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Abstract

Chronic stress exposure is linked to health and performance deficits including mental disorders, chronic diseases, and metabolic
conditions. Stress management is an active process of coping with internal or external stressors to prevent or dampen biological and
psychological strain. To enrich analysis of the causes and the effects of stress, the process of transitioning between “stressed” and “not
stressed” is quantified here with a novel, 4-item instrument that prompts participants to self-report on the temporal nature of stress
emergence and dissipation. Participants use visual analog scales (VAS) to record stress intensity (with responses recorded through a
rating scale represented as a thermometer icon), stress frequency (as a calendar icon), speed of onset of stress (as a speedometer icon),
and speed of recovery from stress (as a speedometer icon). This longitudinal study of six crewmembers during an 8-month simulated
Mars mission has shown that the self-reported stress intensity is correlated to the perception of how quickly stress emerges and how
slowly stress dissipates. These results indicate that stress is perceived as most intense when it emerges suddenly and then lingers on,
slowly dissipating. This novel instrument is named SIFOR which is pronounced as “Sigh-Four” as a reminder for participants to take
a moment to sigh then evaluate the four items of this self-report instrument. SIFOR results have shown agreement with the validated
10-item Perceived Stress Scale, demonstrating the potential for using SIFOR as both a research and clinical tool for stress monitoring.
Self-reported data from SIFOR of how stress emerges and dissipates is useful for comparing the impact of various stressor types,
evaluating stress coping strategies, and promoting resilient responses.

Introduction

An instrument called SIFOR is presented here as a novel
approach to measuring how perceived stress intensity, or
the impact of stressors, is related to the temporal nature
of how stress emerges and dissipates. Participants are
prompted to self-report on Stress Intensity (SI), Frequency
(F), the speed of Onset of stress (0O), and the speed of
Recovery (R) from stress. Stress management is an active
process for mitigating stressors that are threatening to
induce biological or psychological strain. Resilience in the
face of stressors relies on timely recognition and coping
to prevent strain from accumulating beyond the elastic
bounds of recovery. Simple, reliable methods of stress
monitoring are needed to detect when stress is reaching
critical levels and to assess the efficacy of coping strategies
that can help mitigate and prevent health and performance
deficits.

Prior longitudinal research on the time course of stress
includes measurement of biomarkers and personality
traits [1] and of biometrics on a short-term basis, such as
heart rate and respiration rate recovery after artificially-
inducing stressors in laboratory settings [2-4]. Biomarker
and biometric methods are advantageous for gathering
quantitative, objective results; however, at the current state
of technology, such methods are not scalable and become
infeasible for monitoring stress over long periods of time
in real-world settings or complex work environments.
Biosampling requires time-intensive processing by
laboratory staff with associated costs for materials and
equipment; though someday in the future, if there will
be miniaturized, low-cost laboratory equipment, such
as portable mass spectrometers, then biosampling will
become more accessible. Similarly, biometric recordings
are typically conducted in clinical or laboratory settings,
and these data require expertise for advanced data
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processing. In contrast, we propose a quick, easy-to-use
4-item instrument for analyzing stress levels over a set
time period (i.e. weekly analysis) to study the impact of
various types of stressors.

The SIFOR instrumentis demonstrated with alongitudinal
analysis of six crewmembers who self reported on stress
levels while isolated and confined during a 240-day
simulated Mars mission on Mauna Loa volcano in Hawaii.
This Mars analog mission’s concept of operations required
crew to have a high level of autonomy in performing
mission tasks and self-organizing their schedules and
routines [5]. Crew experienced stressors such as lack of
privacy, limited communication with family and friends
over a Mars-like 20-min latency or delay, shelf-stable food
ingredients, restricted resource usage (water and power),
and small team dynamics.

We compare the self-reported stress results of these
crewmembers who provided responses weekly to both the
SIFOR instrument and the 10-item Perceived Stress Scale
(PSS) questionnaire which has been validated in adult and
adolescent populations [6,7]. The SIFOR instrument uses
VAS, or visuals, eliminating the time and skill required
for reading comprehension of verbal statements in
standard questionnaires such as the PSS. This research is
motivated by the results of an earlier study of isolation and
confinement, a 520-day simulated Mars mission in Russia,
in which visual analog scales (VAS) were key to showing
statistical differences in participant mood and behavior
over time, whereas the validated questionnaires did not
have the same outcome of finding significant differences
over time [8]. This could be indicating that VAS are more
sensitive to detecting longitudinal differences compared
to questionnaires that implement likert responses to
statements. The SIFOR instrument utilizes VAS to obtain
perceived stress levels with the goal of longitudinal stress
monitoring.

