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Abstract

Stress impacts our emotions, cognition, behavior, and health. Although stress is abundant
and unavoidable, recent research suggests our perception of stress can strongly influence
its outcomes. The Biopsychosocial Model of Challenge and Threat (BPS) states that we
appraise a stressful scenario in one of two ways: challenge or threat. A challenge appraisal
involves a positive perception of stress while a threat appraisal involves a negative
perception of stress. The current research employed an experimental design to randomly
assign participants to receive either threat or challenge-based instructions prior to
completing the Stroop task, a well-established cognitive control task sensitive to stress and
fatigue. Grounded in the BPS framework, this manipulation aimed to explore how
contextual appraisals influence cognitive performance, physiological stress, anxiety, and
ego depletion, as well as explore the potential role of one’s inherent (trait) self-control.
Several psychophysiological measures were taken both pre- and post- completion of the
Stroop task: heart rate variability, state anxiety, and change in grip strength to assess ego
depletion. Trait self-control and cognitive appraisal of the task were assessed post-test.
Results confirmed the threat condition instructions were perceived as more threatening.
Females were more likely to appraise the challenge condition as more threatening than
males. However, task performance, anxiety, physiological stress, and ego depletion were
unaffected by the experimental manipulation. Trait self-control was also not predictive of
any of these measures. Although largely non-significant, this study provides insights to
consider in future studies exploring the psychophysiology of stress.
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INTRODUCTION

Stress remains the top factor affecting adult mental health (American Psychiatric
Association, 2025). Stress is the physiological or psychological response to internal or
external stressors. It is associated with negative moods like anxiety (Bolger et al., 1989)
and has negative social implications such as withdrawal, irritability and hostility, and
ultimately, taxes an individual’s psychological resources (August et al., 2007). Consistent
with the General Adaptation Syndrome (Selye, 1946), stress has immediate and long-term
effects on physical health. Chronic stress serves as a risk factor for physiological disorders
including obesity and cardiovascular disease, psychiatric disorders such as depression,
anxiety, and acute stress disorder, and neurodegenerative disorders such as Alzheimer's
(Ross et al.,, 2017). In college specifically, stress is negatively correlated with
psychological well-being (Barbayannis et al., 2022), psychological flexibility
(Koppenborg et al., 2022), academic performance, motivation, and increases the risk of
school dropout (Pascoe et al., 2020).

Although the negative consequences of stress have long been documented, research
suggests that one’s perspective, or cognitive appraisal, of stress has the potential to mitigate
these effects. The first formal studies examining cognitive appraisals involved participants
watching silent videos — a neutral video or one depicting a primitive ritual involving a crude
operation called “subincision,” in which a young boy is restrained by several older men
while his penis is cut with a sharpened flint (e.g., Lazarus et al., 1962; Speisman et al.,
1964). Compared to a neutral film, viewing this film resulted in both self-report and
physiological changes consistent with a stress reaction (Lazarus et al., 1962). However,
both self-report and physiological stress reactions by watching the subincision video could
be reduced by hearing a neutralizing narrative or soundtrack (e.g., about how the operation
was not harmful but rather a joyous rite of passage, or if it were presented as a scientific
film) (Speisman et al., 1964). Such work laid the framework for the Transactional Model
of Stress and Coping developed by Lazarus and Folkman in 1984. Central to this model is
the proposed process by which individuals evaluate and interact with their environment —
a primary appraisal determines if the event is harmful and a secondary appraisal assesses
ability to cope with a perceived threat.

The Biopsychosocial Model of Challenge and Threat (BPS) refined this framework
to explore how cognitive appraisals influence self-report and physiological measures of
stress during goal-relevant performance (Blascovich & Tomaka, 1996; Blascovich &

Mendes, 2000). According to the BPS, when an individual enters a potentially stressful
situation, they evaluate how demanding the situation is and whether they have the
necessary resources to cope with those demands. If the individual believes they have
sufficient internal and external resources to meet the demands, the situation is viewed as a
“challenge” whereas if the individual believes their resources are insufficient to meet the
demands, the situation is viewed as a “threat.” The BPS rests on the “identity thesis” in that
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it seeks to answer questions by pursuing, developing, and validating physiological indices
of psychological constructs.

For instance, in one study, cognitive appraisals and physiological stress were
measured while participants performed a mental arithmetic task (Tomaka et al., 1997).
They were randomly assigned to hear one of two audio-recorded sets of instructions: threat
(emphasizing accuracy of task performance and potential evaluation) or challenge
(emphasizing effort and doing one’s best). Consistent with previous studies and Lazarus
and Folkman’s theory of stress (1984), self-reported cognitive appraisal was assessed as a
relative balance between demands and resources. Specifically, they asked participants two
questions on a 6-point Likert scale to assess self-report cognitive appraisal — “How
threatening..” and “How able are you to cope with...,” and examined each question
individually as well as calculated an overall appraisal index as a ratio. Physiological data
included systolic and diastolic blood pressure (measured at baseline, 1, 3, and 5 minutes),
and electrocardiographic indices - pre-ejection period, heart rate, cardiac output, and total
peripheral resistance — recorded every minute via electrodes. Reactivity scores were

2

calculated by subtracting baseline from task values. The cognitive appraisal ratio differed
based on instruction type, validating the manipulation. There was no difference in task
performance (number of responses, number and percentage of correct responses) or blood
pressure; however, three of the four electrocardiographic measures differed (all but heart
rate).

