, this is not always an important or meaningful goal of
research.

Furthermore, examining the application of Ergodic Theorms in the behavioral
sciences suggests that generalization of individual-level results to a larger population
is rarely appropriate. Results from idiographic or intra-individual analysis will differ

from those obtained from nomothetic or inter-individual analysis unless two



conditions specified by the Ergodic Theorems are satisfied: 1) each individual
trajectory has to obey the same dynamic laws, and 2) each individual trajectory must
have equal mean levels and serial dependencies (Molenaar, 2004). A number of recent
studies provide empirical evidence that these conditions are extremely unlikely to be
met in practice (Aloia et al., 2008; Goodwin, Intille, Albinali, & Velicer, 2011,
Harrington Velicer & Ramsey, in press). One approach that addresses the
generalization limitations of both nomothetic and idiographic methods is to focus
generalization efforts on homogeneous subgroups within a population, rather than the
entire population. Some researchers have combined time series analysis with dynamic
cluster analysis to identify subgroups of individuals who share similar trajectories
(TTP, i.e., Hoeppner, Goodwin, Velicer, Mooney, & Hatsukami, 2008).
Telemetric Monitoring

Telemetric monitoring (for review see Goodwin, Velicer, & Intille, 2008) has
helped change the way researchers approach the intensive study of the individual from
a largely qualitative approach to a more rigorous quantitative investigation. Telemetric
devices that enable remote, unobtrusive, and continuous recording of behavioral,
physiological, and environmental data are becoming readily available to behavioral
science researchers (Goodwin, Velicer, & Intille, 2008). Utilizing telemetric
monitoring capabilities, researchers are able to move beyond traditional laboratory
experiments and collect high-density data from individuals in real-world settings.
These devices give rise to intensive longitudinal data that require alternative analytic
methods such as time series analysis, one of the most commonly used statistical

methods for idiographic studies (Glass, Willson, & Gottman, 2009; Velicer & Fava,



2003). Time series analysis and interrupted time series analysis are similar to simple
regression and analysis of variance (ANOVA), respectively, except that multiple
observations per participant are used instead of single observations from multiple
participants. In the case of interrupted time series designs, observations are compared
from a single participant pre-and post-interruption (e.g., intervention).
Autism Spectrum Disorder, Stress, and Cardiovascular Arousal

One area where telemetric devices and idiographic statistical analysis have been
employed is in the study of cardiovascular arousal to environmental stressors in
children with autism spectrum disorders (ASD) (Groden et al., 2005; Goodwin et al.,
2006). ASD is a general term for a broad spectrum of pervasive developmental
disorders that include autistic disorder, Asperger syndrome, pervasive developmental
disorders not otherwise specified, Rett syndrome, and childhood disintegrative
disorder (DSM-IV-TR, 2000). ASD is characterized by qualitative impairments in
social interaction and communication, as well as restricted interests and/or repetitive
behaviors. The severity of symptoms and degree of impairment are highly variable
across individuals, with impairments evident by age 3 (DSM-1V-TR, 2000).

Research suggests that characteristics of ASD, such as impairments in
communication, socialization, and cognition, behavioral rigidity, and deficits in
executive function can increase vulnerability and limit ability to cope with stressors
(Groden, Cautela, Prince, & Berryman, 1994). Additionally, maladaptive behaviors
commonly associated with ASD, including aggression, self-injury, tantrums,
destruction of property, and stereotypy are often associated with stressful events

(Howlin, 1998). These characteristics of ASD are likely to contribute to the high rate



of comorbidity between ASD and disorders associated with anxiety, fear, panic, and
sensory processing (e.g., Goodwin et al., 2006).

Traditional assessments of stress and anxiety, such as self-reports and paper and
pencil questionnaires, require verbal communication on the part of the respondent.
Given the communication deficits associated with ASD, it is not surprising that these
measures have limited utility in individuals with ASD. One solution to overcoming
these challenges has been to directly measure stress, stress related anxiety, and arousal
using physiological measures of autonomic functioning (Groden et al., 2005). One of
the most commonly used autonomic nervous system (ANS) measures of stress is
cardiovascular activity.

Groden et al. (2005) wirelessly measured cardiovascular activity (heart rate; HR)
at baseline and during four potentially stressful situations in 10 participants diagnosed
with ASD. The four stressful situations used in the study were adapted from the Stress
Survey Schedule for Persons with Autism and Developmental Disabilities (SSS,
Groden et al., 2001), and included engaging in a difficult task, eating preferred food,
having a change in staff, and having unstructured time. The experimental protocol also
included a baseline session, rest sessions in between each stressful situation, and a
physical exertion task. For each participant, interrupted time series analysis was used
to compare baseline HR responses to responses recording during each stressor phase.

All participants showed HR increases during the physical exercise task,
demonstrating that all participants could show HR increases under physically
demanding conditions. Two participants showed no significant HR changes to any

stressors, while one participant showed significant HR changes to all four stressors.



All other participants showed significant HR changes to one stressor (n = 2), two
stressors (n = 3), or three stressors (n = 2). Compared to baseline measures, the
majority of participants displayed only significant HR increases to stressors; however,
some participants displayed only significant HR decreases to stressors, and one
displayed a combination of HR increases to some stressors and HR decreases to other
stressors. Overall, results indicated cardiovascular arousal to all four stressors in some
but not all participants. Additionally, individual differences in baseline measures of
HR were observed. The majority of mean baseline HR measures fell between the 70 to
85 beat per minute (bpm) range but the mean baseline HRs for two participants
exceeded 100 bpm.

In a separate study, using a similar protocol, Goodwin et al. (2006) extended the
work of Groden et al. (2005). Cardiovascular activity (i.e., HR) was wirelessly
recorded at baseline and during six potentially stressful situations in five children with
autism and five age-matched typically developing children. In addition to the four
stressors used by Groden et al. (2005), the Goodwin et al. study included being
exposed to a loud noise and being exposed to a remote control robot. For each
participant, interrupted time series analysis was used to compare baseline HR
responses to responses recorded during each stressor phase.

On the basis of previous research, the authors hypothesized that, as a group,
participants with autism would show greater magnitude of HR reactivity to a greater
number of stressors than age- and sex-matched typically developing peers. This
hypothesis, however, was not precisely supported. That is, the autism group showed

statistically significant responses to stressors compared to baseline 22 percent of the



time, while the typically developing group showed statistically significant responses to
stressors compared to baseline 60 percent of the time. The authors suggested that
caution be used in the interpretation of this finding. Specifically, they acknowledge the
potential for these findings to be taken as evidence that the autism group was less
aroused than the typically developing control, but, importantly, point to group
differences observed in mean HR during baseline and stress conditions as a possible
alternative explanation. As a group, participants with autism, on average, had faster
HRs during baseline (M = 96 bpm for autism group; M = 74 bpm for typically
developing group) and during almost all stress conditions. HR responses for the
autism group also showed less variance (approximately half) than the typically
developing group. Overall, the results indicated that some individuals with autism may
be in a general state of high arousal.
Current Study

The studies by Groden et al. and Goodwin et al. demonstrate the high level of
within group variability often observed in ASD research. Purely nomothetic
approaches to these data would obscure meaningful differences among individuals
with ASD; however, purely idiographic approaches make it difficult to extend findings
beyond any one individual being studied. The current study applied the TTP approach
to extend the work of Groden et al. and Goodwin et al., by (1) performing time series
analysis on additional participants and (2) combining idiographic and nomothetic
approaches and attempting to identify homogenous subgroups within a sample of

individuals with ASD.



CHAPTER 2

METHODS

Participants

Participants were 43 clients recruited from the Groden Center, a day program
serving behavioral and academic needs of children with developmental disabilities,
including ASD. Written consent was obtained from guardians of each participant prior
to data collection. Only participants with a primary or secondary diagnosis of ASD
made by a licensed psychologist were included in this study.
Setting

Secondary data analysis was conducted on HR data that were collected as part of
a routine clinical in-take assessment at the Groden Center. Assessments took place in a
sound-attenuated laboratory room. That room was equipped with a one-way mirror
permitting discrete viewing from an adjacent observation room. A familiar staff
member was present during the experiment to increase comfort with the experimental
setting and procedures.
Instruments

HR data were collected using the LifeShirt (Vivometrics, Inc.). The LifeShirt is a
noninvasive telemetric recording device that continuously (i.e., beat-to-beat) stores
electrocardiograph (ECG) data on a portable battery-powered electronic recorder worn

on the body.



Design

The study design consisted of 14 phases (see Table 1 for a detailed description of
each phase). Each session began with an initial baseline phase (sitting quietly with a
familiar person). After the initial baseline phase, participants engaged in six stress
phases. Each stress phase was followed by a rest phase. A physical exertion phase was
included to ensure that participants could demonstrate an increase in HR significantly
greater than baseline. Phase order was held constant across participants. The amount
of time spent in each phase differed somewhat across participants. All participants
completed one of three timing protocols: 1) 5 minute Baseline/ 2 minute Stress phases/
2 minute Rest phases (n = 27); 2) 5 minute Baseline/ 2 minute Stress phases/ 1 minute
Rest phases (n = 6); and 3) 2 minute Baseline/ 1 minute Stress phases/ 1 minute Rest
phases (n = 10). The shorter observation sessions were employed in younger children
to adapt to their more limited attention abilities.
Analysis

Data Management. The following data management procedures were completed
for each participant. HR measures were converted to 2-second averages, resulting in
30 HR observations per minute. Outlier removal was conducted in two steps. First,
outliers were identified using box and whisker plots. Data values that fell below the
1st Quartile minus 1.5 times the Inter-Quartile Range (Q1 - 1.5 IQR) or above the 3rd
Quartile plus 1.5 times the Inter-Quartile Range (Q3 + 1.5 IQR) were considered
outliers and removed. This process was repeated for every phase (i.e., separate box
and whisker plots were generated for the baseline, every stress phase, and every rest

phase) until all data fell within Q1 - 1.5 IQR and Q3 + 1.5 IQR. Second, data were
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plotted and visual inspection was used to identify any additional outliers that appeared
to exceed normal limits of HR data. Specifically, values below 55 bpm or above 165
bpm were removed. This conservative approach was taken for outlier removal based
on visual inspection to ensure as much consistency and objectivity as possible in data
handling across participants. Outliers were subsequently treated as missing data.

Prior to data analysis, it was necessary to create participant datasets that met
certain requirements of the planned analytic procedures. For example, dynamic cluster
analysis requires that all participants have series of equal length. Given that
participants experienced different timing protocols, the equal length requirement was
violated. For each participant, the following steps were taken to create a dataset that
met requirements of subsequent analyses: 1) The baseline phase was limited to 2
minutes (i.e., 60 observations). The last 2 minutes of the baseline was used for
participants who had initial 5-minute baselines. 2) Transition times between phases
were removed. 3) All Stress phases and all Rest phases were limited to 1 minute (i.e.,
30 observations). The first 1 minute of data was used for participants who had greater
than 1 minute Stress or Rest phases. These three steps resulted in data series of equal
lengths across participants.

Finally, phase 14 (the Physical Exertion phase) was removed from all participant
data. This phase had been included in the protocol as a validity check to ensure that
participants could demonstrate an increase in HR significantly greater than baseline.
Previous findings (Goodwin et al. 2006), as well as an initial check of the current
study data, provided clear support that participants could demonstrate increases in HR

significantly greater than baseline during the Physical Exertion phase. Aside from
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serving as a validity check, this phase was of little interest to the current study and had
the potential to have a strong and unwanted influence on the clustering procedures.

Time Series Analyses. Separate univariate time series analyses were conducted for
each participant for the dependent variable HR. Plots of autocorrelation and partial
autocorrelation were used to determine the most appropriate ARIMA model for
modeling serial dependency in the data. The autocorrelation and partial autocorrelation
patterns observed in the current study supported the use of an ARIMA (1, 0, 0)
transformation. Following transformation, within-subject, interrupted time series
analysis was employed to determine whether significant differences in mean HR exist
between the initial baseline phase and every other stress and rest phase. Analyses were
conducted using SAS Proc ARIMA.

Dynamic Cluster Analysis. Following individual time series analyses, dynamic
cluster analysis was conducted to empirically identify potential sub-groups that
display different patterns of HR over time (i.e., during baseline and across different
stress phases). Traditional cluster analysis is a multivariate, exploratory technique that
groups N subjects into homogeneous subgroups on the basis of a defined set of P
variables typically measured on a single occasion. Dynamic cluster analysis, or time
series-based typology, is similar to traditional cluster analysis in that N participants are
grouped into homogeneous clusters; however, in dynamic cluster analysis groups are
formed on the basis of a single variable measured at P occasions. In the current study,
individuals were clustered based on the level (means), scatter (variances), and shape of

their HR trajectories.
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Analyses were conducted with SAS Proc CLUSTER using the squared Euclidean
distance metric and Ward’s clustering method (Ward, 1963). The Ward’s minimum
variance algorithm is one of several hierarchical agglomerative procedures that begin
with each participant as a separate cluster and successively merge clusters until all
participants are in a single cluster. The number of clusters retained was determined
using a combination of several methods. Quantitative methods included cubic
clustering criterion, pseudo F statistic, pseudo T-squared statistic, root mean square
standard deviation, semi-partial R-squared, and R-squared. Dendogram analysis and
cluster profile interpretation were also used to determine the most appropriate and
theoretically meaningful number of clusters.

Missing Data. As a result of outlier removal (and to a lesser extent equipment
error) many participants had some degree of missingness present in their data series.
On average, participants had 3% missing data, with missingness ranging from 0-10%.
For the time series analyses, missing data were estimated using the maximum
likelihood (ML) procedure available in SAS Proc ARIMA. This procedure has been
shown to be very accurate for ARIMA time series analysis with up to 40% missing
data (Velicer & Colby, 2005). For the dynamic cluster analyses, a different missing
data procedure was required (ML is not available with Proc Cluster). Prior to the
clustering procedures, multiple imputation (MI) was performed in SAS (Proc Ml) to
estimate missing data. This procedure resulted in a complete dataset (no missing data)

that could be entered into the Proc Cluster procedure in SAS.
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CHAPTER 3

RESULTS

Time Series Analysis

Individual Results. Separate interrupted time series analyses were performed for
43 participants. Appendices 1-43 provide detailed summaries of the individual time
series analysis results. The appendices include the following information for each
participant: 1) a time series graph of HR across time (and phase); 2) a graph of mean
HR by phase; 3) a table presenting HR descriptives by phase; 4) a table presenting
interrupted time series analysis results; 5) a brief summary showing the number of
statistically significant (p <.05) time series t-test results broken down by phase type
(stress, rest, all) and direction (greater than baseline, less than baseline, different from
baseline); and 6) a list of stress phases for which HR was significantly greater than
baseline.

Detailed descriptions of the individual time series analysis results for two
participants (participants #17 and #41) are provided as examples. Participant 17 (see
Appendix 17) had a baseline mean HR of 98.6 (SD = 3.7) bpm. Both the Heart Rate
across Time (and Phase) and Mean Heart Rate by Phase charts display the relatively
flat HR pattern observed for participant 17. The Heart Rate Descriptives by Phase
table presents the number of observations (N), mean HR (M), and standard deviation
(SD) for each phase (includes baseline, stress, and rest phases). The Time Series

Analysis Results table provides the parameter estimates for baseline level (L), first

14



order autoregressive term (AR1), and the difference in level (DL) between baseline
and all subsequent phases. The baseline level (BL level) can be interpreted as the
intercept of a straight line fit to the baseline data, or HR at the beginning of the
session. The first order autoregressive parameter (AR1) is a measure of
autocorrelation, or dependency in the data, at lag 1. The table also provides a summary
of t-tests computed as part of the interrupted time series analysis and the effect size
(Cohen’s d) associated with each test. Participant 17 had a baseline level of 98.5 bpm,
a 0.5 AR1, and showed no significant HR changes from baseline.

Participant 41 (see Appendix 41) had a baseline mean HR of 89.6 (SD =5.0)
bpm. The Heart Rate across Time (and Phase) and Mean Heart Rate by Phase charts
show a more reactive HR pattern observed for participant 41. As seen in the Time
Series Analysis Results table, participant 41 had a baseline level of 88.5 bpm, a 0.8
AR1, and showed significant HR changes from baseline to five phases. The Summary
of Significant Time Series Results shows that HR was significantly greater than
baseline for four stress phases and that HR was significantly less than baseline for one
rest phase. The list of Stress Phases Significantly Greater Than Baseline provides a
quick and easy summary of the specific stress phases that showed significant HR
increases over baseline. For participant 41, those stress phases were Remote Robot,
Unstructured Time, Eating Preferred Food, and Unfamiliar Person.

Total Sample (Group) Results. Thirteen summary statistics for the individual time
series analyses are presented in Table 2. The series mean (Series M) is the arithmetic
mean of all HR observations in the series and can be interpreted as the average HR for

the series. The series standard deviation (Series SD) indicates how far, on average,
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observations in the series deviate from the series mean. The baseline level (BL level)
is the HR at the beginning of the session. The first order autoregressive parameter
(AR1) is a measure of autocorrelation at lag 1 (see Figure 1 for the distribution of AR1
for the total sample). The pooled stress mean (Pooled Stress M) and pooled rest mean
(Pooled Rest M) are the combined average HR for all stress phases and the combined
average HR for all rest phases, respectively. The pooled stress mean vs. pooled rest
mean (Pooled Stress vs. Rest M) is simply the difference between the pooled stress
mean and the pooled rest mean, with positive values indicating higher average HR for
pooled stress phases, and negative values indicating higher average HR for pooled rest
phases. The pooled stress standard deviation (Pooled Stress SD), pooled rest standard
deviation (Pooled Rest SD), and pooled stress standard deviation vs. pooled rest
standard deviation (Pooled Stress vs. Rest SD) are similar to the pooled mean statistics
previously described, but instead of average HR, standard deviation statistics provide a
measure of variability in HR observed for different phase types (i.e., stress/rest). The
average stress to rest change in mean (AVG Stress to Rest Change) is the average
change in mean HR from every stress phase to subsequent rest phase. The number of
stressors significantly greater than baseline (# Stressors > BL) is the number of stress
phases for which HR was significantly greater than baseline (p<.05). Percent missing
is the amount of missing data in the series after all data cleaning procedures were
complete. The final row of Table 2 presents the total sample average for each of the
summary statistics.

