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Abstract 
The objective of this study was to measure the effects of a condensed 90 
minute Biofeedback Training (BFT) method on stress response and decision 
making performance under stress. Forty one novice male participants received 
either BFT training, which incorporated diaphragmatic breathing with Stress 
Inoculation Training (SIT), or a control training task. Participants completed 
pre- and post-training assessments which incorporated a socio evaluative 
stress induction method followed immediately by performance of a simula-
tion-based decision making under stress scenario. Stress was assessed using 
real-time physiological measures of the Autonomic Nervous System (ANS) 
response and cortisol measures of the Hypothalamic-Pituitary-Adrenal (HPA) 
axis stress response. Perceived stress was measured using the state portion of 
the State Trait Anxiety Inventory and decision making performance was as-
sessed during scenario performance. Results showed that participants in the 
BFT condition experienced a significant reduction in cortisol from pre-train- 
ing to post-training, while the control group did not. However, BFT partici-
pants did not experience statistically significant reductions in ANS stress re-
sponse or in perceived stress compared to the control group. Participants in 
the biofeedback group experienced greater improvements in performance 
from pre-training to post-training compared to the control group; however, 
these results only approached statistical significance (p = 0.09). These results 
suggest that the condensed BFT method has the potential to impart the 
knowledge and skills necessary to implement the biofeedback-based coping 
mechanisms; however, it may require additional practice time to allow the 
technique to be utilized more effectively. 
 

Keywords 
Physiological Stress, Biofeedback, Stress Training, Cortisol 

How to cite this paper: Carroll, M. and 
Winslow, B. (2017) Examination of the 
Impact of Condensed Biofeedback Training 
on Acute Stress Responses. Journal of Be-
havioral and Brain Science, 7, 287-303. 
https://doi.org/10.4236/jbbs.2017.77021  
 
Received: May 27, 2017 
Accepted: July 9, 2017 
Published: July 13, 2017   
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

   
Open Access

http://www.scirp.org/journal/jbbs
https://doi.org/10.4236/jbbs.2017.77021
http://www.scirp.org
https://doi.org/10.4236/jbbs.2017.77021
http://creativecommons.org/licenses/by/4.0/


M. Carroll, B. Winslow   
 

288 

1. Introduction 

Stress is a central aspect of human life. While exposure to moderate, acute stress 
is associated with improved performance, long-term severe stress can reduce 
fine motor performance [1], attention [2], and cognitive function [3] due to bio-
logical and neural mechanisms. Unmitigated stress is associated with a number 
of disease states including cardiovascular disease, depression, and cancer [4], 
and with a significant reduction in productivity [5]. Extended exposure to stress or 
exposure to severe traumatic stressors are associated with an increased likelihood 
of developing clinical stress disorders such as major depressive disorder (MDD), 
post-traumatic stress disorder (PTSD), or suicide ideation and attempt [6].  

One group that may be at increased risk for stress-related illness is active duty 
military. Previous research has indicated that survival training and battlefield 
stress impairs working memory, reaction time, and visual-spatial capacity which 
can lead to operational or battlefield errors [1] [7]. Combat stress has also been 
shown to affect midbrain activity and attention, including reduced functional 
connectivity between the prefrontal cortex and midbrain, which persisted at an 
18 month follow-up [3]. Surging military rates of PTSD [8] and suicide in the 
wake of the US military operations in the Middle East [9], illustrate the need for 
training to prepare individuals to recognize and cope with severe stress both 
during performance and in the aftermath. 

There are a range of training methods that have shown to be effective in im-
proving an individual’s ability to cope with stress. Training programs such as 
mindfulness-based training [10] [11] which incorporate aspects of meditation, 
breathing, and yoga exercises, have shown positive impacts on the ability of in-
dividuals to cope with and recover from stress, including stressors faced in mili-
tary operations [12]. Cognitive behavioral therapy (CBT), a method based on the 
belief that dysfunctional behaviors are often cognitively mediated, and which 
therefore targets the dysfunctional thinking, has been shown effective in reduc-
ing PTSD symptoms and depression and anxiety [13] [14]. An emerging method 
which has been shown effective in mitigating stress effects across multiple stres-
sor and implementation methods is biofeedback training. 