Though originally unexamined, affect and related psychological constructs likely
interact with cognitive appraisals and have since been integrated into the BPS model
(Blascovich & Mendes, 2000). These interactions are thought to occur both consciously
and unconsciously, prompting calls for further research to clarify their involvement. Porter
and Goolkasian (2019) explored how threat and challenge instructions affect
cardiovascular and emotion outcomes when playing video games. Participants were
randomly assigned to hear challenge or threat instructions before playing Mortal Kombat
or Tetris. Measures included two Likert-based questions (0 — 6) to assess primary (“How
demanding..”) and secondary (“Do you feel you had the necessary skills...”) cognitive
appraisals, although the researchers did not use a ratio. They found that threat instructions
were associated with higher demand and lower skill ratings compared to the challenge
condition, validating the study’s paradigm. Participants were asked to rate game
characteristics (e.g., violent, boring, difficult) on a 5-point Likert scale, and the threat group
rated the games as more difficult. Participants also rated emotions (e.g., worried, fearful,
happy, proud) on a 9-point Likert scale, and, consistent with BPS, the threat appraisal
instructions resulted in higher ratings of “fearful,” “worried,” and “anxious.” Physiological
stress was measured using systolic and diastolic blood pressure and heart rate variability
(using RMSSD). No effect of instruction type was found related to blood pressure although
Mortal Kombat was associated with an increase regardless of instruction type. This appears
inconsistent with the hypothesis and review of research by Blascovich and Mendes (2000)
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in which they suggest changes in blood pressure should be observed in threat but not
challenge conditions (p. 79). Porter and Goolkasian (2019) did find that heart rate
variability (using RMSSD) was higher in the threat groups, but only for the first five
minutes of game play compared to the challenge groups (regardless of video game type),
which may be more consistent with the General Adaptation Syndrome in that online
monitoring of the situation segued from the “alarm” phase to the “maintenance” phase
when being faced with a stressor (Selye, 1946).

High trait self-control is a personality type associated with a wide range of positive
behaviors, such as being able to better control one’s thoughts, emotions, and impulses
(Baumeister et al., 1998; de Ridder et al., 2012). It is predicted that individuals who exhibit
high trait self-control are more likely to perceive a stressor as a challenge as opposed to a
threat (Blascovich & Tomaka, 1996, p. 13). To date, only one study was found to have
examined the relationship between trait self-control and cognitive appraisal, though it
employed a correlational design. Wieringa (2020) explored whether cognitive appraisal
mediated the link between trait self-control and healthy eating behavior using a vignette-
based approach. While trait self-control was associated with both cognitive appraisal and
healthy eating, mediation was not supported — both showed direct effects. Notably, lower
self-control was linked to appraising the vignette as more threatening. However, no
research has yet experimentally tested the role of trait self-control within the BPS
framework.

Although stable individual differences are captured by trait theories, another
perspective views self-control as a limited resource that can be temporarily depleted — a
phenomenon known as ego depletion (Baumeister et al., 2007). This model suggests that
individuals with high trait self-control may have greater regulatory resources, potentially
buffering them from ego-depletion effects (Baumeister et al., 2007; Hagger et al., 2010).
Although several studies have explored the relationship between trait self-control and ego
depletion, results are mixed (e.g., Englert & Bertrams, 2021; O’Brien et al., 2021).

A meta-analysis of 83 studies supports that ego depletion impairs self-control task
performance (Hagger et al., 2010). For example, Ciarocco et al (2001) examined how
avoiding a conversation — or acting as an ostracizer — impacted ego depletion. They used
both behavioral (persistence on an unsolvable anagram task) and physical (handgrip
strength) measures, finding consistent declines in ego depletion. Drawing on the BPS
model, Ciarocco et al (2001) concluded that handgrip duration measures ego depletion as
it requires sustained mental and physical persistence. A substantial body of research links
stress to ego depletion (Baumeister & Tienery, 2011; Duckworth et al., 2013; Gokalp et
al., 2024; Hagger et al., 2010; Maier et al., 2015; Oaten & Cheng, 2005; Park et al., 2016).
For instance, Goldberg and colleagues (2017) found that longer baseline handgrip duration
was associated with lower perceived stress and other psychological factors (e.g.,
neuroticism, anxiety sensitivity, mindfulness). However, despite these findings, no studies
to date have experimentally examined ego depletion within the BPS framework.
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Couched in BPS framework, the current study experimentally manipulates
instructions to induce threat or challenge conditions before completing a Stroop task to
better understand the interplay of this context on physiological stress, state anxiety, ego
depletion, and trait self-control. Additionally, given that one previous study reported that
female participants were more likely to appraise situations as more threatening compared
to men (Wieringa, 2020), differences between males and females will be explored. Thus,
the four sets of hypotheses are as follows:

Hypothesis 1: Randomly assigned instruction type (threat or challenge)
given prior to the Stroop task will result in different cognitive
appraisals of the task.