Table 3 displays the effect size (Cohen’s d) associated with each of the t-tests

computed for the 43 individual interrupted time series analyses. Positive values
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indicate greater mean HR during the phase being compared to the baseline phase (e.g.,
a positive Cohen’s d value reported for the Loud Noise phase indicates that mean HR
was greater during the Loud Noise phase than during Baseline). Negative values
indicate that mean HR was greater during Baseline. An asterisk next to the Cohen’s d
value indicates that the t-test was statistically significant at an alpha level of .05.

Figure 2 displays a box and whisker plot for the total sample mean HR by phase.
The horizontal line in each box indicates the median HR for the entire sample for that
phase. The bottom and top of the rectangular box represent the 25th and 75th
percentiles, respectively. The whiskers (the lines that extend from the top and bottom
of the box) represent the minimum and maximum values that are not outliers or
extreme values. Outliers (values between 1.5 and 3 times the interquartile range) and
extreme values (values greater than 3 times the interquartile range) are represented by
circles.

The percent of participants with significantly greater HR during stress vs.
baseline was calculated for each stress phase (see Figure 3). Eating Preferred Food
was the stressor eliciting the most cardiovascular reactivity, with 24 participants
(56%) showing significantly greater mean HR during the Eating Preferred Food phase
than during Baseline. Difficult Task was the next most cardiovascular reactive stressor
(49% of participants reacted), followed by Unstructured Time (33%), Unfamiliar
Person (33%), Loud Noise (23%), and Remote Robot (19%), respectively.

Time series results varied greatly among participants and will be discussed further

in terms of identified subgroups.
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Dynamic Cluster Analysis

The diversity observed in the individual time series analyses suggested that
subgroups of participants within the sample might display distinctly different
longitudinal HR patterns. Dynamic cluster analysis was conducted to empirically
identify these potential subgroups.

Cluster analysis classifies participants into groups based on level, shape, and
scatter of the input (i.e., clustering) variables. The analysis is particularly sensitive to
differences in level, and much less so to differences in shape and scatter (Dumenci &
Windle, 2001). In order to examine patterns of level, shape, and scatter, two separate
cluster analyses were conducted. The first analysis was conducted on (non-
transformed) time series data from the 43 participants (i.e., HR time series data). The
results from this analysis were dominated by differences in level (see Level-Based
Clusters). Given that shape and scatter were also characteristics of interest, the time
series data were transformed so that the series mean equaled zero for each participant,
and the second cluster analysis was conducted on the transformed data. In other words,
level was removed from the original data. Consequently, the results from the second
analysis were dominated by shape and scatter (see Shape-based Clusters).

Level-Based Clusters. Dynamic cluster analysis was conducted on non-
transformed time series data from the 43 participants (i.e., HR time series data). All
guantitative methods for determining the number of clusters suggested a 3-cluster
solution (see Figure 4). Visual inspection of the dendogram and cluster profiles (see
Figure 5) also supported a 3-cluster solution. Figure 6 displays the three cluster

averages across time and phase, as well as the total sample mean. The three clusters
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represent three distinct patterns of HR largely based on level of the series: Low (n =
16), Middle (n = 21), and High (n = 6). The average series mean for the Low, Middle,
and High clusters were 86.05 (SD = 4.5), 100.24 (SD =4.4), and 118.80 (SD = 7.6)
bpm, respectively. Figures 7 through 9 provide exemplars of the three level-based
cluster profiles.

Low cluster members (n = 16, 37.2%) were characterized by a comparatively low
series mean (86.05 bpm), a low baseline level (83.58 bpm), and low pooled stress and
rest means (86.99 bpm and 85.53 bpm, respectively). The average first order
autoregressive parameter was .48. On average, low cluster members had two stress
phases during which HR was significantly greater than baseline.

Middle cluster members (n = 21, 48.8%) were characterized by a moderate series
mean (100.24 bpm), a moderate baseline level (97.67 bpm), and moderate pooled
stress and rest means (101.05 bpm and 99.97 bpm, respectively). The average first
order autoregressive parameter was .57. On average, middle cluster members had two
stress phases during which HR was significantly greater than baseline.

High cluster members (n = 6, 14.0%) were characterized by a high series mean
(118.80 bpm), a high baseline level (119.08 bpm), and high pooled stress and rest
means (119.61 and 117.97 bpm, respectively). The average first order autoregressive
parameter was .67. On average, high cluster members had one stress phases during
which HR was significantly greater than baseline.

A series of ANOVAs were conducted to compare the three level-based clusters
on the 13 time series analysis summary statistics (see Table 4 for a summary of

results). The ANOVASs revealed statistically significant differences between the three
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level-based clusters in series mean, baseline level, first order autoregressive parameter,
pooled stress mean, and pooled rest mean. Follow-up tests showed that all clusters
were significantly different from all other clusters (i.e., Low < Middle, Low < High,
Middle < High) on each of these variables, with the exception of the first order
autoregressive parameter. While the pattern of results was similar for the first order
autoregressive parameter (Low = .48, Middle = .57, High = .67), follow-up tests
indicated significant differences only between the Low and High clusters. No
significant differences were found between level-based clusters on any of the
dependent variables measuring standard deviation, stress vs. rest changes in mean, or
amount of missing data.

Shape-Based Clusters. Dynamic cluster analysis was conducted on the
transformed (mean equals zero) time series data from the 43 participants. The
quantitative methods for determining the number of clusters suggested several
possible solutions (see Figure 10). Based on the quantitative criteria, 2-cluster, 3-
cluster, and 4-cluster solutions were evaluated for further consideration. In the 2-
cluster solution, a single participant made up the first cluster (participant # 11) and the
remaining 42 participants comprised the second cluster. Similarly, in the 3-cluster
solution, single participants made up the first (participant # 11) and second (participant
# 22) clusters, and the remaining 41 participants comprised the third cluster. The 4-
cluster solution consisted of the same single participant clusters (first cluster =
participant #11, second cluster = participant # 22), a third cluster with 28 participants,
and a fourth cluster with 13 participants. Visual inspection suggested that the two

participants forming single participant clusters (participants # 11 and # 12) were likely
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outliers, and a second shape-based cluster analysis was run after removing those two
participants. Four of the six quantitative methods for determining the number of
clusters suggested a 2-cluster solution (see Figure 11). Visual inspection of the
dendogram and cluster profiles (see Figurel2) also supported a 2-cluster solution.
Figure 13 displays the two cluster averages across time and phase, as well as the total
sample mean. The two clusters represent two distant patterns of HR largely based on
shape and scatter of the series. These clusters were named autonomic Stabiles (n = 28)
and autonomic Labiles (n = 13). Figures 14 and 15 provide exemplars of the two
shape-based cluster profiles.

Stabiles (n = 28, 68.3%) were characterized by a lack of reactivity to stress phases
and a lack of recovery during rest phases. This cluster displayed a small pooled stress
mean vs. pooled rest mean difference (-0.16 bpm) and a small, positive average stress
to rest change in mean (0.5 bpm), indicating a tendency for HR to be slightly greater
during the rest phase following a stress phase. Overall, this cluster showed a more
stable HR pattern across stress and rest phases. The average first order autoregressive
parameter was .57. On average, Stabiles had two stress phases during which HR was
significantly greater than baseline.

Labiles (n = 13, 31.7%) were characterized by a pattern of reactivity to stress
phases and recovery during rest phases. This cluster displayed a large pooled stress
mean vs. pooled rest mean difference (3.77 bpm) and a large, negative average stress
to rest change in mean (-3.8 bpm), indicating a tendency for HR to be lower during the
rest phase following a stress phase. Overall, this cluster showed a “react and recover”

pattern across the stress and rest phases. The average first order autoregressive
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parameter was .50. On average, Labiles had two stress phases during which HR was
significantly greater than baseline.

A series of ANOVAs were conducted to compare the two shape-based clusters on
the 13 time series analysis summary statistics (see Table 5 for a summary of results).
The ANOVAs revealed statistically significant differences between the two shape-
based clusters in series standard deviation, pooled stress mean, pooled stress mean vs.
pooled rest mean, pooled stress standard deviation, pooled rest standard deviation, and
average stress to rest change in mean. No follow-up tests were necessary, as only two
groups (Stabiles and Labiles) were compared. No significant difference in the amount
of missing data was found between shape-based clusters.

Combo Clusters. After the level and shape clusters were identified, each
participant was given a combo cluster label that identified both the level and shape
classification to which he or she belonged. The two participants previously identified
as outliers were excluded from combo clustering. This resulted in six possible combo
clusters: 1) Low-Stabiles; 2) Low-Labiles; 3) Middle-Stables; 4) Middle-Labiles; 5)
High-Stabiles; and 6) High-Labiles. Table 6 displays the number of participants in
each combo cluster. The combo cluster profiles are displayed in Figure 16. Figures 17,
18, and 19 display the Low- Stabile and Labile, Middle- Stabile and Labile, and High-
Stable and Labile cluster averages, respectively. Figures 20 through 25 provide

exemplars of the six combo cluster profiles.
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CHAPTER 4

DISCUSSION

The present study combined time series analysis and dynamic cluster analysis to
investigate cardiovascular stress reaction patterns among individuals with ASD.
Interrupted time series analysis was conducted for each participant to examine
individual-level HR patterns during a stress-rest study design protocol. The diversity
observed across the interrupted time series results demonstrated a need to identify
subgroups of individuals with similar HR patterns. Accordingly, dynamic cluster
analysis was conducted to identify homogeneous subgroups of participants in the
sample based on their cardiovascular reactivity. These subgroups represent different
physiological stress reaction patterns and were used to further explore time series
results. Specifically, a series of ANOVAs were performed to examine the relationship
between the identified clusters and a number of time series variables. Statistically
significant differences between clusters were observed for several relevant time series
variables, providing support for the utility of this procedure.

Time Series Analysis

The present study used interrupted time series analysis to idiographically examine
43 replications of cardiovascular reactivity in individuals with ASD to a variety of
potential stressors previously identified in the literature. An idiographic study of this
magnitude adds to the current body of related literature by providing in depth

individual analyses on a relatively large and heterogeneous group of individuals with
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ASD. Previous research in this area has generally focused on nomothetic (i.e., group
level) comparisons between individuals with ASD and typically developing controls.
Group level analyses are based on averaged participant data and tend to ignore
individual differences. The time series analysis results from the current study provide
clear evidence that important differences exist between individuals with ASD, and that
aggregated data poorly represents many individuals within the group.

Some of the most striking findings from these idiographic analyses were the
diversity in baseline HR level and stress to rest HR patterns. Baseline HR levels
ranged from 68.5 bpm to 133.2 bpm (mean level = 95.4 bpm). While dramatic, these
findings are consistent with those previously reported in Groden et al. (2005) and
Goodwin et al. (2006). Additionally, both studies reported extremely high baseline HR
levels for some but not all participants with ASD. Average stress to rest change in
mean HR ranged from -8.9 bpm to 4.6 bpm (mean change = -1.0 bpm). These findings
reveal that, on average and across all stressors, HR significantly decreased from stress
condition to rest condition for some participants and increased for others. The number
of stressors reacted to (i.e., the number of stressors for which mean HR was
significantly greater during the stress condition than during baseline) was also
inconsistent across participants. Approximately 63 percent of participants reacted to 0
to 2 stressors; 30 percent reacted to 3 to 4 stressors; and 7 percent reacted to 5to 6
stressors. The diversity observed across individual time series findings demonstrated a
need for alternative approaches to traditional nomothetic methods in this context.

Time series analysis and idiographic approaches address some of the problems

associated with nomothetic methods, however, there are several disadvantages that
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typically accompany a purely idiographic approach. Common disadvantages of
idiographic research include small sample sizes and inability to generalize from a
single individual to a larger population of interest. The current study addressed both of
these disadvantages. The issue of sample size was addressed by including 43
participants. To the author’s knowledge, this study represents the largest idiographic
study of physiological stress responses in individuals with ASD to date. The issue of
generalizability was addressed by combining time series analysis with cluster analysis
to identify subgroups of participants who exhibited distinct HR response patterns.
When this approach is used, the goal of generalizing to an entire population is replaced
by the goal of generalizing to smaller, more homogeneous subgroups.

Dynamic Cluster Analysis

Level-Based Clusters. The first cluster analysis, conducted on (non-transformed)
time series data from the 43 participants, identified three groups that differed primarily
by series level. The clusters were named Low, Middle, and High to describe their
average level in relation to the other identified clusters within the sample studied. The
cluster names are not intended to provide an indication of how the cluster compares to
normal limits established for other populations of interest. These names were chosen
solely to describe the position of a cluster in relation to others in this study.

The Middle cluster was the largest, with approximately 49 percent of the sample
grouped into this cluster. The second largest cluster was the Low cluster, with
approximately 37 percent of the sample. The High cluster was the smallest of the three
clusters, with approximately 14 percent of the sample. Figure 6 clearly displays

average HR across time and phase for the three clusters and the total sample. While
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the Middle cluster appears to be well represented by the total sample average, the two
other clusters (representing just over 50 percent of participants in the sample) are very
poorly represented by the total sample average and would be largely overlooked by
traditional group-level analyses.

A series of ANOVAs were conducted to investigate cluster differences on a
variety of time series variables. The findings confirmed that the cluster analysis was
dominated by differences in level. Statistically significant differences between the
three clusters were found for all time series variables that represented the mean or
level of the series to some extent (i.e., series mean, baseline level, pooled stress mean,
and pooled rest mean). The statistically non-significant findings for all variables
related to shape and scatter (i.e., series standard deviation, pooled stress standard
deviation, pooled rest standard deviation, pooled stress vs. rest standard deviation, and
average stress to rest change in mean) suggested that the cluster analysis, while
informative regarding level based subgroups, did not capture other potentially
meaningful patterns in the data. Given these findings, level was removed from the data
(i.e., each series was transformed so that the mean was equal to zero) and a second
cluster analysis was conducted.

Shape-Based Clusters. The second cluster analysis, conducted on transformed
(mean equal to zero) time series data from the 43 participants, identified two groups
that differed by trajectory shape. The clusters were named Stabile and Labile to
describe the shape of the pattern observed for each cluster. As seen in Figure 12, the
Stabile cluster displays a relatively smooth pattern across the stress-rest protocol. For

Stabiles, HR remains consistent from stress to rest conditions. For some stress
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conditions (e.g., remote control robot), Stabiles even showed an increase in HR from
stress condition to rest condition, suggesting that rest conditions are not serving as HR
recovery periods for all participants. This may be because Stabiles also did not show a
pattern of HR reactivity (i.e., increased HR) to most stressors. Even when a significant
HR reaction was observed for a stress condition (i.e., eating a preferred food), HR did
not decrease during the following rest condition. Alternatively, the Labile cluster
displayed a HR pattern of stress condition reactivity (increased HR) followed by rest
condition recovery (decreased HR). This was most pronounced for the first four stress
conditions (loud noise, remote robot, unstructured time, and eat preferred food).

The Stabile cluster was the larger of the shape clusters, with approximately 68
percent of the sample grouped into this cluster. The Labile cluster was considerably
smaller, with approximately 32 percent of the sample. Figure 13 displays average HR
across time and phase for the two clusters and the total sample. Again, the total sample
average does a poor job of capturing the pattern observed for either cluster. While the
total sample average better represents the Stabile cluster (most likely because of the
larger number of participants in that cluster), neither cluster is well represented by the
average. The unique patterns exhibited by each cluster would be difficult to uncover
using group average techniques.

A series of ANOVAs were conducted to investigate cluster differences on a
variety of time series variables. The findings provided further validation that the two
clusters differed in HR stress to rest reactivity pattern (i.e., shape). Of particular
interest were the significant findings for pooled stress vs. pooled rest mean and

average stress to rest change in mean. The pooled stress vs. pooled rest mean variable
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provides an overall indication of how HR activity during all stress conditions
compares to activity during all rest conditions (i.e., mean difference between all stress
conditions and all rest conditions). The average stress to rest change in mean reveals
more about the back and forth pattern of each stress condition to its subsequent rest
condition. The statistically significant differences found for these variables between
the two clusters supports the cluster differences that were visually observed in the
cluster profile plots (Figure 12).

Stabiles and Labiles also differed significantly on several variables that represent
scatter (or variability) of the trajectories. Significant differences were found for series
standard deviation, pooled stress standard deviation, and pooled rest standard
deviation. However, given the differences is cluster size, caution should be used when
interpreting these findings. While the pattern of ANOVA findings seem to suggest that
the Stabile cluster displays less variability (i.e., standard deviation was significantly
lower for Stabiles than for Labiles), it is also possible that the smaller standard
deviations observed for the Stabile cluster are, at least in part, a function of having
more subjects in that cluster.

Perhaps one of the most informative findings for future research was the non-
significant finding between the two shape clusters for number of stressors greater than
baseline. Given the patterns observed by the clusters, a tenable hypothesis would be
that Labiles show increased HR over baseline for more stressors than do Stabiles. This
hypothesis, however, was not fully supported. Instead, on average, both clusters had a
mean of 2 stressors significantly greater than baseline. When interpreting these seemly

disparate results, it is important to consider the difference between the number of
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stressors greater than baseline variable and the variables for which significant
differences between the two clusters were found. The former, a variable that
summarizes the interrupted time series results, is concerned with changes observed
from baseline to each subsequent stress condition (i.e., each stress condition is
compared to the initial two-minute baseline phase). The latter, descriptive variables
that were not specifically tested for with time series analysis, are concerned with
overall mean differences in stress and rest conditions and the pattern observed from
each stress condition to its subsequent rest condition. The decision to compare stress
conditions to the initial baseline phase in the time series analysis part of this study was
based on previous research that employed similar procedures (Groden et al. 2005,
Goodwin et al. 2006) and mitigates against possible carryover effects in rest phases. In
light of the current findings, however, future research in this area should consider
employing several variations of interrupted time series analysis (e.g., individual stress
conditions compared to baseline, individual stress conditions compared to its
subsequent rest condition, pooled stress conditions compared to pooled rest
conditions).

Combo Clusters. To the author’s knowledge, this is the first study to date that
employed two versions of dynamic cluster analysis and subsequently combined the
results to form homogenous subgroups based on both level and shape of trajectory.
The small cluster sizes that resulted from combining level and shape clusters made it
difficult to make statistical comparisons between the combo clusters. However, it is
worth noting that all possible combo clusters (six total) had cluster members. In other

words, all three level clusters (High, Middle, and Low) were comprised of individuals
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from both the Stabile and Labile clusters. This suggests that baseline HR alone is not a
good predictor of stress/rest response patterns. For example, the High cluster, while
small (n = 6), was evenly split with Stabiles (n = 3) and Labiles (n = 3). Therefore,
knowing that an individual has a high baseline HR does not provide valuable
information about the shape of his or her trajectory (i.e., stress/rest reactivity pattern).