The ease of use of this novel instrument enables stress
monitoring in complex work environments, such as
those experienced by astronaut crews, hospital staff,
deployed military teams, or other busy professionals, to
improve health and performance both during operations
in complex work environments and while re-integrating
after returning home. This instrument may also be helpful
as a recovery tool for patients with impaired cognitive
functioning, such as neurodegenerative or traumatic
brain injury patients, who need to monitor and adjust
their arousal levels to have enough stress to promote
development but not overwhelm them. Patients with post-
traumatic stress disorder (PTSD), depression, anxiety, or
chronic diseases using the instrument for daily or weekly
monitoring will have data-driven information to support
their self-awareness and stress management abilities

which will help with controlling their primary medical
issues.

Methods

Participants responded on a weekly basis using Purdue
University’s Qualtrics system to access the SIFOR
instrument for self-reporting on Stress Intensity,
Frequency, Onset, and Recovery. These four-items are
answered with VAS to quickly identify how stress events
were experienced each week as shown in Figure 1. To
compare SIFOR with an existing, validated method for
self-report of stress, the Perceived Stress Scale (PSS) was
also hosted on Qualtrics for weekly self-reporting (Figure

2).

The participants in this study were encountering stress
while living and working together in an 8-month simulated
Mars mission called HI-SEAS (Hawaii Space Exploration
Analog and Simulation). HI-SEAS immerses 6-person
crews of astronaut-like individuals in a Mars-like habitat
on Mauna Loa volcano, isolated from the rest of humanity
for a long duration, confined to a 1000-square-foot living
space, except for spacewalks wearing mock spacesuits,
while living on limited energy, water, and food resources,
and relying on delayed communications with “Earth” and
mission support.

HI-SEAS is a NASA-funded study characterizing the
behavioral health and performance (BHP) risks for
long-duration human spaceflight missions. This stress
questionnaire is an opportunistic research project that
complemented the BHP study during HI-SEAS mission
IIT and was conducted in accordance with the NASA
Institutional Review Board (IRB) approved protocol for
participant privacy protection. While the HI-SEAS mission
began in mid-October 2014, this stress questionnaire
was approved and added in December 2014 and the
questionnaire continued until mission end in mid-June
2015, which is 6.5 months of the 8-month HI-SEAS
mission.

Theory / calculations

Computing the perceived stress score of this novel
instrument only requires simple arithmetic. From the
responses to the four items, two factors (SIF and SOR) are
calculated, each factor is transformed by min-max scaling
to a relative scale for that participant, and then the two
relative factors are averaged to compute the SIFOR score.

The first factor (SIF) is taking the result of item 1,
stress intensity, and multiplying by the result of item 2,
frequency. This factor, shown in Equation 1, is providing
an overall picture of stress. For the longitudinal study
results presented here, SIF is the stress level experienced
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Thinking about the past week, how would you gauge the INTENSITY (1-very low, 10- very high) of
emotional stress that you have experienced?

Thinking about the past week, how would you gauge the FREQUENCY (1 - felt rarely, 7- felt very
often) of emotional stress that you have experienced?

-2 b AN

Thinking about the past week, how would you gauge the SPEED OF ONSET (1 - very slow, 10- very
fast) for emotional stress that you have experienced?

Thinking about the past week, how would you gauge the SPEED OF RECOVERY (1 - very slow, 10-
very fast) from emotional stress that you have experienced?

Figure 1. SIFOR: 4-item self-report instrument for measuring perceived stress.
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During the past week, how often have you...
Never Rarely | Sometimes Often Always
(A B) (C) (D) (E)
... been upset because of
something that happened Q Q O Q @)
unexpectedly?
...felt that you were unable
to control the important Q Q Q Q Q
things in your life?
...fe"It nervou§ and o o o o o
stressed”?
...felt confident about your
ability to handle your Q O O Q Q
personal problems?
felt_ that things were o o o o o
going your way?
....found that you could not
cope with all the things Q Q Q O Q
that you had to do?
o pe(_en ab_le to control o o) o) o o
irritations in your life?
...felt that you were on top o o o o o
of things?
...been angered because
of things that were outside Q Q Q Q Q
of your control?
...difficulties were piling up
so high that you could not Q o O Q Q
overcome them?
Figure 2. The 10-item PSS validated questionnaire for comparing with SIFOR.

in a given week by the crewmembers. Consider that only
one day of low intensity stress during the week would be
the lowest stress case, whereas seven days of high intensity
stress would be the highest stress case. Then, min-max
scaling of the factor is shown in Equation 1b which scales
the magnitude of the factor to range from o (minimum) to
1 (maximum).