Hypothesis 2: Participants randomly assigned to the threat instructions will
perform worse on the Stroop task and report higher levels of
State anxiety, exhibit more ego depletion, and exhibit
impaired physiological functioning compared to those who
are assigned the challenge instructions.

Hypothesis 3: Trait self-control will be related to Stroop task performance,
cognitive  appraisals, anxiety, ego depletion, and
physiological stress responses.

Hypothesis 4: Females will appraise the Stroop task as more threatening
than males.

METHOD

Participants

Of the 106 students who began the study at Murray State University, three were
excluded due to significant data loss or recording errors. Thus, the final sample for data
analysis consisted of 103 undergraduate students (26 male, 75 female, 2 unanswered). Ages
ranged from 18 - 39 (M = 20.13, SD = 2.47). Most participants were White (86.4%),
followed by Biracial (5.7%), Black (3.9%), Hispanic (1.9%), Asian (1%) and American
Indian (1%). For college classification, 34% were Freshmen, 15% Sophomore, 21%
Juniors, and 32% were Seniors. Participants were recruited via the following: flyers hung
in public locations on campus and SONA, a research site hosted by the psychology
department where students complete studies for research exposure and/or extra credit. The
study was reviewed and approved by the local Institutional Review Board.
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Materials

Physiological Measures

A Polar H10 heart rate monitor chest strap (Schaffarczyk et al., 2022) was used to
collect heart rate measures which were analyzed with Kubios software (Tarvainen et al.,
2002), similar to previous BPS research (e.g., Porter & Goolkasian, 2019). A range of
measures were selected based on previous research which analyzed heart rate measures
with respect to the BPS (Uphill et al., 2019) and/or are recommended measures of heart
rate variability when examining stress (Kleiger et al., 2005; Malik et al., 1996). The
following heart rate measures were observed and reported: PNS Index, SNS Index, Mean
RR, Mean HR, SDNN, RMSSD, NN50, pNN50, RR triangular index, TINN, SI (Stress
Index), HFnu, and LF/HF ratio. PNS Index refers to the parasympathetic nervous system,
and higher levels of the PNS Index indicate decreased heart rate and lower stress levels
while the SNS Index refers to the sympathetic nervous system, and higher levels of the
SNS Index indicate increased heart rate and elevated stress levels. Mean RR refers to the
amount of time between heartbeats, and a longer mean indicates a lower heart rate and
higher parasympathetic activity, thus indicating the challenge state. Mean HR indicates an
individual's average heart rate throughout the task, and a higher heart rate is associated with
the threat state. SDNN, RMSSD, NN50, pNN50, RR triangular index, TINN, and HFnu all
indicate greater heart rate variability and stronger parasympathetic activity, consistent with
a lowered stress response, or challenge state. Conversely, the Stress Index and LF/HF ratio
indicate a heightened stress response (a threat state) and is associated with sympathetic
activation.

Anxiety

The state anxiety subscale of the State-Trait Inventory for Cognitive and Somatic
Anxiety-State (STICSA-S; Ree, 2008) was used in the current study. The 21 items are rated
on a scale of 1 (not at all) to 4 (very much so). Subscales for state anxiety (cognitive
Cronbach’s a = .85; somatic Cronbach’s a = .85) and overall (Cronbach’s a = .92) were
used for analyses.

Ego Depletion

Modeling previous research, handgrip duration was measured at baseline and post-
task to assess ego depletion as a function of self-regulation (Goldberg et al., 2017). Briefly,
participants were given the commercially available handgrip (Gold’s Gym HHG-GGO001)
and asked to squeeze the handgrip a few times to assess tension and familiarize themselves
with the handgrip. For pre-test and post-task data collection, a one-inch thick block of wood
was placed in the center of the handgrip and participants were instructed to hold the block
of wood with the handgrip for as long as they could. The amount of time participants held
the block was recorded in seconds by the researcher. This initial amount of time was used
as a pre-test measure and a difference score was calculated by subtracting pre-test from
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post-test duration to examine the grip strength differed based on the manipulation,
consistent with previous research (Ciarocco et al., 2001; Goldberg et al., 2017).

Cognitive Appraisal

The Cognitive Appraisal Scale used by Mendes and colleagues (2007) was used to
validate whether the manipulated instructions resulted in differences in perceptions of the
Stroop Task. The scale consists of 11 items rated on a scale of 1 (strongly disagree) to 7
(strongly agree). Six questions assess demand appraisals (e.g,, “this task is demanding,”
“...1s stressful,” “...is distressing,” “...is threatening”). Five questions assessed resource
appraisals (e.g., “I have the abilities to perform well,” “performing well is important to
me”’). Although Mendes and colleagues (2007) reported acceptable Cronbach’s alphas for
both subscales and analyzed each independently as well as a ratio in their study, the current
study only yielded an acceptable Cronbach’s alpha for the demand subscale (Cronbach’s a
=.79). Internal reliability was unacceptable for both resource items (Cronbach’s a = .63)
and the ratio (Cronbach’s a = .69).