From a methodological standpoint, the practice of conducting multiple dynamic
cluster analyses to cluster the same group of participants on several different
dimensions could offer several putative advantages. Given that dynamic cluster
analysis classifies individuals based on a single variable observed over many
occasions, the procedure is not well suited for multivariate research designs. Forming
combo clusters from the results of separate cluster analyses, however, allows
researchers to investigate multiple variables and further refine subgroups within a
sample. While the current study used this technique to look at different dimensions of
a single variable (i.e., HR level and shape), the procedure could easily be extended to
research questions involving several different variables. For example, if both HR and
an additional measure of the ANS (e.g., electrodermal activity data) were available,
separate dynamic cluster analyses could be conducted and later combined to form a
more complete picture of subgroups within the sample.
Limitations

One major limitation of the current study was that it was a secondary data
analysis. Demographic and medical variables were unavailable to the author at the
time analyses were conducted. This limited the variables available for establishing

external validity. In addition to the time series variables used for external validity,
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analyses involving age, gender, 1Q, verbal ability, and medication information may
have provided valuable information about possible differences between clusters. A
follow up study is planned that will include demographic and medical variables as part
of the external validation procedure.

A second limitation was the limited participant sample size. While the participant
sample was very large for time series studies, it was quite small for cluster analysis.
The small sample resulted in reduced power for the ANOVAs conducted to compare
clusters on time series variables. A small sample also made it impossible to split the
sample and attempt to replicate our cluster results on two separate samples.
Replication is an important way to establish internal validity when an exploratory
procedure such as cluster analysis is employed. Further studies are needed to replicate
the current findings.

Lastly, the study protocol employed during data collection was not optimally
tailored to the analyses performed for this study. Consequently, the original data was
manipulated in several ways to fit the requirements of the current study. All changes
made to the original data have been previously described in the Methods section;
however, it is important to acknowledge that these changes to the data could have
generated unanticipated consequences. Future studies that intend to follow the
methodological approach outline in this study should plan ahead for the specific
requirements dictated by the analyses employed. For example, establishing a protocol
with equal phase lengths (i.e., the same number of time points) for each participant
would reduce the amount of data reduction and manipulation needed to meet the equal

series length requirement of dynamic cluster analysis.
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Conclusions

The findings from this study have important assessment and treatment
implications related to cardiovascular arousal and stress in individuals with ASD.
Specifically, the present results suggest that treatment approaches and/or interventions
tailored to homogeneous subgroups could be more effective than approaches designed
for the notoriously heterogeneous population of individuals with ASD. For example,
interventions tailored to individuals who fit the Middle-Labile subtype could include
relaxation techniques to be used throughout the day, and especially before and after
known stressors. Alternatively, interventions tailored to individuals who fit the Low-
Stabile subtype might include short periods of physical activity to increase arousal
level and facilitate attention and focus.

Developing a Typology of Temporal Patterns (TTP) is a novel approach that
combines time series analysis and dynamic cluster analysis to form subgroups of
individuals who share similar longitudinal trajectories. The present study
demonstrated the usefulness of TTP by applying it to the study of cardiovascular
arousal to environmental stressors in individuals with ASD. This method, however, is
not limited to this particular area of study. As intensive longitudinal data becomes
increasingly available, researchers will need to find a balance between idiographic and
nomothetic approaches to data analyses. The current study provides an example of

how the TTP method can help move the field towards that goal.

32



Table 1. Observational Design and Stress Task Descriptions

Phase Task Task description Stress survey domain

1 Baseline Seated in a comfortable chair

2 Loud noise Seated in a comfortable chair while a Sensory/personal contact
vacuum cleaner runs outside the room

3 Rest Seated in a comfortable chair

4 Remote robot Seated in a comfortable chair while a Anticipation/uncertainty
remote control robot navigates around the room

5 Rest Seated in a comfortable chair

6 Unstructured time Sitting in the room alone, given no other Anticipation/uncertainty
instructions than “We will be back in 2 minutes”

7 Rest Seated in a comfortable chair

8 Eating preferred food Given a preferred food to eat Pleasant event

9 Rest Seated in a comfortable chair

10 Difficult task Seated in a comfortable chair and asked to Changes/threats
mimic how the familiar person folds a towel

11 Rest Seated in a comfortable chair

12 Change in staff Familiar person leaves and person unfamiliar to Unpleasant event
the participant sits in the room

13 Rest Seated in a comfortable chair

14 Physical exertion Riding a stationary bicycle
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Table 2. Time series analysis summary statistics for all individuals

ID M

01 1115
02 949
03 903
04 822
05 104.2
06 102.4
07  98.9
08 86.2
09 724
10 90.1
11 100.9
12 106.0
13 1204
14 1325
15 1011
16 115.0
17 973
18 98.9
19 938
20 1079
21 838
22 975
23 120.2
24 976
25 876
26 832
27 854
28 90.2
29 886
30 952
31 105.8
32 1132
33 859
34 980
35 106.8
36 850
37 956
38  96.0
39 859
40 106.5
41 91.0
42 89.0
43 99.8
AVG 975

Series  Series

SD

8.9
111
7.8
9.7
8.1
7.3
7.8
6.1
7.3
4.6
15.3
6.7
8.4
4.7
4.6
7.9
4.3
7.0
5.9
10.5
9.4
12.9
5.6
6.9
6.7
9.0
8.5
9.9
10.2
10.4
9.2
4.4
7.2
5.5
53
51
7.6
8.9
5.9
53
7.5
6.2
6.8
7.6

BL
Level
113.9
89.5
84.4
80.0
104.8
98.3
99.5
86.1
68.5
91.9
81.0
104.9
1154
133.2
97.1
119.1
98.5
97.4
90.9
105.7
79.7
96.4
120.6
94.8
85.7
76.8
835
88.8
86.5
94.6
106.2
112.3
84.9
95.9
105.8
81.3
89.1
91.9
81.6
107.0
88.5
89.1
101.7
95.4

AR1

0.56
0.50
0.48
0.50
0.65
0.69
0.40
0.44
0.66
0.68
0.75
0.48
0.74
0.86
0.52
0.75
0.53
0.61
0.79
0.47
0.50
0.62
0.48
0.44
0.47
0.42
0.43
-0.06
0.30
0.52
0.47
0.65
0.55
0.51
0.62
0.66
0.69
0.43
0.26
0.82
0.79
0.62
0.52
0.55

Stress

M

114.7
93.5
90.6
83.4

103.5

103.9
97.4
85.4
72.0
89.0

108.2

107.8

124.0

133.9

102.1

112.5
96.7

101.9
92.6

109.9
85.4
97.5

120.0
99.3
85.6
86.0
85.3
935
91.6
955

107.8

112.6
86.7
98.0

107.5
86.0
97.9
95.8
88.0

105.7
95.0
88.4
99.3

98.4

M

108.4
96.8
90.7
815

104.9

101.6

100.7
87.1
734
90.8
96.7

104.6

118.1

131.2

100.8

116.3
97.6
96.4
95.1

108.8
83.0
97.7

120.2
96.5
89.5
81.5
85.2
87.8
86.0
94.9

104.0

113.7
85.3
98.2

106.3
84.6
94.3
97.0
84.8

106.6
87.8
89.5
99.9

97.1

Pooled

M

6.3
-3.2
-0.1

19
-1.4

2.3
-3.2
-1.7
-15
-1.7
115

3.2

59

2.7

1.3
-3.8
-0.9

55
-2.5

11

24
-0.2
-0.2

2.8
-3.9

4.5

0.1

5.8

5.6

0.6

3.8
-11

14
-0.2

1.2

14

3.6
-1.1

3.2
-1.0

7.2
-1.1
-0.7
13

SD

6.8
9.9
7.6
6.9
6.8
6.7
6.0
5.6
6.6
2.9
10.5
54
6.0
4.0
32
4.0
39
5.1
3.7
6.9
5.9
9.7
49
5.0
4.6
7.0
7.2
6.4
7.4
9.7
8.0
2.9
6.0
43
4.0
4.1
5.9
9.1
4.0
2.6
55
5.1
55
5.9

Rest
SD
6.0
9.2
6.7
7.9
6.5
5.3
4.9
5.4
5.6
3.7
5.3
6.2
6.5
24
3.3
7.3
4.1
5.4
35
8.7
7.3
104
4.4
44
6.2
6.6
6.9
8.2
7.0
8.6
6.4
3.1
5.6
4.2
4.1
3.2
5.2
6.7
4.2
3.3
5.4
5.6
5.2
5.7

Pooled AVG

Pooled Pooled Stress Pooled Pooled Stress

Rest vs. Rest Stress vs. Rest to Rest

SD

0.8
0.7
1.0
-1.0
0.4
15
1.2
0.2
1.0
-0.8
52
-0.7
-0.5
16
-0.1
-3.3
-0.2
-0.3
0.1
-1.7
-1.5
-0.6
0.5
0.6
-1.6
0.4
0.3
-1.8
0.4
11
17
-0.2
0.4
0.2
-0.1
0.9
0.7
24
-0.2
-0.7
0.1
-0.5
0.4
0.2

Stress Stressors

Change
-1.2
45
1.0
-1.7
16
-1.8
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Table 3. Effect sizes (Cohen’s d) associated with interrupted time series analysis t-tests

Phase
ID 2 3 4 5 6 7 8 9 10 11 12 13
01 -0.10 -029 -030 -0.81* 055* -0.91* 0.38 -041* -060* -061* 029 0.16
02 -020 0.11 007 006 027 026 044* 1.09* 0.65* 0.67* 045* 0.48*
03 021 039 043* 037 047* 067* 042* 051* 0.83* 065* 0.63* 0.66*
04 035 005 -021 -0.02 -007 020 119* 0.71* 068* -0.17 -030 -0.20
05 -0.78* 024 -0.07 -0.07 0.14 -0.09 039 -0.07 -045* -0.10 034  0.03
06 045* 0.12 -0.19 042* 0.73* 0.40* 047* 000 041* 051* 0.19 031
07 -0.98* -047* -054* 028 -051* -021 -028 1.03* 0.12 055* 0.94* -0.42*
08 -021 -028 -055* 024 025 0.18 048* 0.10 0.16 021 -041* 021
09 0.09 000 -022 029 -002 0.85* 032 107* 047* 051* 057* 0.17
10 -033 -038 -026 030 -050* -039 0.08 -024 -025 0.09 -034 -0.76*
11 164* 108* 1.03* 0.69* 0.70* 0.62* 101* 067* 0.81l* 049* 0.72* 0.72*
12 027 010 068* 0.16 047* 038 -0.17 0.05 0.06 -055* 0.04 -0.09
13 029 014 028 0.17 075* 029 069* 0.70* 041* -0.06 038 -0.10
14 0.37* -042* -0.07 004 -0.08 -022 042* -0.18 021 -021 -0.43* -0.18
15 053* 004 044* 0.18 050* 0.85* 217* 131* 085* 051* 0.85* 1.06*
16 -058* -0.60* -0.34 0.02 -054* -043* 000 0.15 -0.03 -052* -0.53* 0.18
17 -033 -0.10 -021 -0.11 -040 -0.03 023 -0.06 -030 -0.30 -0.35 -0.29
18 0.78* -0.03 036 -0.02 023 0.12 043* 0.18 067* -0.01 -0.49* -047*
19 013 034 031 -031 -0.13 037 0.17 087* 048* 035 043* 041*
20 030 -0.09 -059* -027 152* 0.96* 037 067* -004 042* -0.18 -0.03
21 -0.44* -021 -0.12  0.01 056* 0.10 1.22* 0.73* 1.08* 1.29* 0.47* -0.03
22 049* -0.02 -052* 038 053* -029 -0.11 -0.04 -044* 035 0.15 025
23 -020 055* 0.02 -022 0.04 014 025 020 -032 -029 -021 -0.73*
24 -027 -041* 083* 0.16 0.02 -0.06 146* 070* 093* 1.09* 0.09 0.05
25 -0.04 0.18 -0.11 020 003 054* -027 1.20* 034 044* 0.11 0.02
26 022 -0.18 0.08 -0.05 136* 027 124* 118* 111* 071* 096* 092*
27 025 061* 0.13 -0.44* 0.11 049* 038 053* 028 -025 -0.28 -0.08
28 -038 -042* 1.82* 0.13 -0.06 -045* 1.17* 0.11 150* 0.81* -043* -1.04*
29 0.94* -028 026 -041* 0.14 -032 1.74* 1.09* 0.19 -035 -0.45* -0.02
30 -024 -035 023 -0.12 0.09 028 056* 056* 0.00 0.05 -025 -0.34
31 -0.17 -0.90* 0.84* 052* 0.02 -0.01 032 019 010 -064* -034 -029
32 -0.11 -0.14 -0.17 -036 0.08 044* -024 0.86* 0.15 1.18* 050* -0.64~*
33 044* -022 -043* 0.03 -0.08 -044* 097* 038 0.18 -0.02 -0.11 0.45 *
34 0.6 027 -029 043* 025 075* 026 0.11 1.31* 0.65* -0.17 -0.06
35 0.17 036 -024 -028 0.04 0.00 096* 039 045* 053* -031 -057*
36 009 026 035 063* 081* 051* 0.67* 1.02* 095* 051* 0.18 0.03
37 015 -0.10 025 027 069* 049* 0.92* 090* 0.75* 1.13* 077* 052*
38 042* 0.07 -0.12 051* -0.11 033 033 095* 063* 071* 052* 022
39 081* -033 030 0.74* 002 060* 217* 059* 211* 100* 122* 1.30*
40 -0.12 -023 -0.58* -053* -042* -0.10 051* 0.39* 0.66* -050* -049* 051~*
41 021 -0.09 0.39* -0.15 083* 027 047* 032 -001 -040* 0.40* -0.09
42 -031 -023 -025 -0.14 -037 001 -026 0.14 038 043* -0.13 0.46*
43 -039 -0.54* -065* 0.09 -0.74* -0.43* 0.61* -0.01 0.05 -039 -0.10 0.08
*p<.05
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Table 4. ANOVA result summaries for level-based cluster comparisons

Level-Based Cluster

Low Middle  High Total
(n=16) (n=21) (h=6) (N=43) ANOVA Summary

Dependent Variable Mean (SD) F df p value n’

Series Mean 86.05  100.24 11880 97.55  100.12 2,40 <001* 0.83
45 (44  (76) (1192

Series SD 757 797 665 764 074 2,40 048  0.04
@) (28 (20 (23

BL Level 8358  97.67 119.08 9541  66.94 2,40 <001* 0.77
G7)  (68) (716)  (13.3)

ARL 48 57 67 55 356 2,40 004* 015
02 (01 (1) (0.2

Pooled Stress Mean ~ 86.99  101.05 11961 9841 7571 2,40 <001* 0.79
G52)  (53) (84) (122)

Pooled Rest Mean 8553  99.97 11797 97.11 10315 2,40 <001* 0.84
44)  (43) (77 (11.8)

Eoo:egétests,\\//ls. 1.46 107 163 130 009 240 091 001

ooled Rest Viean (3.2) (34) (@41 (33

Pooled Stress SD 5.80 6.30 4.77 5.90 1.44 2,40 0.25 0.07
(L4)  (24) (143  (2.0)

Pooled Rest SD 5.97 574 494 571 072 2,40 050 0.4
L4 (200 (20 (18

Eoo:eggtestss‘g 017 056 -017 0.9 169 2,40 020 008

ooled Res (0.9) 14 @7 (13

AVOSHESIORESL 414 068 175 100 026 240 077 001

ange In iviean (3.3) (B1) @1 (33

thressor”tha” 2.25 220 117 212 119 2,40 032 006
w17 (12 (16)

% Missing 3.13 324 283 314 006 2,40 094  0.00
26 (27 (19 (25

*p<.05

36



Table 5. ANOVA result summaries for shape-based cluster comparisons

Shape-Based Cluster

Stabile Labile  Total
(n=28) (n=13) (N=41) ANOVA Summary
Dependent Variable Mean (SD) F df p value 7
Series Mean 95.57 101.56  97.47 2.20 1,39 0.15 0.05
(12.1) (11.9) (12.2)
Series SD 6.75 8.56 7.32 10.21 1,39 .003 * 0.21
1.7 (1.6) (1.9
BL Level 93.74 100.1 95.74 2.02 1,39 0.16 0.05
(13.6) (12.3) (13.4)
AR1 57 .50 .55 1.22 1,39 0.28 0.03
(0.1) 0.2) 0.2)
Pooled Stress Mean 95.60  103.77 98.19 4.18 1,39 0.05* 0.10
(12.0) (11.8) (12.3)
Pooled Rest Mean 95.76  100.00 97.10 1.09 1,39 0.30 0.03
(12.1) (12.2) (12.1)
pooled Siess v 016 377 108 2468 1,39 <001*  0.39
(2.3 (2.5) (3.0
Pooled Stress SD 5.27 6.61 5.69 5.55 1,39 0.02 * 0.13
(1.8) (1.3) (1.8)
Pooled Rest SD 5.15 6.6 5.61 7.78 1,39 0.01* 0.17
(1.6) (1.4) 1.7)
Pooled Stess vs.
0.12 0.01 0.09 0.09 1,39 0.76 0.00
Pooled Rest SD (1.1) (1.1) (1.1)
AVOSHESIORESL 053 38 084 2853 1,39 <Q0L* 042
g 23)  (26) (3.1)
# Stressors > than BL 2.00 2.08 2.02 0.02 1,39 0.89 0.00
1.7 (1.3) (1.6)
% Muissing 3.57 2.15 3.12 2.87 1,39 0.10 0.07
(2.6) (2.2) (2.6)
*p<.05
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Table 6. Number of participants in each combo cluster

Shape-Based Cluster

Stabile Labile Total

Level-Based Cluster

Low 12 4 16
Middle 13 6 19
High 3 3 6
Total 28 13 41
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Figure 1. Distribution of AR1 for the total sample (N = 43)
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Figure 2. Box and whisker plot for the total sample mean heart rate by phase
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Level Based Cluster
Averaged Heart Rate across Time (and Phase)
Time Series Plot
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Figure 6. Level-based cluster averages across time (and phase)
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Participant # 14

165

155

125

1151

105+

95

851

75

2-second Average Heart Rate (bpm)

65

86

g, MrW\WJ M

M

]
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cluster analysis
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Figure 12. Shape-based cluster profiles
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Shape Based Cluster
(Mean=Zero) Heart Rate across Time (and Phase)
Time Series Plot
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Figure 13. Shape-based cluster averages across time (and phase)
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Combo Cluster Profiles
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Figure 16. Combo Cluster Profiles
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Combo Clusters (Level=Low)