Biofeedback Training 

Biofeedback is a process by which individuals learn to identify and alter auto-
nomic nervous system (ANS) functions such as cardiovascular activity, muscle 
tone, or sweat activity by monitoring physiological responses to stress [15]. Bio-
feedback Training (BFT) techniques typically encompass three stages wherein a 
trainee 1) acquires awareness of maladaptive physiological responses, 2) learns 
to control the response utilizing techniques such as deep breathing and passive 
muscle relaxation and 3) learns to transfer this control to everyday life [15]. BFT 
has been implemented with a wide range of physiological monitoring equipment 
as well as via manual self-monitoring with the goal of enabling participants to 
integrate the methods into their everyday life without the aid of monitoring 
technology [15].  
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has been shown effective in reducing stress associated with a range of different 
medical conditions including anxiety, chronic pain, epilepsy and hypertension 
[16], as well as stress associated with everyday hassles [17], military combat [18], 
and sports competitions [19]. These successes have been demonstrated across a 
broad range of implementation techniques, including in conjunction with phys-
ical therapy [20] and psychotherapy [21]. BFT is often implemented in the con-
text of stress exposure strategies such as Stress Inoculation Training (SIT) [22], 
Stress Exposure Training (SET) [23] and Stress Management Training (SMT) 
[24] [25], techniques which incorporate a similar three phase approach, that in-
volves: 1) an education phase to help the trainee better understand the nature of 
stress and stress effects, 2) a skill acquisition and rehearsal phase to facilitate de-
velopment and practice a repertoire of coping skills and 3) an application phase 
in which coping skills are applied in conditions that increasingly approximate 
the transfer environment. Each of these techniques have been shown to be effec-
tive in increasing a trainee’s ability to cope with stress both in isolation [22] [24] 
[26] [27] as well as when combined with BFT [24] [28]. For example, one group 
recently conducted a study in which biofeedback was used in conjunction with 
the stress management skill of diaphragmatic breathing during a horror first 
person shooter (FPS) videogame [24]. Prior to this measure, participants as-
signed to the SMT condition were able to practice the breathing technique while 
playing a videogame. Those involved in this condition had significantly lower 
salivary cortisol (a key physiological indicator of hypothalamic–pituitary– 
adrenal [HPA] axis stress response) both immediately before and after the si-
mulation when compared to a control group. The participants were adequately 
trained in SMT; all had previously received SMT prior to the experiment, and 
the experimental process provided participants with three separate 30-minute 
training sessions as well as 15-minute refresher briefings over the course of three 
days.  

One challenge with this method is that general guidelines for BFT state that it 
is necessary for individuals to take an active role in practicing in order to devel-
op the skill [16]. Although there are discrepancies between the length of time 
needed for practice, many successful BFT studies, which have found significant 
reductions in physiological and perceived stress response, incorporate multiple 
training sessions in order to ensure that participants properly acquire the new 
technique they practiced [21] [24] [29] [30]. Further, much of the previous BFT 
research has utilized significant training time (e.g., multiple weeks of training) to 
produce significant quantitative and qualitative outcomes [17] [31] [19] [32]. 

Often, in domains such as the military and given the current pace of our cul-
ture, training that requires participation over weeks or even multiple days may 
prove infeasible or enough of a barrier that the training will not be pursued. If a 
BFT method could be condensed into a single short session, individuals would 
be more likely to participate and organizations such as the military would be 
more likely to implement it. However, there are only a limited number of studies 
exploring whether or not stress coping skills can be effectively trained utilizing 
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such a condensed BFT method and if such a method can facilitate the same re-
ductions in physiological stress response and perceived stress. One group ex-
amined the impact of a 90 minute BFT/SIT method on participants who rated 
high in test anxiety and, when compared to no training, reported significant de-
creases in test anxiety (via the Test Anxiety Index) and perceived stress (via the 
Autonomic Perception Questionnaire and the State-Trait Anxiety Inventory 
(STAI)) [33]. Another group examined the impact of BFT on military partici-
pants during pre-deployment training and found that a 20 minute BFT session 
resulted in significant decreases in ANS response, as measured by HRV, during 
assessment in a multimedia combat stress environment. These studies suggest 
that a condensed BFT may provide adequate training to facilitate participants’ 
successful learning and implementation of the biofeedback technique to reduce 
subsequent stress response [18].  