SIF = (Stress Intensity) X (Stress Frequency) Equation 1.

[SIF—min(SIF)]

TSIF = max(SIF)—-min(SIF)

Equation 1b.

The second factor (SOR) is the speed of onset, which
is item 3, minus the speed of recovery, which is item 4
(Equation 2). This factor describes the temporal nature of

how stress was experienced. Consider that the highest case
would be if stress emerged very quickly then lingered on,
dissipating very slowly. The lowest case of stress for this
factor is when stress has emerged slowly, then dissipated
very quickly. Min-max scaling of this factor is shown in
Equation 2b.

SOR = (Speed of Onset) — (Speed of Recovery) Equation 2.

[SOR-min(SOR)]

rSOR=———""""~—
max(SOR)—min(SOR)

Equation 2b.

The overall score: SIFOR (Equation 3) is an average of
relative SIF and SOR factors.

SIFOR = (rSIF + rSOR) + 2 Equation 3.
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Results

Stress intensity results for each of the six crewmembers
are shown in Figure 3 plotting relative SIF (Equation 1b),
relative SOR (Equation 2b), and the average of these two
factors SIFOR (Equation 3). These results are reported
on a relative scale from o to 1 representing the range of
stress that was reported by each participant from lowest to
highest stress during the mission.

The absolute values for stress intensity reported by each
participant varied; for an interested reader, the range of

SIFOR values that is represented by the relative scale for
each crewmember is the following: from 1 to 19 for subplot
1 (top left), from 0.5 to 33 for subplot 2 (top right), from
0.5 to 22.5 for subplot 3 (middle left), from -3.5 to 11 for
subplot 4 (middle right), from 5.5 to 33.5 for subplot 5
(bottom left), and from 0.5 to 39 for subplot 6 (bottom
right).

To compare the novel metric of Stress Intensifty,
Frequencey, Onset, and Recovery (SIFOR) with the
Perceived Stress Scale (PSS) questionanire, which is
a validated, gold-standard method for obtaining self-
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Figure 3: The results of the weekly questionnaire are shown here by plotting SIF (dashed line), OR (dotted line), and the average
of the two factors SIFOR (solid line) on a relative scale from o (lowest stress) to 1 (highest stress) for each participant.
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reports of perceived stress, both metrics are plotted for
each crewmember in Figure 4. These results are reported
on a relative scale from o to 1 representing the range of
self-reported stress for each participant from lowest to
highest. For an interested reader, the range of PSS values
represented by the relative scale for each crewmember is
the following: from 10 to 16 for subplot 1 (top left), from
9 to 20 for subplot 2 (top right), from 13 to 26 for subplot
3 (middle left), from 10 to 15 for subplot 4 (middle right),
from 12 to 24 for subplot 5 (bottom left), and from 8 to 26

for subplot 6 (bottom right).

After combining the results for all six participants
to compare PSS and SIFOR, in Figure 5 it shown that
there is relative agreement between these two methods
of measuring stress. The two methods are generally
correlation, though there are notable outliers in subplot 3
(middle left, Participant B) in mid-January and subplot 4
(middle right, Participant E) in early April.
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Figure 4: Comparing results of the novel metric SIFOR (solid line) with the gold-standard PSS (dotted line) results during the
mission on a relative scale from o (lowest stress) to 1 (highest stress). Note that this relative scale differs for each measure, as the

average values with PSS are from 10 to 21, whereas SIFOR ranges from 1 to 26.
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Discussion

This novel self-report instrument for describing the
process of stress emergence and stress dissipation and
quantifying the temporal nature of the stress event process
has provided a bottom-up, data-driven approach to
evaluating stress trajectories. It can also be used to assess
various interventions and coping strategies. By providing
a measure of the process of moving from “stressed” to
“not stressed,” this novel metric can enable hypothesis
testing of both vulnerability and resiliency to stress.
Behavioral, psychological, or biological histories may
promote resilience or alternatively, increase a person’s
vulnerabilities to stressful situations [9,10]. While
characteristics of resilient individuals are being analyzed
in legacy studies of aged populations and of adolescents
who beat-the-odds to reach success despite low access to
resources, support, and opportunity in their communities
[11-13], there is a need for assessing resilience to stressors
in a longitudinal manner over time, rather than in a
retrospective manner.