Averaged Heart Rate across Time (and Phase)
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Combo Cluster (Level=Middle)

Averaged Heart Rate across Time (and Phase)
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Combo Cluster (Level=High)
Averaged Heart Rate across Time (and Phase)
Time Series Plot
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Figure 19. High-Stabile and High-Labile cluster averages across time (and phase)
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2-second Average Heart Rate (bpm)

Figure 22.
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2-second Average Heart Rate (bpm)

Figure 23.
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2-second Average Heart Rate (bpm)

Figure 24.
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Figure 25. High-Labile Cluster Exemplar
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Appendix 1. Participant 01

Heart Rate across Time (and Phase)

2-second Average Heart Rate (bpm)
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Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M 8D Parameter Estimate SE  tvalue pvalue  Cohen'sd
L Basaline (BL) level 1139 1.60 7133 <0001
1 Baseline 60 1138 54 ARI 1% order auloregressive ferm 0.6 0.04 1311 <0001
2 Loud Noise 30 1136 46 DLtz Loud Noisa vs. BL -1.3 260  -0.48 0.630 -0.10
3 Rest 30 1097 55 DLjhases  Restvs.BL -39 294 -1.33 0.185 -0.29
4  Remote Robot 30 1091 9.5 DL hases Remote Robot vs. BL -39 271 -1.44 0.149 -0.30
5 Rest 30 1034 87 DLjtases  Restvs. BL 2106 267  -3.95 <0001 * -0.81
6  Unstructured Time 30 1225 74 DL jhases Unstructured Time vs. BL 7.2 2.7% 2.60 0.009 * 0.55
7 Rest 30 1027 43 DLjhaser  Restys BL -121 277 -436 0 <0001 * -0.91
8  Eating Preferred Food 30 1182 33 DLjhascs  Eaing Preferred Food vs. BL 5.0 2.67 1.85 0.064 0.38
9  Rest 30 1091 54 DL jhases Rest vs. BL -53 268 -1.99 0046 *  -041
10 Difficult Task 30 1057 59 DLhasero  Dificul Taskus. BL <79 276 -2.87 0.004 * -0.60
11 Rest 30 1035 44 DLjpssenn Restvs BL -80 277 290 0.004 *  -061
12 Unfamiliar Person 30 1191 98 DLhase1z  Unfamiliar Person vs. BL 3.8 268 1.41 0.159 0.29
13 Rest 30 1164 8.1 DLphgsers  Restus.BL 22 271 0.79 0427 0.16

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases

Restphases =0
All phases =l
# of phases significantly less than baseline:
Stress phases =1
Rest phases =4
All phases =35
# of phases significantly different from baselin
Stress phases =2
Rest phases =4
All phases =6

el

64

Stress Phases Significantly Greater Than baseline

Unstructured Time

Cluster Classification

Level Cluster = High
Shape Cluster = Labile

Combo Cluster = High-Labile



Appendix 2. Participant 02

Heart Rate across Time (and Phase)

2-second Average Heart Rate [bpm)
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Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results

Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd

L Basefine (BL) level 89.5 213 42,03 <0001

1 Baseline 60 894 7.1 AR1 1# grder autoregressive term 0.5 0.04 1133 <.0001

2 Loud Noise 30 862 7.0 DLgnase2 Loud Noise vs. BL -3.5 353 -0.99 0.321 -0.20
3 Rest 30 919 76 DL phases Restvs. BL 1.8 3.60 0.51 0.608 0.11
4 Remote Robot 30 894 8.1 DLjtases  Remote Robot vs. 8L 1.3 361 0.35 0.729 0.07
5 Rest 30 91.7 9.8 DL jhases Restvs. BL 1.0 3.61 0.28 0.783 0.06
6  Unstructured Time 30 928 111 DL ghases Unstructured Time vs. BL 4.7 361 1.29 0.197 0.27
7  Rest 30 963 94 DLphaser Restvs. BL 45 361 1.23 0.218 0.26
8§  Eating Preferred Food 30 96.0 10.6 DL phases Eating Praferred Food vs. BL 7.7 3.60 2.12 0.034 * 0.44
9  Rest 30 1089 57 DLghases Restvs. BL 189 3.61 526 <0001 * 1.09
10 Difficult Task 30 1004 125 DLghasero  Diffcult Taskvs. BL 114 3.60 3.16 0.002 * 0.65
11 Rest 30 1002 117 DLjhasen1  Restvs.BL 1.7 3.61 325 0.001 * 0.67
12 Unfamiliar Person 30 954 104 DLghaserz  Untamiliar Person vs. BL 7.8 3.61 2.16 0.031 * 0.45
13 Rest 30 990 132 DLgye;s  RestusBl 84 364 232 0020 * 048

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =3
Rest phases =3
All phases =6

# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =3
Rest phases =3
All phases =6

Stress Phases Significantly Greater Than baseline

* Eating Preferred Food
o Difficult Task
¢ Unfamiliar Person

Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile
Combo Cluster = Middle-Stabile
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Appendix 3. Participant 03

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase

2-second Average Heart Rate (bpm)
H

(A W Lm ! i W, Wh W*.‘MWW :

Mean Heart Rate (bpm)
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B ffé*ge“é’@f}fé'é‘jf

. L A A A A

- & o &

1 2 3 4 5 6 7 ] L] 10 1 12 13 ﬁ ? Oe
Phase <&
Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE fvalue pvalue  Cohen'sd
L Baseline (BL) level 844 159 5296 <0001

1 Baseline 60 84.8 72 ARI1 1% order autoregressive term 0.5 0.05 10,39  <.0001
2 Loud Noise 30 866 11.0 DL pnase2 Lowd Noise v BL 27 263 1.03 0.305 0.21
3 Rest 30 89.9 4.2 DLghases Restvs. BL 51 279 1.83 0.067 0.39
4 Remote Robot 30 89.0 7.9 DL phases Remote Robot vs. BL 56 272 2.06 0.039 * 0.43
5  Rest 30 90.5 7.9 DL jhases Restvs. BL 4.8 2.68 1.81 0.070 0.37
6  Unstructured Time 30 909 75 DL hases Unstructured Time vs, BL 6.1 2.69 226 0.024 * 0.47
7  Rest 30 93.0 4.1 DL ghgser Restvs. BL 8.7 2.68 325 0.001 * 0.67
8  Eating Preferred Food 30 90.0 6.0 DLphases Eating Preferred Food vs. BL 55 2.68 2.06 0.039 * 0.42
9  Rest 30 905 89 DLgnases  Restvs. BL 67 270 247 0014 * 051
10 Difficult Task 30 94.5 57 DLgtasero  Difficult Task vs. BL 108 269 402 <0001 * 0.83
11 Rest 30 931 64 DLphaserr  Restvs.BL 85 273 3.13 0002 * 065
12 Unfamiliar Person 30 926 7.8 DLpnase1z  Unfamiliar Person vs. BL 82 272 3.03 0003 * 063
13 Rest 30 92,9 8.1 DLphssers  Restvs.BL 86 2.70 3.19 0.001 * 0.66
Summary of Significant Time Series Results Stress Phases Significantly Greater aseline

# of phases significantly greater than baseline:
Stress phases =35
Rest phases =4
All phases =9

# of phases significantly less than baseline:
Stress phases =0

Rest phases =0
All phases =0
# of phases significantly different from baseline:
Stress phases =35
Rest phases =4
All phases =9

Remote Rob

ot

Cluster Classification

Level Cluster = Low

Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Eating Preferred Food
Difficult Task
Unfamiliar Person



Appendix 4. Participant 04

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 80.0 1.71 4671 <0001
1 Baseline 60 801 7.7 AR1 19 order autcregressive term 0.5 004 1137 <0001
2 Loud Noise 30 846 127 DLjnase2  Loud Noisavs. BL 49 284 174 0.082 0.35
3 Rest 30 819 53 DLjhases  Restvs.BL 0.7 290 025  0.805 0.05
4 Remote Robot 30 750 87 DLjtases  Remote Robotvs. BL S3.0 290 -1.04  0.300 -0.21
5 Rest 30 802 9.0 DLjtaces  Restvs.BL <03 290  -0.11 0.913 -0.02
6  Unstructured Time 30 794 66 DLyhases  Unstructured Time ve. BL -0 291 -0.36 0.723 -0.07
7 Rest 30 827 83 DLjtsser  Restvs.BL 28 290 098 0328 0.20
8 Eating Preferred Food 30 968 5.0 DLjtaces  EaingPrefemedFoodvs.BL 167 290 577 <0001 * 119
9  Rest 30 912 70 DLjhases  Restvs.BL 100 290 345 0001 * 071
10  Difficult Task 30 882 44 DLgnsseio  Diffcult Task vs. BL 95 290 327 0001 * 068
11 Rest 30 779 95 DLjtasenn  Restvs. BL 23 290 -0.81 0.418 -0.17
12 Unfamiliar Person 30 765 40 DLjtaceiz  Unfamikar Person vs. BL -43 290 -147 0142 -0.30
13 Rest 30 766 85 DLphasers  Restvs. BL 29 292 098 0325 -0.20

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =2
Rest phases =1
All phases =3

# of phases significantly less than baseline:
Stress phases =10
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =2
Rest phases =1
All phases =3

Stress Phases Significantly Greater Than baseline

e Eating Preferred Food
e Difficult Task

Cluster Classification

Level Cluster = Low
Shape Cluster = Labile
Combo Cluster = Low-Labile
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Appendix 5. Participant 05

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE rvalue pvalue  Cohen'sd
L Baseline (BL) level 1048 199 5275 <0001
1 Baseline 60 1039 9.8 ARI1 1¥ order autoregressive term 0.6 0.04 1634 <0001
2 Loud Noise 0 962 94 DLghasez Lowd Noise vs. BL -123 312 -394 <0001 * -0.78
3 Rest 30 1080 85 DLjtases  Restvs. 8L 38 324 118 0.239 0.24
4 Remote Robot 301022 6.0 DLphaces  Remole Robotvs, BL L1324 035 0724 -0.07
5  Rest 30 1044 6.3 DLpjhases  Restus.BL -1.2 325 -0.36 0.717 -0.07
6  Unstructured Time 30 1069 5.0 DLghsses  Unstructured Time ve. BL 22 325 069 0492 0.14
7 Rest 30 1062 6.2 DLjhaser  Restvs. BL -5 330 044 0.661 -0.09
8  Eating Preferred Food 30 109.0 64 DLyjhases  Eating Frefermed Food vs. BL 63 325 1.94 0.052 0.39
9  Rest 3001032 72 DLghases  Restvs.BL -1 330 -0.34 0.734 -0.07
10 Difficult Task 30 972 46 DLphsseto  Diffcult Taskvs. BL 273 333 2200 0028 * 045
11 Rest 30 1038 32 DLghasenn  Restvs. BL -7 332 -0.51 0.610 -0.10
12 Unfamiliar Person 30 1094 98 DLjhase1z  Unfamiliar Person vs. BL 54 325 1.67 0.095 0.34
13 Rest 30 1047 39 DLghaseis  Restys. BL 0.5 3.32 0.14 0.891 0.03

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =0
Rest phases =0
All phases =0
# of phases significantly less than baseline:
Stress phases =2
Rest phases =0
All phases =2
# of phases significantly different from baseline:
Stress phases =2
Rest phases =0
All phases =2
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Stress Phases Significantly Greater Than baseline

Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile

Combo Cluster = Middle-Stabile



Appendix 6. Participant 06

Heart Rate across Time (and Phase)
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  (value pvalue  Coken'sd
L Baseline (BL) level 983 1.84 5354 <0001

1 Baseline 60 98.8 5.6 AR1 1% order autoregressive term 0.7 0.04 18.67  =.0001
2 Loud Noise 30 1046 7.1 DL phasez Loud Noise vs. BL 65 277 2.36 0.018 0.45
3  Rest 30 100.0 335 DL phases Rest vs, BL 1.8 295 0.60 0.546 0.12
4 Remote Robot 30 963 49 DL phases Remate Robot vs. BL =28 297 -0.95 0.343 -0.19
5 Rest 30 1036 6.6 DL pases Rest ve. BL 6.2 298 2.10 0.036 0.42
6  Unstructured Time 30 111.8 134 DL jhasce Unstructured Time vs, BL 10.8 298 3.63 0.000 0.73
7 Rest 30 1012 4.6 DL jbase? Rest vs, BL 6.0 299 2.00 0.045 0.40
8 Eating Preferred Food 30 104.5 6.8 DL jhases Eafing Prefemed Food vs. BL 7.0 298 2.34 0.019 0.47
9  Rest 30 99.5 4.5 DL ghaseo Rest vs. BL 0.0 298 -0.01 0.990 0.00
10 Difficult Task 30 1058 39 DLhaseroc  Diffcult Task vs. BL 6.0 298 2.03 0.043 0.41
11 Rest 30 1048 71 DL jhasent Rest vs. BL 7.5 298 2.52 0.012 0.51
12 Unfamiliar Person 30 1004 42 DLyhaser2  Unfamiiar Pesson vs. BL 27 298 0.92 0.358 0.19
13 Rest 30 1031 5.0 DL phasers  Restvs.BL 47 306 153 0.126 0.31

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =4
Rest phases =3
All phases =7

# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =4
Rest phases =3
All phases =7

Stress Phases Significantly Greater Than baseline

Loud Noise
Unstructured Time
Eating Preferred Food
Difficult Task

Cluster Classification

Level Cluster = Middle
Shape Cluster = Labile
Combo Cluster = Middle-Labile
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Appendix 7. Participant 07

Heart Rate across Time (and Phase)
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Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M SD Parameter Estimate SE fvalue pvalue  Cohensd

L Basedine (BL) level 99.5 115 86.57 <.0001

1 Baseline 60 995 6.1 AR1 1# order autoregressive lemm 04 005 829 <0001
2 Loud Noise 30 903 44 DLjhasea  Loud Noise vs. BL 92 194 475 <0001 * .098
3 Rest 30 955 79 DLjhases  Restys BL -45 195  -228 0022 * -047
4 Remote Robot 30 944 76 DLjhases  Remote Robet vs. BL -5 195 <259 0.010 * -0.54
5 Rest 30 1025 69 DLjhases  Restus 8L 26 1.94 135 0176 0.28
6  Unstructured Time 30 94.3 54 DL hases Unstructured Time vs, BL -4.8 1.94 -2.49 0.013 * -0.51
7 Rest 30 968 36 DLjhase7  Restvs.BL 220 199  -1.02 0308 -0.21
8  Eating Preferred Food 30 971 53 DLyhsses ~ EmingPrefered Foodvs, B 2.7 1.97  -1.35 0.176 -0.28
9 Rest 30 1094 32 DLjhases  Restys.BL 9.7 196 496 <0001 1.03
10 Difficult Task 30 1006 73 DLjhasero  Dificult Taskvs. BL 1.1 1.94 0.59 0.557 0.12
11 Rest 30 1056 32 DLhasetn  Restvs BL 60 270 2.24 0.025 0.55
12 Unfamiliar Person 30 1080 6.1 DLhsel2  Unfamiliar Person vs. 6L 88 1.94 457 <0001 0.94
13 Rest 30 956 33 DLjhasers  Restvs. BL -4.0 194  -2.05 0.040 -0.42

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =1
Rest phases =2
All phases =3

# of phases significantly less than baseline:
Stress phases =3
Rest phases =2
All phases =3

# of phases significantly different from baseline:

Stress phases =4
Rest phases =4
All phases =8
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Stress Phases Significantly Greater Than baseline
¢ Unfamiliar Person

Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile
Combo Cluster = Middle-Stabile



Appendix 8. Participant 08

Heart Rate across Time (and Phase)

2-second Average Heart Rate (bpm)

A ' l |
i ,w.“.{iw],er'-w‘le

Il
AT

ri

i

140
135
130
125
120
115
110
105
100
95 2
g .. 8
B0

75

70

85

Mean Heart Rate (bpm)

Mean Heart Rate by Phase

ff§§f§

’ 7S

é’e”
)

.
%3

74

Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseling (BL) level 8.1 1.15 7496  <.0001
1 Baseline 60 861 4.7 AR1 1# onder autoregressive term 0.4 0.05 9.44  <.0001
2 Loud Noise 30 83.2 5.5 DL hase2 Loud Noise vs. BL <20 195 -1.02 0.309 -0.21
3 Rest 30 837 78 DL phases Rest vs. BL =26 195 -1.33 0.183 -0.28
4 Remote Robot 30 80.6 5.7 DL jhases Remate Robot vs. BL =51 195 -2.63 0.009 *  -0.55
5  Rest 30 89.0 6.5 DLjhases  Restvs. BL 23 199 115 0.248 0.24
6 Unstructured Time 30 881 6.8 DLjhases  Unstructured Time vs. BL 24 203 1.19 0.233 0.25
7  Rest 30 88.2 44 DL jhaser Rest vs. BL 1.7 195 0.86 0.391 0.18
8  Eating Preferred Food 30  90.0 43 DL phase Eating Preferred Food vs. BL 45 196 2.29 0.022 * 0.48
9  Rest 30 874 21 DL jhaseo Restvs, BL 0.9 196 0.48 0.633 0.10
10 Difficult Task 30 876 6.9 DLjhascio  Diffcult Taskvs. BL 1.5 196 0.75 0.455 0.16
11 Rest 30 874 69 DLphaser1  Restvs.BL 20 198 102 0310 0.21
12 Unfamiliar Person 30 829 43 DLyghaser2  Unfamiiar Person vs. L -39 195 -2.00 0.046 * -0.41
13 Rest 30 877 54 DLohase1s  Restvs.BL 2.0 2.05 0.98 0.328 0.21

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =1

Rest phases =0
All phases =1
# of phases significantly less than baseline:
Stress phases =2
Rest phases =0
All phases =2
# of phases significantly different from baseline:
Stress phases =3
Rest phases =0
All phases =3
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Stress Phases Significantly Greater Than baseline

e Eating Preferred

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile

Food

Combo Cluster = Low-Stabile



Appendix 9. Participant 09

Heart Rate across Time (and Phase)
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Mean Heart Rate (bpm)
&2