Self-Control

The Brief Self-Control Scale (Tangney et al., 2004) is a 13-item scale which
assesses trait self-control. Items are rated on a scale of 1-(not at all like me) to 5 (very much
like me). Negatively phrased items were recoded and all scores were then summed such
that higher scores indicate higher levels of self-control (Cronbach’s a =.86).

Stroop Task

The Stroop task is a cognitive task that involves executive attention and involves
inhibitory control (Baumeister & Tierney, 2011; Engle, 2002). This study utilized the Color
Stroop with adaptive response deadline version of the task (Draheim et al., 2023).
Participants were presented with the words “red,” “green,” and “blue” one at a time on the
computer screen, and each word was either presented in the same font color as the word
(i.e. “red” in red font; congruent trial) or an interfering font color (i.e. “red” in a blue font
color; incongruent trial). Participants were instructed to choose the font color of the word
for every trial, which was indicated by pressing a red, green, or blue computer key. This
version of the task adjusted based on participant’s performance on the incongruent trials.

Visual and audio feedback were also automatically given when the response deadline was
not met. Performance on this task was measured by participant’s overall reaction time and
overall accuracy.

Manipulation (Stroop Instructions)
Instructions to the Stroop task were created to promote threat or challenge cognitive
appraisals based on previous research (Porter & Goolkasian, 2019). The instructions were
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shown on the screen and read aloud by the researcher before the participant started the
Stroop task. They were as follows:

Challenge Condition. “Research shows that physiological changes when faced
with a challenging task are to prepare your body to help you be successful. Attempt
to do your best on this task. Think of it as an opportunity to help you overcome a
challenge, endure personal growth, and succeed with continued effort. Think of the
task as a challenge to be met and overcome, and that you are capable of meeting
that challenge.”

Threat Condition. “Research suggests performance on this task is related to
intelligence and success in life. Attempt to get every question correct as quickly as
possible. It is very important that you perform this task as quickly and efficiently
as possible. You will be evaluated based on the speed and accuracy of your
responses. Wrong answers will count against you.”

Procedure

The study took place in a research lab on the college campus. Participants selected
a thirty-minute appointment time to participate in an individual session with either the
primary student experimenter or a student research assistant. After reviewing informed
consent, participants completed baseline measures for state anxiety, heart rate variability,
and grip strength. Next, participants were randomly assigned to one of the two conditions—
threat or challenge— which involved instructions tailored toward cognitive appraisals
before taking the Stroop test. Instructions were read aloud and shown on a screen.
Participants then completed the Stroop test. Afterwards, post-task measures were collected
for state anxiety, heart rate variability, and grip strength. In addition, trait self-control,
cognitive appraisal, and demographic questions were assessed (post-test only). Each
session took approximately 30 minutes.

Analyses

Independent t-tests were conducted to examine whether cognitive appraisals
differed between the conditions (challenge and threat) and between biological sexes (male
and female). Pearson’s r correlations were used to examine relationships between scale

variables. When multiple measures were used to examine a single variable (i.e. state

anxiety and physiological anxiety), Bonferroni adjustments were used.
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RESULTS

Preliminary Analyses

To ensure individual differences between groups did not differ before being
randomly assigned to see challenge or threat instructions, independent samples #-tests were
conducted. These preliminary analyses revealed no difference in pre-test scores between
the two conditions (challenge vs threat) (p >.129; see Table 1), enabling the use of
difference scores (post — pre), consistent with previous studies (e.g., Ciarocco et al., 2001;
Goldberg et al., 2017; Tomaka et al., 1997).

Table 1. Results of Independent Samples t-test for Pretest Measures

t df Sig (2-tailed) Cohen’sd  95% CI

Ego-Depletion: Handgrip 1.13 101 262 0.22 -5.92,21.51
Anxiety: Somatic -0.81 101 419 -0.16 -3.31,1.39
Anxiety: Cognitive 0.19 101 .850 -0.04 -1.82,2.21
Anxiety: Total -0.36 101 717 -0.07 -4.95,3.42
PNS Index -1.53 99 129 -0.31 -8.65, 1.11
SNS Index -0.25 99 .804 -0.05 -1.27,1.00
Stress Index -0.01 99 996 0.00 -4.28,4.26
Mean RR 0.10 99 921 0.02 -66.20, 73.21
Mean HR 99 157 -0.14 -9.17,4.51
SDNN 99 501 -0.28 -205.86, 33.76
RMSSD 99 113 -0.32 -313.59, 33.57
NNS50 99 307 -0.20 -12.23,3.89
pNNS50 99 366 -0.18 -13.02, 4.94
RR Tri Index 99 358 -0.18 -2.27,0.83
TINN 99 164 -0.28 -838.48, 144.11
Hfnu 99 794 -0.05 -8.92, 6.84
LF/HF Ratio 99 697 -0.08 -1.93,1.29
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Experimental Validation

The first hypothesis was to examine whether randomly assigned instruction type
(“threat” or “challenge”) resulted in different cognitive appraisals of the Stroop task. Given
the Cognitive Appraisal Scale (Mendes et al., 2007) failed to yield acceptable internal
reliability for the index (overall) and resources subscale, only the demand subscale was
examined to validate the manipulation used in the current study. Participants randomly
assigned to the “threat” instructions reported a significantly higher perception in demand
compared to the “challenge” instructions: #(101) =-1.68, p =.048, d =0.33, 95% CI (-0.72,
0.06). As shown in Figure 1, those in the threat condition displayed an increase in perceived
demand compared to the challenge condition, consistent with the manipulation of the
instructions.
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Figure 1. Cognitive Appraisal Varies Based on Instruction Type
Note: The threat condition was appraised as more demanding, validating the study
design. Error bars represent 95% confidence intervals.