2. Research Study Objectives 

The objective of this experimental study was to measure the effects of a condensed 
90 minute BFT training method, which incorporates SIT and diaphragmatic 
breathing, on stress response and decision making performance under stress. To 
achieve this, participants received a socio evaluative stress induction technique 
immediately followed by performance of a simulated decision making under stress 
task, both before and after receiving training per their treatment condition (either 
BFT or a control training task). Physiological stress response (including indicators 
of both ANS and HPA stress response) and performance were monitored during 
the pre- and post-training phases and changes across the training sessions were 
compared between groups to determine the effectiveness of the condensed BFT 
method. It was hypothesized that the BFT condition would demonstrate signifi-
cant decreases in stress response and significant increases in performance from 
pre-training to post-training compared to the control condition. 

3. Methods 
3.1. Participants 

All methods involving participants were approved by an independent Institu-
tional Review Board (Copernicus Group, Durham, NC). All participants were 
recruited from ads distributed at local universities and were prescreened in a 
telephone interview to ensure that they met minimum requirements including 
age (18 - 35), normal visual acuity, and no medical conditions such as endocrine 
disorders. Forty one novice male participants [average age 21.0 ± 2.2 (SD) years] 
completed and received payment of $100 USD for participation in the study. 
Further, all participants scored within the normal range of the Connor-Davidson 
Resilience Scale (CD-RISC), indicating normal stress coping abilities. Exclusion 
criteria were chosen to approximate US Marine small unit leaders. 

3.2. Experimental Design 

The experimental design was a between subjects repeated measures design with a 



M. Carroll, B. Winslow 
 

291 

between subjects independent variable of training type (BFT vs. control) and a 
within subjects independent variable of trial (pre-training vs. post-training). 
There were 21 participants in the BFT group and 20 participants in the control 
group. 

3.3. Experimental Procedure 

The experimental procedure is overviewed in Figure 1 below. Participants ar-
rived between 8:00 and 8:30 AM, provided written informed consent, completed 
a demographics questionnaire, and the state portion of the STAI [34], previously 
shown to have a high test-retest reliability with situational stress [35]. Wireless 
physiological sensors were then placed on the participants, followed by a five- 
minute recording of baseline physiological activity while participants remained 
seated. Participants were instructed prior to arrival to abstain from eating, 
drinking, and smoking for one hour prior to arrival. Participants rinsed with 
water, then provided a saliva sample for baseline cortisol measurement via pas-
sive drool, which was immediately frozen.  

All participants then received familiarization training on the Virtual Battle 
Space 2 (VBS2) desktop simulator and completed a practice scenario similar to 
the scenarios used in the pre- and post-training phases. Next, participants com-
pleted the pre-training phase of the experiment, which included a stress induc-
tion phase followed immediately by performance of the pre-training decision 
making under stress simulation scenario. The stress induction phase utilized ei-
ther the Trier Social Stress Test (TSST; [36]), or the Socio-Evaluative Cold Press 
or Test (SECPT; [37]). The TSST is a well-established socio evaluative stressor 
consisting of 5 minutes each of: anticipatory stress; oral presentation; and mental 
arithmetic. The SECPT is a socio evaluative stressor that involves the participant 
immersing their full hand past their wrist in a bowl of ice water while being ob-
served by a participant of the opposite sex [37]. Participants were then randomly 
assigned to either the BFT condition or the control condition and received 
training per their condition as described below. Following training, the partici-
pants completed the post-training phase of the experiment which included a 
stress induction phase followed immediately by performance of a different si-
mulation-based decision making under stress scenario. All simulation scenarios  

 

 
Figure 1. Experimental procedure. Following baseline physiological recording and familiarization with the 
simulator, participants were exposed to either the TSST or SECPT pre-training stressor. The pre-training 
simulation scenario followed immediately, followed by either BFT or control training. Following training, 
either the TSST or SECPT was presented as a post-training stressor, followed by post-training simulation 
scenario. B, baseline period; C, saliva sample for cortisol measurement; ECG, electrocardiogram measure-
ment; EDA, electrodermal activity measurement; S, STAI administration.  
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were approximately 15 - 20 minutes in length and included navigating through a 
virtual environment on a desktop PC utilizing a keyboard and mouse and mon-
itoring auditory cues via a headset. Each scenario required the participant to re-
spond to five stressful decision events with varying levels of unpredictability, 
uncontrollability, novelty, duration and intensity, five dimensions shown to im-
pact stress response [38] [39]. In order to ensure each participant received a 
novel stressor during each stress induction phase, the stress induction tech-
niques were counterbalanced with half of the participants in each treatment 
condition receiving the TSST in the pre-training phase and SECPT in the 
post-training and the other half of the participants in each treatment condition 
receiving the SECPT in the pre-training and the TSST in the post-training. Fol-
lowing the post-training phase, participants were debriefed and paid for their 
participation. The experiment lasted approximately four hours. 