1 2 3 4 5 & 7 B 9 10 1 12 13

Phase «F
Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue  Cohen'sd
L Baseline (BL) leve! 685 1.65 4144 <0001
1 Baseline 60 68.0 42 ARI 1¥ order autoregressive term 0.7 0.04 17.19  <.0001
2 Loud Noise 30 702 59 DL phasez Loud Noise vs. BL 1.2 2.5 0.46 0.644 0.09
3 Rest 30 680 6.1 DLgnsses  Restus. 8L 00 269 001 0.991 0.00
4 Remote Robot 30 676 52 DL hases Remote Robot vs. BL =29 272 -1.08 0.279 -0.22
5  Rest 30 731 7.2 DL jhases Restvs. BL 3.9 271 1.42 0.155 0.29
6  Unstructured Time 30 68.0 7.1 DL phases Unstructured Time vs. BL -0.2 27 -0.08 0.935 -0.02
7  Rest 30 780 62 DL haser Rast vs. BL 113 271 4.17 <0001 * 0.85
8  Eating Preferred Food 30 746 7.1 DL jhases Eating Preferred Food vs. BL 42 27 1.56 0.118 0.32
9  Rest 30 81.4 il DL phases Restvs. BL 143 271 529 <0001 * 1.07
10  Difficult Task 30 756 6.6 DL haseto  Diffcult Task vs. BL 63 275 227 0.023 * 0.47
11 Rest 30 746 66 DLghaserr  Restvs. BL 69 278 2.48 0013 * 051
12 Unfamiliar Person 30 758 76 DLjhaserz  Unfamiiar Person vs. BL 76 271 2.80 0.005 * 057
13 Rest 30 709 4.0 DL phasc1s  Restvs. BL 23 278 0.83 0.405 0.17

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =2
Rest phases =3
All phases =5

# of phases significantly /ess than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =2
Rest phases =3
All phases =5

Stress Phases Significantly Greater Than baseline

» Difficult Task
e  Unfamiliar Person

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Appendix 10. Participant 10

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 919 1.04 8845 <0001
1  Baseline 60 91.2 2.0 ARI1 1% order auloregressive term 0.7 0.04 1698  =<.0001
2 Loud Noise 30 90.5 24 DL phase2 Loud Moise vs. BL =27 1.60 -1.69 0.092 -0.33
3 Rest 30 89.3 1.6 DL hases Restvs. BL =32 17 -1.87 0.062 -0.38
4 Remote Robot 30 868 2.8 DLjhases  Remote Robot vs. BL 22 174 -1.29 0.197 -0.26
5 Rest 30 968 6.6 DLphases  Restvs.BL 26 176 146 0145 0.30
6  Unstructured Time 30 870 23 DL hases Unstructured Time vs. BL 44 1.85 -2.36 0.018 *  -0.50
7 Rest 30 887 29 DLghase7  Restvs. BL 32 169 -9 0.056 -0.39
8  Eating Preferred Food 30 925 29 DL hases Eating Prefemed Food vs. BL 0.7 169 0.39 0.695 0.08
9 Rest 30 892 48 DLghaseo  Restus BL 21 175 -1.17 0243 -0.24
10 Difficult Task 30 90.2 2.6 DLphase1o  Cifficult Task vs, BL 21 172 -1.20 0.230 -0.25
11 Rest 30 946 2.8 DLjbase1r  Restvs.BL 0.7 171 043  0.670 0.09
12 Unfamiliar Person 30 870 43 DLihase1z  Unfamiliar Person vs. BL 29 169  -1.70 0.089 -0.34
13 Rest 30 856 48 DLphssers  Restus.BL 65 173 373 0000 *  -0.76

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =0
Rest phases =0
All phases =0
# of phases significantly less than baseline:
Stress phases =1
Rest phases =1
All phases =2
# of phases significantly different from baseline:
Stress phases =1
Rest phases =1
All phases =2

Stress Phases Significantly Greater Than baseline

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Appendix 11. Participant 11

Heart Rate across Time (and Phase)
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 81.0 339 2392 <0001
1 Baseline 60 809 73 AR1 1% order autoregressive term 0.7 004 2129 <0001
2 Loud Noise 30 1322 231 DL hase2 Loud Noise vs. BL 441 531 8.31 <0001 * 1.64
3 Rest 30 1027 22 DLjhases  Restvs. BL 29.1 536 542 <0001 * 1.08
4 Remote Robot 30 1161 126 DLyhases  Remote Robot vs. BL 27.7 538 516 <0001 * 1.03
5  Rest 30 99.5 3.0 DLhases Restvs. BL 184 523 3.52 0.000 * 0.69
6  Unstructured Time 30 969 5.5 DL hases Unstructured Time vs. BL 185 509 3.62 0.000 * 0.70
7 Rest 30 99.0 45 DL haer Restvs. BL 163 5.08 322 0.001 * 0.62
8  Eating Preferred Food 30 1063 26 DLjhases  Eating Prefered Foodvs. BL~ 26.7  5.08 525 <0001 * 1.01
9  Rest 30 1037 6.8 DL hases Restvs. BL 17.8 510 3.50 0.001 * 0.67
10 Difficult Task 30 992 68 DLyhaseto  Difficult Task ve. BL 215 509 423 <0001 * 081
11 Rest 30 90.8 B8 DLighasetr  Restvs. BL 13.0 5.09 2.56 0.010 * 0.49
12 Unfamiliar Person 30 1035 124 DLihaser2  Unfamiior Person vs. BL 192 510 n 0.000 = 0.72
13 Rest 301001 4.7 DLjhase1s  Restvs.BL 193 528 3.65 0.000 *  0.72

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =6
Rest phases =6
All phases =12

# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =6
Rest phases =6
All phases =12

Stress Phases Significantly Greater Than baseline

Loud Noise

Remote Robot
Unstructured Time
Eating Preferred Food
Difficult Task
Unfamiliar Person

* & & & &

Cluster Classification

Level Cluster = Middle
Shape Cluster = outlier (removed)
Combo Cluster = NA
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Appendix 12. Participant 12

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
“ e
30
= b T :25
e ; & 112 T
" [ B0 105w 105105 X--w s 104 PP 108 q0¢
5 |- | 105 & . . xoowe X gg Keog
‘ 125 F I‘. 1: | E 12 ‘-
2wy \'IJ oy q]ﬂ'd'ﬁ'lil b i 50
2 | '|.1' !ff‘\Le‘ll u“‘.‘ i P bl Iﬂ_k ‘ g &
s‘“|t'wm - R TI R M g
o LR M-’”Ilv
° | 7o
I | 85
H [ M
A i ! ffé’*fﬁ&a@qf“fq-*g?wﬁjf
] | | &
s . s : ~ & & & F
| | o &
1 2 3 4 5 6 7 8 £ 10 1 12 13 j é* Qe
Phase <
Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue  Cohen'sd
L Baseline (BL) level 1049 1.28 8L72  <.0001
1  Baseline 60 1050 52 ARI 1% order autoregrassive tarm 0.5 0.04 1085 <0001
2 Loud Noise 30 1087 67 DLnasez  Lovd Noisevs BL 28 214 131 0.190 0.27
3  Rest 30 1054 7.1 DLjhases Restvs. BL 1.1 218 0.50 0.618 0.10
4 Remote Robot 30 1123 6.0 DLyjnases  Remote Robolve. BL 72 217 330 0001 * 068
5 Rest 30 1051 52 DLjnsses  Restvs.BL 1.7 218 0.77 0.442 0.16
6  Unstructured Time 30 1104 58 DLghases Unstructured Time vs. BL 50 219 2.26 0.024 * 0.47
7 Rest 30 1094 4.1 DLphaser Restvs. BL 41 221 1.84 0.066 0.38
8  Eating Preferred Food 30 1035 6.7 DL jtases Ealing Frefered Foodvs. BL -1.8 2,17 -0.83 0.407 -0.17
9 Rest 30 1040 7.8 DLghases  Restvs. BL 05 218 0.25 0.803 0.05
10 Difficult Task 30 1062 2.8 DLjtascio  Diffcut Task vs. BL 0.6 219 0.28 0.780 0.06
11 Rest 30 994 71 DLghasetn  Restvs.BL 58 217 265 0.008 * -0.55
12 Unfamiliar Person 30 1058 4.5 DLghaseiz  Unfamiliar Person vs. BL 04 217 0.18 0.857 0.04
13 Rest 30 1037 6.6 DLphase1s  Restvs.BL -0 219 045 0.654 -0.09

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =2
Rest phases =0
All phases =2

# of phases significantly less than baseline:

Stress phases =0
Rest phases =1
All phases =1

# of phases significantly different from baseline:

Stress phases =2
Rest phases =1
All phases =3

Stress Phases Significantly Greater Than baseline

¢ Remote Robot
e Unstructured Time

Cluster Classification

Level Cluster = Middle
Shape Cluster = Labile
Combo Cluster = Middle-Labile
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Appendix 13. Participant 13

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results

Phase N M SD Parameter Estimate SE fvalue pvalue  Cohen'sd

L Baseling (3L) level 1154 217 5310 =<.0001

1 Baseline 60 1154 8.6 AR1 1¥ onder auloregressive ferm 0.7 0.04 21,15 <.0001
2 Loud Noise 30 1238 6.8 DLyjhasez  Loud Noise vs. BL 49 3.10 157 0116 0.29
3  Rest 30 1131 54 DL jhases Restvs. BL 23 339 0.69 0.492 0.14
4  Remote Robot 30 1197 6.3 DLphases Remote Robot vs. BL 49 343 1.43 0.153 0.28
5 Rest 30 1204 5.6 DLjnaes  Restys.BL 3.0 344 086 0388 0.17
6  Unstructured Time 30 1289 53 DLyhases  Unstructured Time vs. BL 129 344 3.76 0.000 = 0.75
7 Rest 30 1194 39 DLyhaser  Restys.BL 51 344 148 0138 0.29
8  Eating Preferred Food 30  130.4 53 DLjhases Eating Preferred Food vs. BL 119 344 3.46 0.001 * 0.69
9  Rest 30 1275 T DLyhases  Restvs. BL 122 344 354 0000 *  0.70
10 Difficult Task 30 1190 6.1 DLjnascio  Diffcult Task vs. BL 7.1 346 2.06 0.039 * 0.41
Il Rest 30 1132 72 DLghase1r  Restvs.BL -1.0 345 -0.29 0.770 -0.06
12 Unfamiliar Person 30 1220 6.4 DLjhase1z  Unfamiliar Person vs. BL 6.5 345 1.89 0.059 0.38
13 Rest 30 1175 76 DLphase1s  Restvs. BL 217 362 -0.47 0.639 -0.10

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =3
Rest phases =1
All phases =4

# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline
Stress phases =3
Rest phases =1
All phases =4
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Stress Phases Significantly Greater Than baseline

* Unstructured Time
¢ Eating Preferred Food
e Difficult Task

Cluster Classification

Level Cluster = High
Shape Cluster = Labile
Combo Cluster = High-Labile



Appendix 14. Participant 14

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue  Cohen'sd
L Baseline (BL) level 1332 177 7525 <0001
1 Baseline 60 131.8 2.7 ARI1 1 order auloregressive term 0.9 0.03 3045 <.0001
2 Loud Noise 30 1341 9.0 DL hase2 Loud Noise vs. BL 48 225 2.15 0.031 * 0.37
3  Rest 30 1308 1.4 DL jhases Restvs. BL -5.6 237 -2.36 0.018 * -0.42
4 Remote Robot 30 1300 1.8 DLphases  Remots Robetvs. BL 0.9 245  -036 0.719 -0.07
5  Rest 30 1300 2.0 DL ghases Restvs. BL 0.5 2351 0.21 0.837 0.04
6  Unstructured Time 30 1333 6.9 DL jhases Unstructured Time vs. BL -1.1 2,58 -0.42 0.675 -0.08
7  Rest 30 1321 21 DLphase7  Restvs.BL 3.0 264 -114 0.253 -0.22
8  Eating Preferred Food 30 1399 1.5 DLhases Eating Preferred Food vs. BL 5.8 257 226 0024 * 0.42
9 Rest 30 1311 42 DL jhases Restvs. BL -2.5 254 -0.97 0.331 -0.18
10 Difficult Task 30 1369 17 DLjhsseto  Diffcult Taskvs. BL 29 2356 113 0.260 0.21
11 Rest 30 1322 24 DLjhaserr  Restvs. BL 28 257 -L10 0.272 -0.21
12 Unfamiliar Person 30 1294 33 DLhaser2  Unfamiliar Person vs. BL -59 259 228 0023 *  -043
13 Rest 301305 21 DLjhasers  Restus BL 25 271 -0.93 0.350 -0.18
Summary of Significant Time Series Results Stress Phases Significantly Greater Than baseline
# of phases significantly greater than baseline: e Loud Noise
Stress phases =2 e Eating Preferred Food
Rest phases =0
All phases =2
# of phases significantly less than baseline:
Stress phases =1
Rest phases =1
All phases =2 Cluster Classification
# of phases significantly different from baseline: Level Cluster = High
Stress phases =3 Shape Cluster = Stabile
Rest phases =1 Combo Cluster = High-Stabile
All phases =4
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Appendix 15. Participant 15

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE  tvalue pvalue  Cohen'sd
L Basetine (BL) level 97.1 0.74 130.82 <0001
1 Baseline 60 972 26 ARI1 1# order autoregressive term 0.5 0.04 11.84 <0001
2 Loud Noise 30 1003 21 DLgnasez  Loud Moise vs. BL 32 122 2.60 0.009 * 053
3 Rest 30 978 20 DLynases  Restus.BL 03 125 020  0.840 0.04
4 Remote Robot 30 991 24 DL jhases Remote Robot ve. BL 27 126 2.14 0.032 * 0.44
5 Rest 30 98.7 32 DL hases Rest vs, BL 1.1 125 0.89 0.371 0.18
6  Unstructured Time 30 99.8 4.1 DL jhases Unstructured Time vs. BL 3.0 125 2.40 0.017 = 0.50
7  Rest 30 1025 38 DL phaser Rest vs. BL 51 125 410  =0001 * 0.85
8  Eating Preferred Food 30 1095 4.1 DL jhases Eating Preferred Food vs. BL 132 126 1047 <0001 * 2.17
9  Rest 30 1056 48 DL jhases Restvs, BL 79 126 632 <0001 * 1.31
10  Difficult Task 3001021 40 DLjhaseio  Difficult Task vs. BL 52 125 412 <0001 * 085
11 Rest 30 1007 3.2 DLjtasen  Restve.BL 31 1.26 2.45 0.014 * 0.51
12 Unfamiliar Person 30 1019 24 DLjhase12  Unfamiliar Person vs. BL 52 126 409 <0001 * 0.85
13 Rest 30 1029 3.2 DL tase1s  Restvs.BL 64 127 508 <0001 * 1.06
Summary of Significant Time Series Results Stress Phases Significantly Greater Than baseline
# of phases significantly greater than baseline: e Loud Noise
Stress phases =6 e Remote Robot
Rest phases =4 s Unstructured Time
All phases =10 e Eating Preferred Food
# of phases significantly less than baseline: » Difficult Task
Stress phases =0 e Unfamiliar Person
Rest phases =0
All phases =0 .
# of phases significantly different from baseline: Cluster Classification
Stress phases =6 Level Cluster = Middle
Rest phases =4 Shape Cluster = Stabile
All phases =10 Combo Cluster = Middle-Stabile
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Appendix 16. Participant 16

Heart Rate across Time (and Phase)

2-second Average Heart Rate (bpm)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results

Phase N M 8D Parameter Estimate SE  tvalue pvalue  Cohen'sd

L Baseline (BL) level 119.1 223 5343 <0001

1 Baseline 60 1181 73 ARI 1# order auloregressive ferm 0.7 0.04 2085 <0001

2 Loud Noise 30 1090 33 DLjhascz  Loud Noise vs. BL -104 357 -290 0.004 * -0.58
3 Rest 30 1104 64 DLpnases  Restvs. BL -10.6 344 307 0.002 *  -0.60
4 Remote Robot 30 1100 43 DLghsses  Remote Robatvs. BL -59 344 -1.73 0.084 -0.34
5 Rest 30 1194 105 DLjhases  Rests.BL 04 357 010 0920 0.02
6  Unstructured Time 30 1087 4.9 DLjhases  Unsiructured Time vs. BL -9.7 369 -2.62 0.009 * 054
7 Rest 30 1134 39 DLghase7  Restvs.BL 215 347 217 0.030 * -043
8 Eating Prefered Food 30 1222 4.2 DLhases  Eating Preferred Food vs. BL 0.0 347 0.00 0.996 0.00
9  Rest 30 1182 73 DLphases  Restvs.BL 27 3.4 0.78 0.436 0.15
10 Difficult Task 300 1167 3l DLphaseto  Diffcult Taskvs. BL -0.5 344 -0.16 0.876 -0.03
11 Rest 30 1133 38 DLghasetn  Restvs. BL -9.3 358 -2.60 0.009 * -0.52
12 Unfamiliar Person 30 1082 41 DLjhaserz  Unfamiliar Person vs. BL -94 353 -265 0.008 * -0.53
13 Rest 301211 117 DLphacets  Restvs. BL 32 3.58 0.91 0.365 0.18

Summary of Significant Time Series Results

# of phases significantly greater than baseline:

Stress phases =0
Rest phases =0
All phases =0

# of phases significantly less than baseline:

Stress phases =3

Rest phases =3
All phases =6 Cluster Classification

# of phases significantly different from baseline: Level Cluster = High
Stress phases =3 Shape Cluster = Stabile
Restphases =3 Combo Cluster = High-Stabile
All phases =6
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Stress Phases Significantly Greater Than baseline



Appendix 17. Participant 17

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE tvalue pvalue Cohen'sd
L Baseline (BL) level 985 0.97 10156 <0001
1 Baseline 60 98.6 3.7 AR1 1# arder autoregressive term 0.5 0.04 1192 =<.0001
2 Loud Noise 30 958 14 DLghasez  Loud Noise vs. BL <26 159 -1.61 0.108 -0.33
3 Rest 30 973 33 DLjnaees  Restvs.BL 08 163 -0.48  0.633 -0.10
4  Remote Robot 30 97.2 8.3 DL taces Remote Robot vs. BL -1.7 167 -1.03 0.304 -0.21
5 Rest 30 987 32 DLptases  Restvs. 8L -0.8 1.65  -0.51 0.608 -0.11
6  Unstructured Time 30 953 4.1 DL jbaces Unstructured Time vs, BL 3.1 164 -1.91 0.056 -0.40
7 Rest 30 980 49 DLjtase7  Restvs.BL -0.2  1.63  -0.13 0.895 -0.03
8  Eating Preferred Food 30 99.4 4.1 DLjnaces Eafing Preferred Food vs. BL 1.8 1.64 1.10 0.270 0.23
9  Rest 30 984 54 DLhases Restvs, BL 0.5 163 -0.31 0.759 -0.06
10 Difficult Task 30 95.9 2.5 DLjtaseio  Diffcult Task vs. BL =23 164 -1.43 0.151 -0.30
11 Rest 30 966 34 DLjnaserr  Restve.BL 224 164 147 0.141 -0.30
12 Unfamiliar Person 30 969 28 DLjnase1z  Unfamiliar Person vs. BL 2.8 169  -1.67 0.096 -0.35
13 Rest 30 958 45  DLpses  RestusBl 23 165 -141 0158 -0.29
Summary of Significant Time Series Results Stress Phases Significantly Greater Than baseline
# of phases significantly greater than baseline:
Stress phases =10
Rest phases =0
All phases =0
# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0 Cluster Classification
#of phages mgn]l]ﬁcant]y f%ferem from baseline: Level Cluster = Middle
R”“Sg ases: = 3 Shape Cluster = Stabile
est phases - Combo Cluster = Middle-Stabile
All phases =0
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Appendix 18. Participant 18