Given quite a bit of previous research had used single questions (one for demand,
one for resource, then an index), and the scale in the current study was not internally
reliable, exploratory independent samples #-test analyses were conducted to examine
whether threat and challenge conditions differed in answers on the 11 individual questions.
Given the multiple comparisons with Bonferroni adjustments, none reached significance.
One question had a large effect size and confidence intervals that warrants consideration -
the threat condition had higher ratings for “This task required a lot of effort” #(101) = -
2.34,p=.011,d=0.46,95% CI (-1.47, -.122). Two questions approached significance but
should be interpreted with even more caution given the multiple comparisons. The threat

The Journal of Integrated Social Sciences ~ ISSN 1942-1052 ~ Volume 15(1) 2025
-10 -




Minor & St. Peters Psychophysiology of Stress

group reported higher ratings for “This task was stressful” #(101) = -1.67, p = .049, d =
0.33,95% CI (-1.15, .10) and lower ratings for “This task was a positive challenge” #101)
=-1.74, p = .042, d = 0.34, 95% CI (-0.06, 0.89). The discussion explores concerns and
considerations related to assessing cognitive appraisal.

Hypothesis 2 stated Participants randomly assigned to the threat instructions will
perform worse on the Stroop task and report higher levels of state anxiety, exhibit more
ego depletion, and exhibit impaired physiological functioning compared to those who are
assigned the challenge instructions.

Independent samples #-tests were used to statistically compare the threat and
challenge conditions on accuracy and reaction time in the Stroop task. Both were non-
significant: accuracy ¢ (101)=0.31, p=.378,d=0.06, 95% CI (-0.03, 0.02); reaction time
t(101)=0.10, p = .466, d = 0.02, 95% CI (-37.96, 41.39).

Ego depletion was measured using grip strength. To be consistent with previous
research, a difference score was calculated. An independent samples #-test yielded no
difference between threat and challenge groups: # (101) =0.51, p =.305, d =0.10, 95% CI
(-4.80, 25.70).

Difference scores were calculated for state anxiety (somatic, cognitive, and total)
as well as 13 indices of physiological stress. Each was examined using an independent
samples t-test to see if differences varied between challenge and threat conditions. None
were significant (see Table 2).

Hypothesis 3 stated Trait self-control will be related to Stroop task performance,
cognitive appraisals, anxiety, ego depletion, and physiological stress responses. Pearson’s
r correlations were used to assess the relationship between trait self-control and each of the
following dependent variables: Stroop task, cognitive appraisal, state anxiety, grip strength,

and heart rate variability. Given the 13 measures selected for heart rate variability, a
Bonferroni adjustment was needed, and no results were thus significant (see Table 3). It
may be worth mentioning that without an adjustment for multiple comparisons, there was
a weak positive relationship between trait self-control and pNN50: » (98) = .200, p = .048
(two-tailed). As stated earlier, pNNS50 indicates stronger parasympathetic activity and is
associated with relaxation and resilience to stress.
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Table 2. No Difference Between Challenge and Threat Instructions

df Sig (2-tailed) Cohen’sd 95% CI
Ego-Depletion: Handgrip 101 610 0.10 -7.63,12.95
Anxiety: Somatic 101 520 0.13 -0.99, 1.95
Anxiety: Cognitive 101 .549 -0.12 -1.70, 0.91
Anxiety: Total 101 943 0.01 -2.25,2.42
PNS Index 61.53 .106 0.33 -0.91, 9.18
SNS Index 72.63 795 -0.05 -1.02, 0.78
Stress Index 75.94 .819 -0.04 -4.04,3.21
Mean RR . 272 0.22 -27.36, 96.11
Mean HR .848 -0.04 -81.03, 66.69
SDNN 143 0.30 -31.83, 214.64
RMSSD 105 0.33 -31.62, 327.54
NN50 .349 0.19 -3.84,10.76

pNN50 .064 0.38 -0.43, 15.19
RR Tri Index 731 0.07 -1.41, 2.01
TINN 159 0.29 -144.14, 863.26
Hfnu 327 -0.20 -73.05, 24.59
LF/HF Ratio 450 0.15 -1.17,2.62
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Table 3. Relationships between Trait Self-Control to Performance
and Psychophysiological Measures

Pearson r
coefficient N Sig (2-tailed)