While chronic stress is known to be linked to poor health
outcomes [14], research is needed to determine which
types of chronic stressors are most detrimental for a given
context (i.e. financial stress may be more damaging than
social stress for some people and situations), and not all
stressors are negative, as Yerkes-Dodson law states that
some arousal is helpful for improving performance [15].
Many stressor types have been recorded in questionnaires
or induced in laboratory research of humans and
animals, including environmental toxins, aggression,

subordination, financial insecurity, death of a loved one,
isolation, confinement, or poor sleep hygiene [8,16-21].

Here, we consider the intensity of stressful experiences
(such as dealing with small team dynamics while inisolation
and confinement), how they are triggered, and how they
resolve over time. For example, the sudden shock of a loved
one getting diagnosed with a disease would be a quick onset
stress, in the case of the news being surprising, not known
nor suspected, and then would be a slow recovery due to
ongoing stress of going through the health care treatment,
including schedule and financial disruptions, versus the
surprise of a work deadline or a teammate’s criticism
that has come and gone quickly. The results presented
here show that stress is perceived as intense when stress
levels have increased quickly and then keep lingering on.
Similarly, the theory of allostasis explains that when stress
does not dissipate quickly and continues straining a living
system beyond the elastic bounds of recovery, aging and
disease progress as “wear and tear” from stress exposures
accumulating over time [22,23]. Accumulation of allostatic
load due to stress exposures has been linked to a plethora
of health problems, including cardiovascular disease,
PTSD, depression, anxiety, metabolic disorders, digestion
problems, and neurodegenerative diseases [9,10].

Future studies with this instrument are recommended to
evaluate patterns of stress that are most detrimental. For
example, testing the hypothesis that stress events with high
speed of onset and low speed of recovery have more lasting
psychological or biological impacts, or studyingifindividual
personality traits or characteristics of a given stressor
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type are related to various SIFOR responses. Developing
predictors of biological or psychological impacts will
provide information for promoting self-awareness and for
improving stress management. Analyzing the emergence
and dissipation of various stressors can enable improved
development and assessment of stress management
strategies, such as diaphragmatic breathing techniques
as well as adequate sleep and exercise, and proper
nutrition, or pharmacological solutions [24-26]. Coping
strategies should be practiced, recorded, and assessed in
a longitudinal manner to promote adaptive and resilient
responses to stressful situations.

Conclusions

This study has developed empirical evidence that the
intensity of stress is related to the temporal nature of
stress, defined here as an individual’s perception of how
quickly stress emerges and how slowly stress dissipates. In
future work, we will validate perceived stress intensity with
biological sampling (i.e. urine, hair, etc.) by comparing
SIFOR results with catecholamine and cortisol levels
[18,21].

Stressor types should be classified in a bottom-up
approach, whereas most of the prior work in developing
classifications for stress types has been developed in a top-
down inductive approach, including important academic
and clinical distinctions such as acute stress (short-term),
chronic stress (long-term), eustress (good stress), distress
(bad stress), and PTSD. Time-dependent and context-
specific classifications of stress can be developed in a
data-driven manner to complement existing definitions
of stress types in the literature induced from theoretical,
conceptual, or lexicographical angles [27-29].

Preventing the development of unhealthy states, or
mitigating the negative impacts of stress, requires
knowledge of a person’s tolerance of stressors and current
states of vulnerability, resilience, and adaptability or coping
methods. The timing of stressors should be considered in
future analysis of stress trajectories as feedback from earlier
stress events that are slowly dissipating may create future
vulnerabilities to stress emergence from other stressors.
Depending on earlier events, a given stressor may provoke
a different path of stress emergence and dissipation, and
a given coping strategy may be more effective for a given
scenario. This research has developed an instrument for
studying the time-dependent nature of stress.
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