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue  Cohen'sd
L Baseline (BL) level 974 139 70,07 <.0001
1 Baseline 60 969 3.2 AR1 14 oeder autoregressive tem 0.6 004 1517 <0001
2 Loud Noise 30 1073 42 DL jhasez Lowd Noise vs, BL 86 219 394 <0001 * 0.78
3 Rest 30 974 3.7 DLjhases  Restvs.BL 03 227 -0.15  0.884 -0.03
4 Remote Robot 30 1019 6.6 DLjhases  Remote Robot vs. BL 41 228 .78 0.074 0.36
5 Rest 30 973 5.6 DLjhases  Restvs.BL 203 228  -0.12 0908 -0.02
6 Unstructured Time 30 1005 5.9 DLyphases  Unstructured Time vs, BL 25 228 1.11 0.266 0.23
7 Rest 30 969 69 DLjhaser  Restvs.BL 14 228 060  0.548 0.12
8  Eating Preferred Food 30 1050 5.7 DLjnacs  Eaing Prefemed Food vs. EL 49 230 212 0034 * 043
9 Rest 30 986 69 DLphases  Restvs.BL 21 228 090 0366 0.18
10 Difficult Task 30 1052 47 DLghaseto  Diffcult Taskvs. BL 7.5 228 331 0001 * 067
11 Rest 30 9%.1 65 DLghasetn  Restvs.BL -0.1 233 -0.05 0.958 -0.01
12 Unfamiliar Person 30 918 3.7 DLphae1z  Unfamiliar Person vs. BL -55 231 237 0018 ¢ -0.49
13 Rest 30 916 49 DLgnace1s  Restvs. BL 54232 231 0.021 *  -047

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =3
Rest phases =0
All phases =3

# of phases significantly less than baseline:
Stress phases =1
Rest phases =1
All phases =2

# of phases significantly different from baseline:

Stress phases =4
Rest phases =1
All phases =5

Stress Phases Significantly Greater Than baseline

* Loud Noise
* Eating Preferred Food
¢ Difficult Task

Cluster Classification

Level Cluster = Middle
Shape Cluster = Labile
Combo Cluster = Middle-Labile
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Appendix 19. Participant 19

Heart Rate across Time (and Phase)
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Mean Heart Rate (bpm)

Mean Heart Rate by Phase

Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
i Baseiine (BL) level 90.9 1.50 6049 <0001

1 Baseline 60 91.0 46 ARI 1# order autoregressive term 0.8 0.03 2416 <0001
2 Loud Noise 30 922 23 DLphascz  Loud Noise vs. BL 14 200 0.7 0.476 0.13
3 Rest 30 964 2.1 DLghases Restvs, BL 4.0 232 1.75 0.081 0.34
4  Remote Robot 30 949 5.0 DL ghases Remote Robot vs. BL 3.7 236 1.59 0.113 0.31
5  Rest 30 84.5 1.9 DL taces Restvs. BL -3.7 233 -1.59 0.111 -0.31
6  Unstructured Time 30 896 29 DLjhases  Unstructured Time ve. BL -5 231 -0.66 0.507 -0.13
7 Rest 30 986 63 DLjtacer  Restvs.BL 44 232 1.91 0.056 0.37
8  Eating Preferred Food 30 919 47 DL hases Eafing Prefered Food vs. BL 20 231 0.85 0.396 0.17
9  Rest 30 1012 36 DLjhases  Restus.BL 103 232 444 <0001 * 0.87
10 Difficult Task 30 93.1 5.5 DLpnssero  Difficuit Task vs. BL 57 233 243 0.015 * 0.48
11 Rest 30 989 49 DLphasenn  Restvs.BL 4.1 232 1.77 0.077 0.35
12 Unfamiliar Person 30 941 16 DLitasciz  Uniamiliar Person vs. BL 52 233 2.21 0.027 * 043
13 Rest 30 95.3 1.3 DLpnssers  Restvs.BL 5.0 245 2.05 0.041 * 0.41
Summary of Significant Time Series Results Stress Phases Significantly Greater T baseline
# of phases significantly greater than baseline: « Difficult Task

Stress phases =2 e Unfamiliar Person

Rest phases =2

All phases =4
# of phases significantly less than baseline:

Stress phases =0

Rest phases =0

All phases =0 Cluster Classification
# of phases significantly different from baseline: Level Cluster = Middle

Stress phases =2 Shape Cluster = Stabile

Rest phases =2 Combo Cluster = Middle-Stabile

All phases =4
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Appendix 20. Participant 20

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Bassline (BL) lavel 1057 1.76  60.06  <.0001
1  Baseline 60 1056 9.2 AR1 1* order autoregressive term 05 0.05 1025 <.0001
2 Loud Noise 30 10901 76 DLgtasez  Loud Noisa vs. BL 44 299 146  0.145 0.30
3 Rest 30 1050 99 DLppases  Restus.BL A3 295 -043  0.668 -0.09
4 Remote Robot 30 9.6 58 DLjnsses  Remote Robot vs. BL -85 294  -2.89 0.004 *  -0.59
5 Rest 30 1013 7.1 DL hases Restvs. BL -39 293 -1.33 0.182 -0.27
6 Unstructured Time 30 1326 8.0 DLphases Unstructured Time ve. BL 255 4.07 6.25 <0001 * 1.52
7 Rest 30 1190 83 DLphsser  Restys.BL 138 296 465 <0001 * 0.9
8§  Eating Preferred Food 30 110.6 6.5 DL taces Eaing Preferred Food vs. BL 53 293 1.79 0.073 0.37
9 Rest 30 1148 83 DLyhases  Restvs. BL 96 293 328 0001 * 067
10 Difficult Task 30 1067 6.0 DLpnasero  Diffcult Task vs. BL 0.5 294 -0.18 0.860 -0.04
11 Rest 30 1112 89 DLytasern  Restvs.BL 60 293 204 0042 * 042
12 Unfamiliar Person 30 1036 7.8 DLjhaseiz  Unfamiliar Person vs. BL 226 293 -0.88 0.377 -0.18
13 Rest 30 1047 9.0 DLihacers  Restvs.BL 05 295 -0.16  0.870 -0.03

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =1
Rest phases =3
All phases =4

# of phases significantly less than baseline:
Stress phases =1
Rest phases =0
All phases =1

# of phases significantly different from baseline:

Stress phases =2
Rest phases =3
All phases =5
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Stress Phases Significantly Greater Than baseline

e Unstructured Time

Cluster Classification

Level Cluster = Middle
Shape Cluster = Labile

Combo Cluster = Middle-Labile



Appendix 21. Participant 21

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 79.7 150 5313 <.0001
1 Baseline 60 793 65 AR1 1# order autoregressive term 0.5 004 1141 <0001
2 Loud Noise 30 747 68 DLjhasez  Loud Noise vs. BL -54 248 -216  0.031 -0.44
3 Rest 30 776 87 DLjhases  Restvs. BL 2.6 254 -1.02 0.309 -0.21
4 Remote Robot 30 771 47 DLghases  Remote Robotvs. BL -1.5 254 -060 0551 -0.12
5 Rest 30 800 81 DLyhases  Restvs. BL 01 254 0.04 0.970 0.01
6  Unstructured Time 30 859 72 DLjhascs  Unstructured Time vs. BL 69 2.54 270 0.007 0.56
7 Rest 30 812 75 DLphsser  Restvs.BL 13 2.54 0.51 0.613 0.10
8  Eating Preferred Food 30 959 3.5 DLjnises  EstingPrefemed Foodvs. BL 15.0 2,54 592 <0001 1.22
9 Rest 30 891 65 DLiniscs  Restvs.BL 89 254 3.52 0.000 0.73
10  Difficult Task 30 929 46 DLphasero  Difficult Task vs. BL 133 254 524 <0001 1.08
11 Rest 30 940 67 DLphssern  Restvs. BL 159 254 626  <.0001 1.29
12 Unfamiliar Person 30 860 86 DLhase12  Unfamiliar Person vs. BL 58 254 2.30 0.022 0.47
13 Rest 30 800 74 DLphaseis  Restvs. BL 04 256 -0.16 0873 -0.03

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =4
Rest phases =2
All phases =6

# of phases significantly less than baseline:
Stress phases =1
Rest phases =0
All phases =1

# of phases significantly different from baseline:

Stress phases =35
Rest phases =2
All phases =7

Stress Phases Significant

e  Unstructured Time

* Eating Preferred Food

* Difficult Task

* Unfamiliar Person
Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Greater Than baseline



Appendix 22. Participant 22

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 96.4 2.68 3589  <.0001
1 Baseline 60 958 109 AR1 1% order autoregressive term 06 004 1558 <0001
2 Loud Noise 30 1115 101 DLjhases  Loud Noise vs. BL 106 4.28 248 0013 * 049
3 Rest 30 957 108 DLjtases  Restvs. BL -0.5 442 -0.12 0.906 -0.02
4 Remote Robot 30 853 95 DLghases  Remols Robot vs. BL -114 444 2256 0010 *  -0.52
5 Rest 30 1009 89 DLgpases  Restvs. BL 82 446 1.85  0.065 0.38
6  Unstructured Time 30 1106 128 DLghases  Unstructured Time vs. BL 115 445 259 0010 * 053
7 Rest 30 881 110 DLynaser  Restvs BL -6.3 444 -142 0.156 -0.29
8 Eating Preferred Food 30 952 73 DLjhases  EmingPrefered Foodvs. 8L -2.4 447 -0.53  0.593 -0.11
9  Rest 30 963 99 DLjhases  Restvs.BL 0.9 444  -021 0.833 -0.04
10  Difficult Task 30 839 84 DLjhasero  Dificult Task vs. BL 95 444 214 0033 * 044
11 Rest 30 1039 120 DLphasern  Restvs.BL 7.5 444 170 0.09 0.35
12 Unfamiliar Person 30 985 104 DLjhaserz  Unfamiliar Person vs. 8L 33 444 075 0453 0.15
13 Rest 301032 9.1 DL hasers  Restvs.BL 55 453 1.22 0.221 0.25

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =2
Rest phases =0
All phases =2
# of phases significantly less than baseline:
Stress phases =2
Rest phases =0
All phases =2
# of phases significantly different from baseline:
Stress phases =4
Rest phases =0
All phases =4

Stress Phases Significantly Greater Than baseline

¢ Loud Noise
®  Unstructured Time
Cluster Classification

Level Cluster = Middle
Shape Cluster = outlier (removed)
Combo Cluster = NA
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Appendix 23. Participant 23

Heart Rate across Time (and Phase)

Mean Heart Rate (bpm)
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Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 1206 1.07 11227  <.0001

| Baseline 60 1207 64 ARI1 14 order autoregressive tem 05 004 1096 <0001
2 Loud Noise 30 119.0 6.8 DL tasez Loud Moise vs. BL 1.7 1L.79 -0.96 0.335 -0.20
3 Rest 30 1251 4.1 DLjtases  Restvs.BL 4.8 1.80 2.66 0.008 * 0.55
4  Remote Robot 30 1206 55 DL phases Remote Robot vs. BL 0.1 185 0.08 0.937 0.02
5 Rest 30 1188 19 DL hases Restvs. BL <20 187 -1.07 0.285 -0.22
6 Unstructured Time 30 1207 55 DL ghases Unstructured Time vs. BL 03 182 0.17 0.863 0.04
7  Rest 30 1221 Tl DLphaser Restvs. BL 1.3 183 0.70 0.487 0.14
8  Eating Preferred Food 30 1233 4.3 DL pnases Eating Preferred Food vs. BL 22 182 1.22 0.223 0.25
9  Rest 30 1225 39 DL jhases Restvs. BL 1.8 1.82 0.98 0.328 0.20
10 Difficult Task 30 1167 36 DLjhasero  Dificult Task vs. 8L 2.8 1.83 -1.53 0.125 -0.32
11 Rest 30 1180 3.9 DLphase1r  Restvs.BL 225 183 -1.38 0.166 -0.29
12 Unfamiliar Person 30 1197 3.9 DLjtasciz  Unfamiliar Person vs. BL -1.8 1.82  -1.00 0.317 -0.21
13 Rest 30 1143 34 DLyhssers  Restvs.BL -6.4  1.84 -3.50 0.001 * -0.73
Summary of Significant Time Series Results Stress Phases Significantly Greater Than baseline
# of phases significantly greater than baseline:

Stress phases =0

Rest phases =1

All phases =1
# of phases significantly less than baseline:

Stress phases =0

Rest phases =1

All phases =1 Cluster Classification
# of phases significantly different from baseline: Level Cluster = High

Stress phases =0 Shape Cluster = Labile

Restphases =2 Combo Cluster = High-Labile

All phases =2

86



Appendix 24. Participant 24

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 948 103 91.74 <0001
1 Baseline 60 95.1 2.5 AR1 1# order auloregressive term 04 005 9.51 <.0001
2 Loud Noise 30 925 30 DL ghase Lowd Neise vs. BL 23 173 -1.33 0.184 -0.27
3 Rest 30 9Ll 35 DLghases  Restvs. 6L 35 176 -199 0046 *  -041
4 Remote Robot 30 10L7 103 DL jhases Remote Robot vs. BL 71177 3.99 <0001 * 0.83
5 Rest 30 96.1 31 DL jhases Restvs. BL 14 176 0.78 0.436 0.16
6 Unstructured Time 30 949 20 DLyhases Unstructured Time vs. BL 0.1 175 0.07 0.941 0.02
7  Rest 30 936 438 DL jhaser Restvs. BL 0.5 1.76 -0.30 0.761 -0.06
8  Eating Preferred Food 30 108.5 3.6 DL ases Eating Preferred Food vs. BL 124 176 7.04 <0001 * 1.46
9  Rest 30 100.1 8.5 DL phases Restvs. BL 59 176 3.38 0.001 * 0.70
10 Difficult Task 30 1024 58 DLphaseto  Dificult Task vs. BL 79 1.76 449 <0001 * 0.93
11 Rest 30 1038 59 DLphasen Restvs. BL 92 175 527 <0001 * 1.09
12 Unfamiliar Person 30 956 51 DLjhasciz Unfamiliar Persen vs, BL 08 175 0.45 0.656 0.09
13 Rest 30 95.5 2.5 DLhase1s  Restvs. BL 04 177 0.24 0.813 0.05
Summary of Significant Time Series Results Stress Phases Significantly Greater Than baseline
# of phases significantly greater than baseline: * Remote Robot
Stress phases =3 e Eating Preferred Food
Rest phases =2 e Difficult Task
All phases =35

# of phases significantly less than baseline:
Stress phases =0

Rest phases =1
All phases =1
# of phases significantly different from baseline: Cluster Classification
Stress phases =3 Level Cluster = Middle
Rest phases =3 Shape Cluster = Stabile
All phases =6 Combo Cluster = Middle-Stabile
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Appendix 25. Participant 25

Heart Rate across Time (and Phase)

2-second Average Heart Rate (bpm)
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Mean Heart Rate by Phase

Mean Heart Rate (bpm)
e

Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M 8D Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 857 122 7005 <0001
1 Baseline 60 858 5.1 ARI1 1% onder auloregressive lem 0.5 005 1043 <0001
2 Loud Noise 30 850 5.1 DLphasez  Loud Noise vs. BL 04 204 -0.18 0.856 -0.04
3 Rest 30 869 7.0 DLphases  Restvs.BL 1.8 208 085 039 0.18
4 Remote Robot 30 850 34 DLphases  Remote Robotvs. 8L -1.1 208  -0.55  0.585 -0.11
5  Rest 30 881 6.1 DLphases  Restvs.BL 20 209 094 0348 0.20
6  Unstructured Time 30 841 53 DLphases  Unstructured Time vs. BL 03 2.09 0.13 0.896 0.03
7 Rest 30 925 116 DLjhaser  Restvs.BL 55 208 262  0.009 0.54
8 Eating Preferred Food 30 839 4.8 DLphases  Eating Prfemed Foodvs.BL =27 2.08  -1.29  0.196 -0.27
9  Rest 30 977 47 DLphsses  Restvs.BL 120 2.08 578 <0001 1.20
10 Difficult Task 30 885 5.0 DLphaseto  Difficult Taskvs. BL 3.4 208 162 0.106 0.34
11 Rest 30 896 47 DLphasern  Restvs. 5L 44 210 210 0036 0.44
12 Unfamiliar Person 30 870 40 DLphaselz Unfamiliar Person vs. BL 1.1 209 052 0602 0.11
13 Rest 30 861 4.1 DLphgsers  Restus.BL 02 2.09 0.10 0.920 0.02

Summary of Significant Time Series Results
# of phases significantly greater than baseline:
Stress phases =0
Rest phases =3
All phases =3
# of phases significantly /ess than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =0
Rest phases =3
All phases =3