Physiological measures were captured throughout the baseline and stress in-
duction phases. Cortisol and STAI measures were captured immediately follow-
ing the baseline, pre-training and post-training phases. Performance was as-
sessed throughout the simulation scenarios. 

3.4. Treatment Conditions 

Both treatment conditions followed a three-phase model similar to the BFT/SIT 
model discussed above, including: education (approx. 10 minutes), acquisition 
(approx. 15 minutes) and application (approx. 60 minutes). Total training time 
was approximately 85 minutes. For the BFT condition, the education phase con-
sisted of a 10 - 15 minute PowerPoint presentation focused on stress and its phy-
siological impacts, the BFT method, and instructions on the diaphragmatic 
breathing technique which incorporated: 1) inhaling through the nose deeply, 
and expanding the stomach on a count of four, 2) holding that breath in for a 
count of four, 3) slowly exhaling through the mouth completely, and contracting 
the stomach for a count of four, and 4) holding that empty breath for a count of 
four [40]. During the acquisition phase, BFT participants recalled a series of par-
ticularly high-stress events (as used in [41]) while first monitoring the impact on 
their heart rate (an aural tone would sound when significantly higher than aver-
age baseline) and then attempting to lower their respiration and heart rate using 
the diaphragmatic breathing technique (as guided through the above four step 
process by a mobile application). During the application phase, BFT participants 
performed two decision making under stress simulation scenarios as described 
in [42] after being encouraged to incorporate the diaphragmatic breathing tech-
nique whenever they felt stressed and/or whenever they heard the aural tone in-
dicating their heart rate was elevated. For the control condition, the education 
phase consisted of a 10 - 15 minute PowerPoint presentation focused on teach-
ing the Simple Triage And Rapid Treatment (START) combat triage technique 
method and how to categorize patients into the different triage categories based 
on a series of cues. During the acquisition phase, the control condition partici-
pants were given a series of scenarios in which they practiced categorizing par-
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ticipants into the various triage categories. During the application phase, control 
participants performed two decision making under stress simulation scenarios. 

3.5. Measures 

Stress was assessed using real-time physiological measures of ANS response and 
cortisol measures of the HPA axis. Participants were fitted with a 3-lead electro-
cardiogram (ECG) with bandlimits set between 1 and 35 Hz, and palmar elec-
trodermal activity (EDA) on the 4th and 5th fingers of the non-dominant hand 
with bandlimits set between DC and 10 Hz. All physiological data was sampled 
at 500 Hz and wirelessly sent to an MP-150 system running Acq Knowledge 
software (Biopac Systems, Goleta CA). Gain was set on ECG channels to 2000. 
The EDA data was run through digital bandpass filters at 1 and 0.05 Hz, fol-
lowed by thresholding between 0.05 and 0.051 µS to identify electrodermal res-
ponses (EDR), which were quantified at a per minute rate. Heart rate was calcu-
lated from the R-R interval from the ECG, with intervals <40 bpm and >180 
bpm excluded from the analysis. Briefly, baseline inter-beat interval (IBI) and 
heart rate (HR) data were used to normalize raw HR and IBI data throughout 
the study, in 1 minute non-overlapping windows, and a 2-featuer linear model 
classifier was utilized to detect stress response. ANS stress response was quanti-
fied using methods described in [6]. Briefly, baseline HR and EDA were used to 
normalize real-time HR and EDA data. Normalized data was then subjected to a 
2-feature linear model classifier which audibly alerted the participant when ANS 
stress was observed [43]. Salivary cortisol indicative of HPA stress response was 
measured by standard ELISA (Salimetrics, Carlsbad CA intra-assay CV = 4.5%, 
inter-assay CV = 5.8%).  

Perceived stress was measured at baseline and immediately following 
pre-training and post-training phases using the state portion of the STAI [34]. 
The STAI consists of 20 statements, and participants rank how closely the state-
ment matches how they feel currently. Scores range from 20 to 80, with higher 
scores indicating the presence of higher levels of stress. 

Performance was measured within the simulation scenarios utilizing a re-
searcher event-based evaluation checklist. For each of the five decision events in 
each scenario, observers captured participant decision making performance 
based on how well participants effectively observed critical cues, assessed the 
situation, selected an appropriate response and executed it. These scores were 
averaged across the five events of each scenario resulting in a scenario decision 
making performance score ranging from 0% - 100%. 