Cognitive Appraisal -111 102 267

Stroop: Accuracy .023 102 .822
Stroop: Reaction Time -.004 102 .966

Ego-Depletion: Handgrip -.043 102 671

Anxiety: Somatic .055 102 .582
Anxiety: Cognitive 022 102 .830
Anxiety: Total 047 102 .640
PNS Index 182 100 .070
SNS Index - 117 100 248
Stress Index -.090 100 375
Mean RR 171 100 .089
Mean HR -.137 100 173
SDNN 179 100 .075
RMSSD 173 100 .086
NN50 177 100 .078
pNNS50 200 100 .046*
RR Tri Index 116 100 251
TINN .109 100 279
Hfnu -014 100 .892
LF/HF Ratio -.038 100 .673

*Note: with a Bonferonni adjustment, this is non-significant
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Hypothesis 4 stated Females will appraise the Stroop task as more threatening than
males. An independent samples #-test found that females viewed the Stroop task as more
threatening #(99) = -2.02, p = .023, d = 0.46, 95% CI (-0.99, -0.01). To explore whether
this sex difference exists in both challenge and threat conditions, additional independent
samples t-tests were conducted using a Bonferroni adjustment (p = 0.05 /2 =.025 necessary
to achieve significance). Interestingly, as shown in Figure 2, females perceived the
challenge condition to be more threatening #(48) =-2.13, p=.019,d=0.71, 95% CI (-1.35,
-.04). However, there was no difference between male and female appraisals in the threat
condition #49) =-0.97, p = .169, d = 0.30, 95% CI (-1.08, 0.38).

N
L L

Cognitive Appraisal
3] w

Sex

Figure 2. Females Appraised the Challenge Condition as More Threatening
Note: Females appraised the challenge condition as more threatening than males (p =
.019). Error bars represent 95% confidence intervals.

DISCUSSION

The current study used an experimental design to manipulate appraisal type
(challenge or threat) before completing the Stroop task, a common cognitive task sensitive
to stress and fatigue. Grounded in the BPS framework, the manipulation aimed to explore
how contextual appraisal influences physiological stress, anxiety, and ego depletion.
Although the manipulation was validated as it was viewed as more threatening by
participants, no other measure was affected. Trait self-control was also not related to Stroop
task performance, cognitive appraisals, anxiety, ego depletion, or physiological stress.
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Females did appraise the Stroop task as more threatening than male participants,
particularly in the challenge condition, which is further explored below.

Although the primary hypothesis was not supported, this study yields valuable
insights for the field and future studies, particularly within the framework of the BPS.
Indeed, the authors felt it was important to publish these findings to draw attention to the
concerns and criticisms raised, with the goal of promoting more rigorous methodological
and theoretical approaches in future research. Moreover, in a field suffering from a
replication crisis, reporting null findings is essential to fostering transparency, refining
theoretical models by testing their validity, and encouraging sound research as a whole
(Englert & Bertrams, 2021).

Lesson 1: Delivery of Instructions

Previous BPS literature varies with respect to the manner in which the threat and
challenge conditions are assigned and/or observed. That is, some participants were read
aloud instructions by the experimenter (Feinberg & Aiello, 2010), some participants were
presented with an audiotape of instructions (Tomaka et al., 1997), some participants were
presented with additional instructions throughout the task (Porter & Goolkasian, 2019),
and some were provided with positive or negative feedback (Gog et al., 2024). It was
decided in this study that instructions should be read aloud while shown on the screen as a
way to ensure they had been reviewed in their entirety. However, five research assistants
assisted with data collection; four female, one male. Previous research reveals that men’s
voices are perceived as more threatening than female voices (Tompkinson et al., 2024) and
various vocal qualities may influence how the personality of the speaker is perceived
(Pearsell & Pape, 2023). Also, a more thorough review revealed that although not
mentioned in the original research article, Blascovich and Mendes (2000) state that the
audiotaped vocal tones used for the threat and challenge instructions in the Tomaka et al
study (1997) likely contributed “greatly” to the differences in appraisal between the two
conditions. Both read by a male, the “threat” instructions were read in a “staccato and stern
tone”” whereas the challenge instructions were read in a “much more pleasant way.” In fact,
they state “in retrospect, however, we doubt it would have worked without the difference
in affective vocal tone” (Blascovich & Mendes, 2000, p. 75). Thus, it is recommended that
future studies that use audio recording ensure all participants read the instructions under
uniform conditions. And, while different methods of delivering (and in some cases,

emphasizing) challenge and threat conditions exist, future research systematically

examining these experimenter methods can reveal important insights into factors that
influence perceived threat.