Stress Phases Significantly Greater Than baseline

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Appendix 26. Participant 26

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
s s [ 1%
155 | | = :;‘;
T | [ £
i- | | £
125 |
H ! g
" E 1 Ehl a1
P . ? _ S N - 84
E“‘ . | le \1 | 1 2 % v s*n s T TS NS
™ | | I | L’rJ M | hn' pl | 75 * R
= il | i H‘Fl |ii',| U .\!,ul M I|_r 7
NIRRT
H.I"r‘ﬁ,#,‘ \*H,{,tf-wi M| i, FEEF LI IS
& | [ | & &
. S & & §§ §
& f
T 2 3 &4 S5 & 7 8 % 110 1 12 13 Q;&
Phase &
Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue Cohen'sd
L Bassiine (BL) level 768 139 5537 <0001
1 Baseline 60 768 5.1 AR1 1# order autoregressive tem 04 005 900 <0001
2 Loud Noise 30 797 102 DLphasez  Loud Noise vs. BL 25 232 1.09 0.278 0.22
3 Rest 30 747 58 DLphases  Restvs.BL -21 234 -088 0378 -0.18
4 Remote Robot 30 768 6.1 DLjhsses  Remote Robotvs. BL 09 235 036 0716 0.08
5 Rest 30 767 47 DLjhases  Restvs.BL 06 237 -0.26 0.792 -0.05
6  Unstructured Time 30 914 79 DL phases Unstructured Time vs. BL 154 234 6.59 <0001 * 1.36
7 Rest 30 802 63 DLphase7  Restvs BL 31 234 1.32 0.187 0.27
8 Eating Preferred Food 30 914 36 DLjhases  EatingPrefemed Foodvs. BL 141 234 6.01 <0001 *  1.24
9  Rest 30 893 8.0 DLphases  Restws.BL 134 234 573 <0001 1.18
10 Difficult Task 30 892 65 DLghaseto  Dificult Task vs. BL 125 234 535 <0001 1.11
11 Rest 30 855 73 DLjhase1n  Restvs. BL 80 235 342 0001 0.71
12 Unfamiliar Person 30 874 75 DLghaserz  Unfamiliar Person vs, BL 109 234 463 <0001 0.96
13 Rest 30 873 87 DLphgsers  Restvs BL 105 236 445 <0001 0.92

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =4
Rest phases =3
All phases =7

# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baselin
Stress phases =4
Rest phases =3
All phases =7

Stress Phases Significantly Greater Than baseline

e Unstructured Time

+ Eating Preferred Food

o Difficult Task

e Unfamiliar Person
Cluster Classification

el

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Appendix 27. Participant 27

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 835 1.52 55.05  <.0001
1 Baseline 60 835 4.0 ARI 1# arder autoregressive term 0.4  0.05 892 <0001
2 Loud Noise 30 86.5 5.6 DLjtacez Loud Noise vs. BL 3.1 255 1.23 0.218 0.25
3 Rest 30 915 33 DLghsses  Restus. BL 7.7 265 29  0.004 0.61
4 Remote Robot 30 856 8.0 DLghases Remote Robot vs. BL 1.6 2.67 0.59 0.553 0.13
5  Rest 30 77.2 8.9 DL hases Restvs. BL -5.5 268 -2.05 0.040 -0.44
6  Unstructured Time 30 844 838 DLjhases Unstructured Time ve. BL 1.4 258 0.53 0.594 0.11
7  Rest 30 907 124 DLphaser  Restvs.L 62 263 2.35 0.019 0.49
8  Eating Preferred Food 30 882 102 DLjtases Eafing Preferred Food vs. BL 48 260 1.85 0.065 0.38
9  Rest 30 905 102 DLjtases Rest vs. BL 6.6 2.58 2.55 0.011 0.53
10 Difficult Task 30 876 6.9 DLgnaseto  Difficult Task vs. BL 3.5 259 1.36 0.172 0.28
11 Rest 30 79.6 1.9 DLghasen Restvs. BL =32 2.84 -1.14 0.255 -0.25
12 Unfamiliar Person 30 795 3.7 DLjtasciz  Unfamiliar Person vs. BL 36 267 -1.34 0.180 -0.28
13 Rest 30 831 78 DLphasc1s  Restvs.BL -0 2,60  -038 0.701 -0.08

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases
Rest phases
All phases

=0
=3
=3

# of phases significantly less than baseline:

Stress phases
Rest phases
All phases

=0
=1
=i

Stress Phases Significantly Greater Than baseline

Cluster Classification

# of phases significantly different from baseline:

Stress phases =0
Rest phases =4
All phases =4

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile

90



Appendix 28. Participant 28

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Coken'sd
L Baseline (BL) level 888 095 9343 <0001
1  Baseline 60 888 95 ARI1 1# order autoregressive term 0.1 005  -1.20 0.230
2 Loud Noise 30 858 82 DLphssez  Lowd Noise vs. BL 3.0 165 <183 0.067 -0.38
3  Rest 30 854 106 DL jhases Restvs. BL -3.3  1.65 -2.00 0.045 -0.42
4 Remote Robot 30 1030 59 DLphsses  Remote Robot vs. BL 143 165 868 <0001 1.82
5 Rest 30 898 78 DLphases  Restvs.BL 1.0 1.65  0.63 0.530 0.13
6  Unstructured Time 30 883 79 DLjhases  Unstructured Time vs. BL 0.5 165 -0.30 0.765 -0.06
7 Rest 30 852 7.8 DLphaser  Restvs.BL 3.6 165 <217 0.030 -0.45
8  Eating Preferred Food 30 98.1 59 DL hases Ealing Preferred Food vs. BL 93 171 545 <.0001 1.17
9 Rest 30 86 79 DLphases  Restvs. BL 09 167 052  0.603 0.11
10 Difficult Task 30 1007 3.0 DLphasero  Difficult Task vs. BL 120 1.71 6.98  <.0001 1.50
11 Rest 30 951 52 DLghasenn  Restvs.BL 63 165 3.86 0.000 0.81
12 Unfamiliar Person 30 854 717 DLjhasc1z  Unfamiliar Person vs. EL 234 165 -2.06 0.039 -0.43
13 Rest 30 806 86 DLphase1s  Restvs. BL 82 1.65  -496 <0001 -1.04

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =3
Rest phases =1
All phases =4

# of phases significantly less than baseline:
Stress phases =1
Rest phases =3
All phases =4

# of phases significantly different from baseline:

Stress phases =4
Rest phases =4
All phases =8
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Stress Phases Significant|
* Remote Robot

Greater Than baseline

s Eating Preferred Food

e Difficult Task

Cluster Classification

Level Cluster = Low
Shape Cluster = Labile

Combo Cluster = Low-Labile



Appendix 29. Participant 29

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results

Phase N M SD Parameter Estimate SE  tvalue pvalue  Cohen'sd

L Basaline (BL) level 86.5 133 6506 <0001

1  Baseline 60 86.3 7.5 ARI1 1% order autoregressive term 03 005 6.05 =.0001
2 Loud Noise 30 96.6 13.0 DL phase2 Loud Moise vs. BL 103 227 4.52 <0001 * 0.94
3 Rest 30 838 62 DLptases  Restvs.BL 2310229 -1.36 0.174 -0.28
4 Remote Robot 30 895 48 DLghsses  Remots Robot vs. BL 29 229 127 0.205 0.26
5 Rest 30 82.1 6.7 DL phases Restvs. BL -4.5 230 -1.97 0.049 * -0.41
6  Unstructured Time 30 87.8 7.3 DL hases Unstructured Time vs, BL 1.6 233 0.68 0.495 0.14
7 Rest 30 824 68 DLphsser  Restvs.BL -3.5 0 230 -1.54 0.123 -0.32
8  Eating Preferred Food 30 105.8 9.8 DL hases Eafing Preferred Food vs. BL 19.1  2.30 830 <0001 * 1.74
9  Rest 30 98.4 103 DL hases Rest vs. BL 11.9 230 520 <0001 * 1.09
10  Difficult Task 30 883 38 DLphaseto  Difficult Task vs. BL 2.1 230 0.90 0.367 0.19
11 Rest 30 82.7 54 DL jhase1 Rest ve. BL -3.9 238 -1.62 0.105 -0.35
12 Unfamiliar Person 30 81.2 5.8 DLhase12  Unfamiiar Person vs. BL -5.0 238 -2.11 0.035 * -0.45
13 Rest 30 86.2 6.1 DLohasers  Restvs.BL 0.2 236 -0.10 0.921 -0.02

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =2
Rest phases =1
All phases =3

# of phases significantly less than baseline:
Stress phases =1

Rest phases =1
All phases =2
# of phases significantly different from baselin
Stress phases =3
Rest phases =2
All phases =5

€l

Stress Phases Significantly Greater Than baseline

* Loud Noise

e Eating Preferred Food

Cluster Classification

Level Cluster = Low
Shape Cluster = Labile
Combo Cluster = Low-Labile
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Appendix 30. Participant 30

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE tvalue pvalue  Cohen'sd
L Baseline (BL) level 946 2.08 4544 <0001
1 Baseline 60 950 8.7 AR1 1# order autoregressive ferm 05 004 1196 <0001
2 Loud Noise 30 909 104 DLghasez  Loud Noisevs. BL 41 343 .18 0.237 -0.24
3 Rest 30 862 85 DLphases  Restus.BL -59 353 -1.68 0.093 -0.35
4 Remote Robot 30 979 93 DLijhases  Remote Robotvs. BL 39 3152 1.12 0.263 0.23
5 Rest 30 930 124 DLghsses  Restvs.BL 21 351 -0.60 0.547 -0.12
6  Unstructured Time 30 957 125 DLghases  Unstructured Time vs. BL 15 351 0.41 0.680 0.09
7 Rest 30 1021 83 DLjhase7  Restvs.BL 48 3.52 1.38 0.169 0.28
§  Eating Preferred Food 30 1025 8.6 DLghases  Eating Prefemed Food vs. BL 9.6 3.52 2.7 0.007 0.56
9 Rest 30 1035 6.6 DLjhases  Restvs.BL 95 351 2.69 0.007 0.56
10 Difficult Task 30 954 62 DLyghaseio  Difficult Taskvs. BL 00 3.52 0.00 0.998 0.00
11 Rest 30 9.5 6.2 DLphase1n  Restvs. BL 08 351 0.23 0.817 0.05
12 Unfamiliar Person 30 904 110 DLghaserz  Unfamiliar Person vs. BL -42 351 -1.20 0.231 -0.25
13 Rest 30 881 92 DLphscers  Restys.BL -5.8 355 -1.64  0.102 -0.34

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =1
Rest phases =1
All phases =2

# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =1
Rest phases =1
All phases =2
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Stress Phases Significantly Greater Than baseline

* Eating Preferred Food

Cluster Classification

Level Cluster = Middle
Shape Cluster = Labile
Combo Cluster = Middle-Labile



Appendix 31. Participant 31

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  tvalue pvalue  Cohensd
L Baseline (BL) lavel 1062 1.57 67.65 <0001
1 Bascline 60 1060 6.0 ARI1 1* order autoregressive term 0.5 004 1051 <0001
2 Loud Noise 30 1042 7.2 DLhase2 Loud Noise vs. BL 22 261 -0.83 0.406 -0.17
3  Rest 30 94.7 4.3 DLhases Rest vs. BL -11.6  2.66 -4.36 <0001 * -0.90
4 Remote Robot 30 1163 124 DL phases Remate Robe! vs. BL 10.8  2.66 405 <0001 * 0.84
5 Rest 30 1140 84 DLpiases  Restvs. 8L 67 266 253 0012 * 052
6  Unstructured Time 30 1067 65 DLghases Unstructured Time vs, BL 03 266 0.12 0.907 0.02
7  Rest 30 106.0 52 DL phaser Rest vs. BL -0.1 266 -0.03 0.980 -0.01
8  Eating Preferred Food 30 1101 4.0 DLgnsses  EsfngPrefemedFoodvs.BL 4.2 2.66  1.57  0.116 0.32
9  Rest 30 1085 6.1 DL hases Rest vs. BL 24 266 0.91 0.365 0.19
10 Difficult Task 300 1078 111 DLjhascio  Diffcult Taskvs. BL 13 266 050 0616 0.10
11 Rest 30 971 6.9 DLgnasenn  Restvs. BL -82 266 -3.09 0002 *  -0.64
12 Unfamiliar Person 30 1020 70 DLgase1z  Unfamiliar Person vs. BL -44 266 -1.64 0.101 -0.34
13 Rest 30 1020 7.8 DLypeis  RestvsBL 38 275 -138  0.168 -0.29

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =1
Rest phases =1
All phases =2
# of phases significantly less than baseline:
Stress phases =0
Rest phases =2
All phases =2

# of phases significantly different from baseline:

=1
=3
=4

Stress phases
Rest phases
All phases

Stress Phases Significantly Greater Than baseline

Remote Robot

Cluster Classification

Level Cluster = Middle
Shape Cluster = Labile
Combo Cluster = Middle-Labile
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Appendix 32. Participant 32

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue  Cohen'sd
L Baseline (BL) level 1123 0.84 133.66 <0001
1  Baseline 60 1123 29 AR1 1% order autoregressive term 0.7 0.04 17.04¢  =.0001
2 Loud Noise 30 11L7 16 DLghasez  Loud Noisevs. BL 0.7 130  -035 0.585 -0.11
3  Rest 30 1114 24 DL jyases Restvs. BL 0.9 1.37 -0.68 0.500 -0.14
4 Remote Robot 30 1111 22 DLyjhases  Remote Robotvs. BL -1 138 -0.83 0.407 -0.17
5 Rest 30 1099 1.8 DLgnases Restvs. BL -2.4  1.39 -1.75 0.080 -0.36
6  Unstructured Time 30 1132 35 DLjyases  Unstructured Time vs. BL 06 138 040  0.686 0.08
7 Rest 30 1158 47 DLghase7  Restvs.BL 3.0 138 217 0.030 * 044
8  Eating Preferred Food 30 110.7 28 DLjnascs Eating Preferred Food vs. BL -1.6 1.38 -1.17 0.240 -0.24
9 Rest 300 1171 3. DLghases  Restvs.BL 58 138 423 <0001 * 086
10 Difficult Task 30 1138 34 DLgpasero  Diffcult Task vs. BL 1.0 138 0.75 0.451 0.15
11 Rest 30 1209 4.1 DLyjhasern  Restys.BL 80 138 581 <0001 * 118
12 Unfamiliar Person 30 1149 4.0 DLgtasciz  Unfamiliar Person vs. BL 34 138 245 0.014 * 0350
13 Rest 30 1085 23 DLppsce1s  Restvs.BL 44 141 =302 0002 ¢+ -0.64

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases
Rest phases
All phases

3
4

# of phases significantly less than baseline:

Stress phases
Rest phases
All phases

0
1
1

# of phases significantly different from baseline:

Stress phases
Rest phases
All phases

1
4
5

Stress Phases Significantly Greater Than baseline

Cluster Classification

Level Cluster = High
Shape Cluster = Stabile
Combo Cluster = High-Stabile
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Appendix 33. Participant 33

Heart Rate across Time (and Phase)

2-second Average Heart Rate (bpm)
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Mean Heart Rate by Phase

Mean Heart Rate (bpm)
83

Heart Rate Descriptives by Phase

Time Series Analysis Results

Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Basalin (BL) level 849 140 6053 <0001
1 Baseline 60 854 63 ARI1 1# aeder autoregressive term 0.5 0.04 13.07  <.0001
2 Loud Noise 30 89.7 6.2 DLhasez Loud Moise vs. BL 50 230 2.16 0.031 * 0.44
3  Rest 30 82.1 5.6 DL jhase3 Restvs. BL -2.6 235 -1.09 0.278 -0.22
4 Remote Robot 30 79.7 5.4 DL phases Remote Robol vs. BL -4.9 235 -2.08 0.038 * -0.43
5 Rest 30 84.2 7.2 DL phses Restvs. BL 03 236 0.13 0.898 0.03
6  Unstructured Time 30 850 78 DL hases Unstructured Time vs. BL -0 236 -0.41 0.682 -0.08
7 Rest 30 804 46 DL jhaser Rest vs. BL -5.0  2.36 -2.13 0033 * -0.44
8 Eating Preferred Food 30 959 26 DL phases Eating Preferred Food vs. BL 11.1 236 4.71 <0001 * 0.97
9  Rest 30 894 30 DLjhsses  Restvs.BL 43 236 1.83 0.068 0.38
10 Difficult Task 30 86.4 8.1 DLjhasero  Difficult Task vs. BL 21 236 0.88 0.376 0.18
1T Rest 30 85 60 DLjhaserr  Restvs. BL 03 236 -0.12 0907 -0.02
12 Unfamiliar Person 30 837 59 DLgnsse12  Unfamitiar Person ve. 5L -3 236 -0.53 0.594 -0.11
13 Rest 30 903 62  DLgyers  RestusBl 52 238 218 0.029 * 045

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =2
Rest phases =1
All phases =3

# of phases significantly Jess than baseline:
Stress phases =1
Rest phases =1
All phases =2

# of phases significantly different from baseline:

Stress phases =3
Rest phases =2
All phases =5

Stress Phases Significantly Greater Than baseline

¢ Loud Noise
¢ Eating Preferred Food

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile

96



Appendix 34. Participant 34

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (EL} level 959 097 9846 <0001
1 Baseline 60 956 39 ARI1 1# order autoregressive term 0.5 0.04 11.63 <0001
2 Loud Noise 30 976 38 DLphasc2  Loud Noisa vs. BL 1.3 1.60 0.81 0.419 0.16
3 Rest 30 983 37 DLphases  Restvs.BL 22 166 1.31 0.189 0.27
4 Remote Robot 30 936 33 DLjhases  Remote Robot vs. BL 23 164 -141 0.158 -0.29
5  Rest 30 991 44 DLgases  Restvs.BL 34 164 209 0037 * 043
6  Unstructured Time 30 976 4.7 DL hases Unstructured Time vs. BL 2.0 164 1.23 0.218 0.25
7 Rest 30 1014 3.6 DLghase7  Restvs. BL 60 164 364 0000 * 075
8  Eating Preferred Food 30 97.7 3.6 DLgnases  Ealing Prefered Food vs. BL 20 164 1.25 0.211 0.26
9 Rest 30 965 53 DLghaes  Restus.BL 09 164 055  0.580 0.11
10 Difficult Task 30 1069 7.2 DLptasero  Difficult Task vs. BL 104 1.64 6.33 <0001 * 1.31
11 Rest 30 1014 53 DLghasern Restvs. BL 52 164 3.15 0.002 * 0.65
12 Unfamiliar Person 30 947 34 DLytaser2  Unfamiliar Person vs. BL -l4 164 -084 0403 -0.17
13 Rest 30 95.3 2.8 DL jhase1s  Restvs.BL -0.5  1.65 -0.28 0.780 -0.06
Summary of Significant Time Series Results Stress Phases Significantly Greafter Than baseline
# of phases significantly greater than baseline: e Difficult Task
Stress phases =1
Rest phases =3
All phases =4
# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0 Cluster Classification
# of phag;s-e sslgnilf;:ant]y :g{j"erem ' from baseline: Level Cluster = Middle
Reat sg sz H Shape Cluster = Stabile
st phases Combo Cluster = Middle-Stabile
All phases =4
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Appendix 35. Participant 35