3.6. Data Analysis 

To account for individual differences, pre- and post-training cortisol and STAI 
measures were baseline normalized by dividing the difference between actual 
and baseline values by the baseline value. This resulted in percent change from 
baseline scores for cortisol and perceived stress. The data was then screened for 
missing physiological data and outliers; those participants who were missing a 
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significant amount of physiological data or had ANS stress response data or cor-
tisol data greater than two standard deviations from the mean during baseline, 
pre-training or post-training phases were excluded. The ANS stress response 
data that was outside of these thresholds were removed as it appeared to be due 
to sensor issues (e.g., loss of conductivity, broken leads, etc.). This resulted in in-
clusion of 31 participants, 17 within the BFT condition and 14 within the control 
condition. Socio demographic data associated with these 31 participants is 
summarized in Table 1 below. 

Analysis of Variance (ANOVA) were performed with a within subjects factor 
of trial (pre-training vs. post-training) and a between subjects factor of condition 
(BFT vs. control) for measures of ANS stress response, cortisol, STAI and per-
formance.  

4. Results 
4.1. Autonomic Nervous System (ANS) Response 

Table 2 below shows the means and standard deviations of the unit-less, base-
line normalized ANS stress response score for the BFT and control condition 
participants. The repeated measures ANOVA revealed that there was a signifi-
cant trial effect for ANS stress response (F(1, 29) = 7.57, p = 0.01; η2 = 0.21), 
with ANS stress response decreasing significantly for all participants from  

 
Table 1. Socio demographic factors of study sample. Participants were an average age of 
21.0 ± 2.2 years, and were generally currently pursuing a college education and had nor-
mal stress coping abilities as indicated by the Connors Davidson Resilience Scale (CD- 
RISC). 

 Study sample % (n) 

Age Group  

18 - 20 38.7 (12) 

21 - 23 45.2 (14) 

24 - 26 16.1 (5) 

Education  

High School Diploma 32.3 (10) 

Some College/University 48.4 (15) 

University Degree 19.4 (6) 

 Mean (SD) 

CD-RISC 76.7 (9.96) 

 
Table 2. ANS Stress response means and standard deviations. 

Stress (No Unit) 
Biofeedback Training Control Condition 

Mean SD Mean SD 

Pre-training 58.29 27.95 61.43 22.62 

Post-training 43.59 33.14 51.71 20.02 
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Figure 2. ANS stress response. Both the BFT and control groups significantly reduced 
ANS stress over the course of the experiment. No statistically significant group differenc-
es were observed. 

 
Table 3. Cortisol percent change from baseline means and standard deviations. 

Cortisol (% Change) 
Biofeedback Training Control Condition 

Mean SD Mean SD 

Pre-training 0.02 0.23 0.00 0.12 

Post-training −0.04 0.21 0.12 0.29 

 
pre-training to post-training. There was not a significant group effect (F(1, 29) = 
0.43, p = 0.52; η2 = 0.01) or trial by group interaction (F(1, 29) = 0.32, p = 0.58; 
η2 = 0.01) for ANS stress response. See Figure 2. 

4.2. Cortisol Response (HPA Stress Response) 

Table 3 shows the means and standard deviations of the cortisol percent change 
from baseline for the BFT and control condition participants. The repeated 
measures ANOVA revealed that there was not a significant trial effect for corti-
sol response (F(1, 29) = 0.46, p = 0.50; η2 = 0.02). There was also not a significant 
group effect (F(1, 29) = 1.11, p = 0.30; η2 = 0.044) for cortisol. There was, how-
ever, a significant trial by group interaction (F(1, 29) = 5.16, p = 0.03; η2 = 0.15) 
for cortisol response, with the BFT group having significantly greater reductions 
in cortisol response from pre-training to post-training compared to the control 
group which showed an increase from pre-training to post-training. See Figure 
3. 

4.3. Perceived Stress 

Table 4 shows the means and standard deviations of the perceived stress percent 
change from baseline for the BFT and control condition participants as meas-
ured by the STAI. There was a significant trial effect for STAI scores (F(1, 29) = 
4.23, p = 0.049; η2 = 0.13), with STAI scores significantly increasing across  
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Table 4. STAI percent change from baseline means and standard deviations. 