A related and seemingly unexplored area in the BPS literature are studies that
employ repeated measures designs so that participants respond to both challenge and threat
conditions. This would enable more clear comparisons of how individual factors of the
participants, such as trait self-control, differentially influence appraisals.
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Lesson 2: Assessing Cognitive Appraisal

This leads to another lesson — how to assess cognitive appraisals. In the original
studies there was no measure of cognitive appraisal, rather the manipulation itself was used
to differentiate groups (e.g., Speisman et al., 1964). However, Tomaka and colleagues
(1997) introduced having participants self-report their cognitive appraisal of the situation.
For instance, they asked participants two questions related to how the participant viewed a
mental arithmetic task after hearing instructions but before completing the task (“how
threatening...” and “how able are you to cope...”) to create an overall appraisal index and
found it differentiated the two groups. Other researchers also only used two questions but
focused more on the BPS concept of overall threat appraisals consisting of both demand
and ability. Thus, one question was used to assess demand (e.g., “this task is very
demanding”) and one related to ability (e.g., “I have the resources to perform [task]
successfully”), and then use those responses to create a ratio (e.g., Mendes et al., 2001;
O’Brien et al., 2021; Porter & Goolkasian, 2019). These results were less consistent. Porter
and Goolkasian (2019) found that their manipulation of assigning people to threat and
challenge conditions resulted in different self-report appraisals. In this study, the two
questions were examined individually. Mendes et al. (2001) found no difference in
perceptions of demands, but did report a difference in perceived resources (p <.01) and in
the ratio of the two (p <.04), but did not adjust for multiple comparisons. The current study
used an 11-item cognitive appraisal scale originally employed by Mendes and colleagues
(2007). However, unlike their findings, the scale in the current study did not demonstrate
acceptable internal reliability for the overall index or the “resource” subscale. Blascovich
and Mendes (2000) discussed the need to expand and reframe appraisals to acknowledge
the complexity and interplay between demand and resource appraisals, the additional
factors that likely contribute (e.g., perceptions of danger, affective cues, cognition), and
that both non-conscious and conscious appraisals may occur in parallel. More research is
needed exploring ways to measure both conscious and non-conscious cognitive appraisals
in a reliable manner consistent with BPS.

Further, Blascovich and Mendes (2000) discuss the iterative nature of the appraisal
process in that it occurs before and during the actual task performance and can change

throughout. The current study only assessed conscious cognitive appraisal at the end of the
Stroop task. It is recommended that future studies assess self-report cognitive appraisals
do so at more than one time point — for instance, at the beginning (immediately after being
told the threat or challenge instructions) and at the end of task at a minimum. Future work
aimed to outline “best practices” for assessing self-report cognitive appraisals of BPS
manipulations is essential to promoting consistency and replication in the field.
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Lesson 3: Physiological Measures

It should be noted that physiological responses have several advantages over self-
report stress responses and appraisals as they can be continuous, covert (portions of the
appraisal process may not occur consciously) and there is less room for error (reduces
expectancy effects of investigators and demand characteristics of participants) (Blascovich
& Mendes, 2000; Mendes et al., 2001). Also, a recent experimental study using prospective
teachers found that a social-evaluative threat (having to keep one’s hands in cold water
while being video-taped) did not change self-reported negative affect but did elevate saliva
cortisol (Becker et al., 2023), suggesting that physical stress responses may not always be
supported by self-report.

That being said, additional research is needed to better understand which
physiological measures most reliability predicts challenge and threat states. Results from a
number of studies suggest that heart rate, heart rate variability, skin conductance, and blood
pressure produce differential physiological response profiles for threat and challenge
appraisals (for a review see Blascovich & Mendes, 2000). However, results have been
inconsistent. For instance, Tomaka and colleagues (1997) reported no difference in blood
pressure (systolic or diastolic). Further, Porter and Goolkasian (2019) found that
participants who received threat appraisal instructions had more sympathetic activity
(lower RMSSD) but only in the first 5 minutes of the game — activity returned to similar
levels to that of the challenge group after the first five minutes. Such results align with the
more nuanced view that cognitive appraisals are an ongoing process that can adjust
throughout a single situation, and also aligns with other parallel theories of stress, such as
Selye’s General Adaptation Syndrome (Selye, 1946), by suggesting that some changes may
only occur in the early stages of confronting a stressor (in the “alarm”) stage, and that the
body then adjusts in the adaptation stage. Thus, based on current results and a thorough
review of the literature, a recommendation for future research when measuring stress
responses to a situation, both self-report cognitive appraisals and physiological indices
should be measured throughout the task when possible, not just at the beginning or end.

Due to concerns raised by Uphill and colleagues (2019) that BPS research relies
too heavily on sympathetic markers, a variety of both sympathetic and parasympathetic
markers were measured in the current study. The use of numerous measures required an

adjustment for the multiple comparisons and yet, the only measure to approach significance
was a parasympathetic indicator. Examining and refining which biomarkers best
differentiate physiological responses to challenge and threat states can lead to more
consistent research and a more informed understanding of how perceptions of stressors can
differentially affect our stress response systems.

Lesson 4: Other Factors to Consider
Along these lines, the current study found that females viewed the overall task and

the challenge instructions in particular, as more threatening than the male participants. This
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is consistent with previous research by Wieringa (2020) who found that females were more
likely to appraise a vignette as more threatening compared to men, although they admitted
their sample was predominantly women and should be interpreted cautiously. Most of the
other BPS research failed to examine potential sex differences. Given that 72.8% of
participants in the current study were female, future studies should consider examining sex
differences in cognitive appraisals and stress responses.