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 1058 1.13 93.85  <.0001
1 Baseline 60 1055 4.1 ARI 1¥ order autoregressive term 0.6 0.04 15.41 <0001
2 Loud Noise 30 1078 5.6 DLhascz  Loud Noisevs. BL 1.5 179 0.86 0.387 0.17
3 Rest 30 1079 36 DL phases Restvs. BL 33 1.85 1.76 0.079 0.36
4  Remote Robot 30 1041 29 DL nases Remote Robot vs. BL -22 193 -1.16 0.246 -0.24
5  Rest 30 1034 29 DLhases Rest vs. BL 26 190 -1.35 0.178 -0.28
6 Unstructured Time 30 1071 2.0 DL hases Unstructured Time vs. BL 04 1.87 0.21 0.833 0.04
7 Rest 30 1067 56 DL haser Restvs. BL 0.0 1.87 0.00 0.998 0.00
8  Eating Preferred Food 30 1122 6.1 DL hases Eating Preferred Food vs. BL 88 1.86 472 <0001 * 0.96
9  Rest 30 1106 3.4 DL jhases Restvs. BL 3.6 1.87 1.90 0.058 0.39
10  Difficult Task 30 1111 438 DLphaseto  Difficult Taskvs. BL 41 187 2.21 0027 * 045
11  Rest 30 109.4 5.8 DLpnasens Rest vs. BL 48 1.86 2.58 0.010 * 0.53
12 Unfamiliar Person 30 1025 27 DLphaserz  Unfamiliar Persan vs. BL -28 186 -1.50 0.133 -0.31
13 Rest 30 1003 33 DLhasers  Restvs.BL -53 191 274 0.006 *  -0.57

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =2
Rest phases =1
All phases =3

# of phases significantly less than baseline:

Stress phases =0
Rest phases =1
All phases =]

# of phases significantly different from baseline:

Stress phases =2
Rest phases =2
All phases =4

Stress Phases Significantly Greater Than baseline

* Eating Preferred Food
* Difficult Task
Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile
Combo Cluster = Middle-Stabile
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Appendix 36. Participant 36

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 81.3 1.07  76.01 <0001
1  Baseline 60 812 23 ARI1 1¥ order auloregressive lerm 0.7 004 17.17 <0001
2 Loud Noise 30 822 18 DLynasez  Loud Noise vs. BL 07 169 044 0658 0.09
3 Rest 30 834 31 DLjhases Restvs. BL 22 174 1.28 0.202 0.26
4  Remote Robot 30 838 29 DLpnsses Remote Robot vs. BL 3.1 1.83 1.68 0.092 0.35
5 Rest 30 866 24 DLjhases  Restvs.BL 55 176 in 0002 * 063
6 Unstructured Time 30 886 3.0 DL jhases Unstructured Time vs. BL 7.0 L75 3.97 <0001 * 0.81
7 Rest 30 850 29 DLphaser  Restvs.BL 44 176 251 0012 * 051
8 Eating Preferred Food 30 877 6.0 DLjhaes  Eating Frefemed Food vs. BL 5.8 175 332 0001 * 067
9 Rest 30 897 35 DLphases  Restvs.BL 88 175 502 <0001 * 102
10 Difficult Task 0 910 75 DLjhasero  Dificut Task vs. BL 82 175 467 <0001 * 0.95
11 Rest 30 855 55 DLphsserr  Restvs. 8L 44 175 2.52 0012 * 051
12 Unfamiliar Person 30 827 3.6 DLghaserz  Unfamiliar Person vs. BL 1.6 175 0.90 0.370 0.18
13 Rest 30 81.0 3.0 DLptsce1s  Restvs BL 03 1.80 0.15 0.881 0.03

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =3
Rest phases =4
All phases =7

# of phases significantly less than baseline:

Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =3
Rest phases =4
All phases =7

Stress Phases Significantly Greater Than baseline

e Unstructured Time
e Eating Preferred Food
e Difficult Task

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Appendix 37. Participant 37

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Basaline (BL) level 89.1 1.65 5419 <0001
1 Baseline 60 88.6 4.4 ARI1 1% order autoregressive term 0.7 0.04 18.23 <.0001
2 Loud Noise 30 942 8.0 DL jhase2 Loud Noise vs. BL 20 252 0.77 0.438 0.15
3 Rest 30 865 2.7 DLjhases  Restvs.BL -13 267 049 0.626 -0.10
4 Remote Robot 30 910 50 DLyjnases  Remote Robot vs. BL 34 267 1.26 0.206 0.25
5  Rest 30 935 37 DLghases  Restvs. BL 3.5 267 132 0.188 0.27
6 Unstructured Time 30 97.7 59 DLjhases Unstructured Time vs. BL 9.1 267 3.40 0.001 * 0.69
7  Rest 30 955 58 DLphsser  Restvs.BL 65 2.67 2.44 0015 * 049
8  Eating Prefered Food 30 1027 5.8 DLjtsces  EaingPrefemedFoodvs.BL 12.1  2.67 455 <0001 * 092
9  Rest 30 98.9 75 DL jpases Restvs. BL 11.9 2.67 444 <0001 * 0.90
10  Difficult Task 30 1002 5.2 DLphsseio  Dificult Taskve. BL 100 267 374 0000 * 075
11 Rest 30 1024 6.8 DLyjhaserr  Restvs.BL 149 2.67 560 <0001 * 1.13
12 Unfamiliar Person 30 1016 5.7 DLjhase1z  Unfamiliar Person vs. BL 102 267 3.82 0.000 * 0.77
13 Rest 30 94.6 5.4 DLjnaser1s  Restvs.BL 6.9 2.75 2.51 0.012  * 0.52

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =4
Rest phases =4
All phases =8
# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =4
Rest phases =4
All phases =8

Stress Phases Significantly Greater Than baseline

Unstructured Time
Eating Preferred Food
Difficult Task
Unfamiliar Person

Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile
Combo Cluster = Middle-Stabile
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Appendix 38. Participant 38

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 91.9 163 5630 <0001
1 Baseline 60 919 55 AR1 1* order autoregressive term 0.4 0.05 9.45  <.0001
2 Loud Noise 30 9%6 75 DLighasez  Loud Noise vs. BL 56 2.74 2.04 0.041 * 0.42
3 Rest 30 936 84 DLghases  Restvs.BL 09 277 0.33 0.744 0.07
4 Remote Robot 30 901 85 DLjhases  Remota Robot vs. BL -7 277 -0.60 0.549 -0.12
5 Rest 30 983 11.2 DL jhases Restvs. BL 69 277 247 0.013 * 0.51
6  Unstructured Time 30 910 101 DLjhases  Unstructured Time vs. BL 1.4 277 -0.51 0.610 -0.11
7  Rest 30 951 57 DLjtaser  Restvs.BL 44 278 1.57 0.115 0.33
8 FEating Preferred Food 30 970 9.9 DLphases  Eating Prefered Foodvs.BL. 4.4 2.78 1.58  0.115 0.33
9 Rest 30 1048 3.5 DLjhaes  Restvs. 6L 129 283 454 <0001 * 095
10  Difficult Task 30 1004 108 DLighaseio  Difficutt Task vs. BL 84 279 3.02 0003 *  0.63
11 Rest 30 1011 50 DLjhase1r  Restvs.BL 9.6 280 343 0001 * 071
12 Unfamiliar Person 30 1000 7.8 DLghase1z  Unfamiliar Person vs. BL 7.0 278 251 0.012 * 0.52
13 Rest 30 939 74 DLghsser Restvs. BL 3.0 279 1.07 0.286 0.22

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =3
Rest phases =3
All phases =6
# of phases significantly less than baseline:
Stress phases =0
Rest phases =0
All phases =0
# of phases significantly different from baseline:
Stress phases =3
Rest phases =3
All phases =6
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Stress Phases Significantly Greater Than baseline

Loud Noise
Difficult Task
Unfamiliar Person

Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile

Combo Cluster = Middle-Stabile



Appendix 39. Participant 39

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 816 070 11635 <0001
1 Baseline 60 815 39 ARI1 1# order autoregressive term 03 0.05 529 <0001
2 Loud Noise 30 864 39 DLphase2  Loud Noise vs. BL 47 120 3.8 0000 * 08l
3 Rest 30 796 36 DLgnases  Restvs. BL -9 120 -1.57 0118 -0.33
4 Remote Robot 30 833 41 DLghaces  Remote Robotvs. BL 1.7 120 143 0.154 0.30
5 Rest 30 857 63 DLynases  Restvs. BL 43 120 354 0000 * 074
6 Unstructured Time 30 818 46 DL ases Unstructured Time vs. BL 01 120 0.10 0.923 0.02
7 Rest 30 851 40 DLghaser  Restys. BL 35 120 287 0004 *  0.60
8  Eating Preferred Food 30 939 3.7 DLjhases  EsingPrefemed Foodws.BL 12,5 1.20 1039 <0001 * 217
9 Rest 30 852 51 DLghases  Restvs BL 34 120 284 0005 * 059
10 Difficult Task 30 936 3.4 DLghasero  Diffult Taskvs. BL 122 120 1013 <0001 * 211
11 Rest 30 873 32 DLgnasern  Restvs. BL 58 1.20 479 <0001 * 1.00
12 Unfamiliar Person 30 887 42 DLghase1z  Unfamiiar Person vs. BL 71 120 58 <0001 * @ 1.22
13 Rest 30 890 33 DLhacers  Restvs BL 76 122 620 <0001 _* 130

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =4
Rest phases =35
All phases =9

# of phases significantly less than baseline:
Stress phases =0
Rest phases =10
All phases =0

# of phases significantly different from baseline:

Stress phases =4
Rest phases =5
All phases =9
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* Loud Noise

o Eating Preferred Food

e Difficult Task

e Unfamiliar Person
Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile

Stress Phases Significantly Greater Than baseline



Appendix 40. Participant 40

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE  fvalue pvalue  Cohen'sd
L Baseline (BL) level 107.0 132 8L04  <.0001
1 Baseline 60 108.0 27 ARI1 1 order auloregressive term 0.8 0.03 2696  <.0001
2 Loud Noise 30 1054 23 DLphasez  Loud Noise vs. BL -1.2 164 -0.71 0.478 -0.12
3  Rest 30 1015 3.0 DL ases Restvs. BL <23 190  -1.21 0.226 -0.23
4 Remote Robot 30 1039 3.8 DL hases Remate Robet vs. BL -6.0 1.95 -3.08 0.002 * -0.58
5 Rest 30 1029 39 DLjhases  Restvs.BL 55 197 279 0005 *  -0.53
6  Unstructured Time 30 1014 38 DL phases Unstructured Time vs, BL -4.4 199 -2.19 0.028 * -0.42
7  Rest 30 1047 2.8 DL haser Restvs. BL -1.0 2.02 -0.51 0.609 -0.10
8  Eating Preferred Food 30 1103 1:5 DL hases Eating Prafemed Food vs. BL 53 202 2.64 0.008 * 0.51
9 Rest 30 1113 1.8 DLphases  Restvs. BL 4.1 201 2.03 0.043 * 0.39
10 Difficult Task 30 1111 1.9 DLhaseto  Difficult Taskvs. BL 6.9 2.02 3.40 0.001 * 0.66
11 Rest 30 1029 29 DL hasenn Restvs. BL =51 1.99 -2.58 0.010 * -0.50
12 Unfamiliar Person 30 1020 24 DLphaseiz  Unfamiliar Person vs. BL =51 2.00 -2.55 0.011 * -0.49
13 Rest 301151 6.0 DLphssets  Restvs.BL 54 212 256 0010 * 0.5

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =2
Rest phases =2
All phases =4

# of phases significantly less than baseline:

Stress phases =3
Rest phases =2
All phases =5

# of phases significantly different from baseline:

Stress phases =35
Rest phases =4
All phases =9

Stress Phases Significantly Greater Than baseline

Cluster Classification

Level Cluster = Middle
Shape Cluster = Stabile
Combo Cluster = Middle-Stabile
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Eating Preferred Food
Difficult Task



Appendix 41. Participant 41

Heart Rate across Time (and Phase)

Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE fvalue pvalue Cohen'sd
L Baseline (BL) level 885 209 4228 <0001
1 Baseline 60 896 50 AR1 1* grder autoregressive term 0.8 003 2425 <0001
2 Loud Noise 30 916 5.1 DLhasez Loud Noise vs. BL 33 276 1.21 0.228 0.21
3 Rest 30 878 59 DLjtases  Restvs. BL -l4 309 -045 0.649 -0.09
4  Remote Robot 30 961 46 DLyjjases  Remote Robotvs. BL 6.5 318 203 0042 0.39
5 Rest 30 864 52 DLhases Rest vs. BL =25 321 -0.79 0.429 -0.15
6 Unstructured Time 30 1042 93 DL ases Unstructured Time vs. BL 13.7 321 426 <0001 0.83
7  Rest 30 911 6.6 DLjtaser  Restvs.BL 44 322 1.37 0.170 0.27
8  Eating Preferred Food 30 958 29 DL phases Eating Preferred Food vs. BL 7.8 324 242 0.016 0.47
9  Rest 30 882 73 DLghases Rest vs. BL 53 330 1.61 0.107 0.32
10 Difficult Task 30 875 5.7 DLjhasero  Diffcuit Task vs. BL 0.1 324 -0.03 0.976 -0.01
11 Rest 30 88.1 45 DLjhasern  Restvs. BL -6.5 324 =202 0.043 -0.40
12 Unfamiliar Person 30 948 54 DLphasetz  Unfamiliar Person vs. BL 6.6 3.23 2.05 0.040 0.40
13 Rest 30 835 335 _DLihaers  Restvs.BL -15 344 043  0.666 -0.09
Summary of Significant Time Series Results Stress Phases Significantly Greater Than baseline
# of phases significantly greater than baseline: * Remote Robot
Stress phases =4 e Unstructured Time
Rest phases =0 e Eating Preferred Food
All phases =4 e Unfamiliar Person
# of phases significantly less than baseline:
Stress phases =0
Rest phases =1
Al p has.es =k . Cluster Classification
# of phases significantly different from baseline:
Stress phases =4 Level Cluster = Low
Rest phases =1 Shape Cluster = Labile
All phases =5 Combo Cluster = Low-Labile
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Appendix 42. Participant 42

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M SD Parameter Estimate SE fvalue pvalue Cohen'sd
L Baseline (BL) level 89.1 146  61.06 <0001
1 Baseline 60 89.2 3.2 ARI 1#order autoregressive term 0.6 0.04 15.50 <0001
2 Loud Noise 30 87.0 52 DL jhasez Loud Noise vs. BL -36 229 -1.56 0.120 -0.31
3  Rest 30 86.4 5.7 DL jhases Restvs. BL -2.7 239 -1.12 0.264 -0.23
4 Remote Robot 30 854 53 DLphases Remote Robot vs. BL =30 240 -1.24 0.215 -0.25
5 Rest 30 86.7 4.1 DL hases Restvs, BL -1.7 240 -0.69 0.489 -0.14
6  Unstructured Time 30 864 51 DL phases Unstructured Time vs. BL -43 241 -1.80 0.072 -0.37
7  Rest 30 878 47 DL jpaser Restvs. BL 0.1 241 0.05 0.961 0.01
&  Eating Preferred Food 30 869 46 DL hases Eaing Prefered Food vs. BL =31 240 -1.29 0.196 -0.26
9 Rest 30 894 55 DLjhases  Restvs.BL 1.7 240 0.71 0.481 0.14
10 Difficult Task 30 95.3 59 DLghaseio  Dificutt Task vs. BL 44 240 1.85 0.065 0.38
11 Rest 30 943 6.7 DLjtase1n  Restys. BL 5.1 240 2.13 0.033 * 0.43
12 Unfamiliar Person 30 89.6 49 DLphase12  Unfamiliar Person vs. BL =15 241 -0.62 0.535 -0.13
13 Rest 30 927 9.7 DLphssers  Restvs.BL 55 245 223 0.026 * 0.46

Summary of Significant Time Series Results
# of phases significantly greater than baseline:

Stress phases =0
Rest phases =2
All phases =2

# of phases significantly less than baseline:

Stress phases =0
Rest phases =0
All phases =0

# of phases significantly different from baseline:

Stress phases =0
Rest phases =2
All phases =2

Stress Phases Significantly Greater Than baseline

Cluster Classification

Level Cluster = Low
Shape Cluster = Stabile
Combo Cluster = Low-Stabile
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Appendix 43. Participant 43

Heart Rate across Time (and Phase) Mean Heart Rate by Phase
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Heart Rate Descriptives by Phase Time Series Analysis Results
Phase N M 8D Parameter Estimate SE fvalue pvalue Cohen'sd
L Baseline (BL) level 107 131 77.77 <0001
1  Baseline 60 1023 87 AR1 19 erler autoregressive tem 0.5 0.04 11.83 <0001
2 Loud Noise 30 96.4 44 DL hasez Loud Noise vs. BL 42 222 -1.87 0.061 -0.39
3  Rest 30 95.6 5.7 DL hases Restvs. BL -5.8 223 -2.63 0.009 * -0.54
4 Remote Robot 30 949 39 DLphases  Remote Robotvs BL 6.9 221 -3.12 0.002 * -0.65
5 Rest 30 1024 38 DL hases Restvs. BL 09 221 0.42 0.672 0.09
6  Unstructured Time 30 942 76 DLjhases  Unstructured Time vs. BL 80 220 361 0000 * -0.74
7  Rest 30 976 50 DLjhase7  Restvs.BL -46 222 2206 0039 * 043
8 EatingPreferred Food 30 107.5 4.3 DLgnases  EsingPreferedFoodws BL 6.5 221 295 0003 * 061
9  Rest 30 1014 4.0 DL hases Restvs. BL 0.1 221 -0.06 0.953 -0.01
10 Difficult Task 30 1022 6.4 DLhaseto  Difficult Task vs. BL 05 225 0.23 0.820 0.05
11 Rest 30 977 44 DLphaseir  Restvs.BL -42 221 -1.88 0.060 -0.39
12 Unfamiliar Person 30 1003 6.7 DLjhaserz  Unfamiliar Person vs. BL -1 221 -0.48 0.629 -0.10
13 Rest 30 1024 46 DLjhasers  Restvs.BL 09 223 040  0.693 0.08

Summary of Significant Time Series Results

# of phases significantly greater than baseline:
Stress phases =1
Rest phases =0
All phases =1

# of phases significantly less than baseline:
Stress phases =2
Rest phases =2
All phases =4

# of phases significantly different from baseline:

Stress phases =3
Rest phases =2
All phases =5
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Cluster Classification
Level Cluster = Middle
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