Lesson 5: General Methodological Considerations

In hindsight, several flaws in our research design are apparent. One is that pre-test
physiological data was taken approximately 5 minutes upon entering the lab. This protocol
was determined in an effort to reduce the total amount of time required of participants, as
no monetary compensation was provided and recruiting adequate numbers of participants
has been a notable concern at the university. Participants’ physiological output may have
been elevated due to a variety of reasons (such as climbing three sets of stairs to get to the
lab, having difficulty finding the lab, initial anxiety about participating in an in-person
study, etc), which could have served as a confound for the study. A longer resting period
may provide a more consistent baseline.

Another area that deserves more careful consideration is in the task selected. Ego-
depletion studies have varied widely and researchers acknowledge there is no broad
consensus for what constitutes a valid self-control task (for a review see Englert &
Bertrams, 2021). The Stroop task was selected as a result of its ego-depleting nature and
implementation in previous BPS research (Jamieson et al., 2012; Turner et al., 2012). The
particular variant used in the current study with an adaptive response deadline version was
chosen due to its accessibility. This version adjusts based on participant performance in the
form of reaction time and accuracy. Moreover, if the participant response deadline was not
met (i.e. the color was not selected quickly enough), then an audio tone would play and the
following was presented onscreen in red letters: TOO SLOW! GO FASTER! Considering
the fact that negative feedback was implemented according to participant performance as
opposed to condition, it is possible that this could have interfered with the intended
challenge and threat manipulation. As a result, future studies are encouraged to select a
task that does not modify feedback based on performance for better experimental control.
In this case, utilizing a Stroop task version which is either consistent across groups or
provides negative feedback only in the threat condition is recommended. On a broader
level, the discrepancies in variations, length, and number of trials used in the Stroop task
make replication difficult. As stated by previous researchers (e.g., Englert & Bertrams,
2021), there 1s a need to operationalize experimental methods when using the Stroop task
for consistency in the field.

Another consideration related to using the Stroop task is the general concern of
using a task in a research lab with only a student researcher as it does not share the same
characteristics as other mental stressors. Similar to concerns raised by Porter and
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Goolkasian (2019), the current study was conducted in a lab setting with no real
“consequence” of performance (e.g., no one beyond the student researcher or participant
would know and it did not impact their grade in a class, et cet). Along that same vein, there
is controversy in the ego depletion literature as some worry about the lack of consideration
for alternative explanations and moderators in understanding results (e.g., Hagger et al.,
2010).

It is recommended that future studies select tasks that involve social or self-
evaluation related to task performance, as outlined by Blascovich and Tomaka (1996). Yet,
previous research emphasizes the importance of varying task type to examine the
applicability of BPS (Feinberg & Aiello, 2010). Thus, future studies could compare the
various methodological approaches, such as having participants deliver a speech or take an
arithmetic task as opposed to (or in addition to) taking the Stroop task. Indeed, using a
variety of tasks specific to college student expectations can be used to provide converging
insights into this particular population, as can tasks and situations more similar to
workplace experiences. And, although random assignment to conditions provides greater
experimental control, how BPS is evidenced in perception of non-manipulated measures
provides yet another lens for understanding applicability in the real world.

Conclusions

This study found minimal evidence of any psychophysiological indices being
impacted by an experimental manipulation that induced threat or challenge conditions.
Stroop task performance, ego depletion, anxiety, and physiological stress were unaffected.
Trait self-control was not related to any of these measures. Females did appraise the
challenge condition as more threatening, which is insightful given a large body of the
current BPS literature failed to explore sex differences. While this study produced mostly
non-significant results, it offers important considerations that lay the groundwork for future
research aimed at addressing the broader stress crisis in society.

Stress affects a large portion of the population and has been linked to declines in
academic performance, workplace productivity, and overall health (Barbayannis et al.,
2022; Sohail & Rehman, 2015). Although grounded in psychological theory, the findings
of this study hold relevance for the broader social sciences, particularly how we
conceptualize and measure the impact of stress on human functioning. The BPS offers a
framework for understanding how individuals interpret stressful situations — either as
opportunities for growth (challenge) or as harmful threats. This interpretive lens is not
exclusive to psychology; it intersects with fields such as education, sociology, business,
healthcare, and public policy, where the stakes of stress and performance are often high.
Whether examining students taking exams, employees navigating deadlines, or
communities responding to crisis, understanding how people appraise stress can offer
insights into motivation, well-being, and decision-making across social contexts.
Importantly, the study underscores how individual and situational factors — from sex
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differences to the tone of instructions — likely shape stress appraisals and resulting
behaviors.

Moreover, the challenges and methodological lessons learned from this study serve
as a call for greater interdisciplinary dialogue in designing and interpreting stress research.
Inconsistent results in physiological and cognitive stress measures point to a larger issue
that spans disciplines: the need for robust, replicable methodologies that consider the
complexity of human experience. As stress continues to affect populations globally,
interdisciplinary research informed by psychological frameworks like the BPS model can
help the social sciences develop more precise interventions and policies that support human

resilience and performance. By critically examining how stress is framed, measured, and

experienced, we can better equip educators, leaders, and healthcare providers with tools
that empower individuals — not only to manage stress, but to potentially reframe it in ways
that enhance functioning and reduce harm.
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