STAI (% Change) 
Biofeedback Training Control Condition 

Mean SD Mean SD 

Pre-training 0.32 0.36 0.25 0.29 

Post-training 0.37 0.38 0.47 0.58 

 

 
Figure 3. Cortisol response. The BFT group experienced a significant reduction in corti-
sol from pre-training to post-training, while the control group did not.  

 

 
Figure 4. Perceived stress as measured by STAI percent change from baseline. There was 
a significant increase in STAI scores from pre-training to post-training across both 
groups. 

 
all groups from pre-training to post-training. There was not a significant group 
effect (F(1, 29) = 0.012, p = 0.91; η2 = 0.00) for STAI scores; nor was there a sig-
nificant trial by group interaction (F(1, 29) = 1.81, p = 0.19; η2 = 0.01). See Fig-
ure 4. 
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4.4. Performance 

Table 5 below shows the means and standard deviations of pre-training and 
post-training performance for the BFT and control condition participants. There 
was not a significant trial effect for performance (F(1, 29) = 1.44, p = 0.24; η2 = 
0.05). There was not a significant group effect (F(1, 29) = 0.25, p = 0.62; η2 = 
0.01) for performance, nor was there a significant trial by group interaction (F(1, 
29) = 3.01, p = 0.09; η2 = 0.09). See Figure 5 below. 

5. Discussion 

The objective of this study was to examine the effectiveness of a condensed BFT 
method at reducing acute stress responses and improving performance under 
stress. It was hypothesized that the BFT method would lead to significant reduc-
tions in physiological stress responses as indicated by measures of both the ANS 
(aggregate measure of HR and EDA) and the HPA Axis (cortisol). This hypothe-
sis was partially supported. Participants in the BFT condition did experience a 
significant reduction in cortisol from pre-training to post-training, while the 
control group did not. In fact, BFT participants experienced a 4% decrease in 
cortisol response from baseline compared to the control group who actually ex-
perienced a 12% increase. This is in-line with findings from [17] who found BFT 
led to a decrease in cortisol response compared to an increase in control condi-
tion cortisol response. These levels are also in-line with cortisol reduction levels 

 
Table 5. Performance means and standard deviations. 

Performance (%) 
Biofeedback Training Control Condition 

Mean SD Mean SD 

Pre-training 49 22 59 16 

Post-training 62 19 57 22 

 

 
Figure 5. Performance scores. BFT group experienced greater improvements in perfor-
mance from pre-training to post-training compared to the control group, however, these 
results only approached statistical significance (p = 0.09).  
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observed in [24] who observed an approximate 7% decrease in cortisol from 
baseline after BFT. These findings suggest BFT participants were able to imple-
ment strategies which led to reduction of HPA stress response. However, BFT 
participants did not experience significantly greater reductions in ANS stress 
response compared to control participants. Participants across both groups ex-
hibited significant decreases in ANS stress response from pre-training to post- 
training with BFT participants experiencing a 25% decrease in ANS stress re-
sponse compared to the control group who experienced a 16% decrease. This is 
not in-line with findings associated with longer BFT programs (e.g., [31]) or 
condensed BFT programs [18] both of which found significantly greater shifts in 
cardiac measures such as HRV when compared to a control group. While such 
measures did not reach statistical significance, they may be functionally signifi-
cant. Further, there are several reasons why this difference may not have reached 
statistical significance. The physiological measures utilized to assess ANS activity 
are proxy measures of underlying neural systems and may not reflect precise 
sympathetic activation. In addition, a reduction in physiological metrics asso-
ciated with stress was observed in both the control and experimental group for 
the second stress induction phase, which may be associated with reduced novelty 
to the laboratory environment and experimenters over time [39] [44]. The mag-
nitude of this effect may have served to effectively dilute the BFT training effect. 
Alternatively, the reduction in stress metrics during the course of the experiment 
may be due to natural circadian decay across the duration of the study [45]. 
However, since there was no observation of a decrease in salivary cortisol in the 
control group, we infer the cortisol decrease in the BFT group to be due to the 
shortened BFT training. Previous research has indicated that the results of a 
short term stress intervention on HPA and ANS stress responses may not ma-
nifest immediately, and may take a significant amount of time (several weeks) to 
be manifested [46]. 

An additional hypothesis of the study was that the shortened BFT would lead 
to significant reductions in perceived stress and significant increases in perfor-
mance under stress. Participants in the BFT condition did not experience signif-
icantly greater reductions in perceived stress compared to the control group. On 
the contrary, participants across both groups experienced a significant increase 
in perceived stress as measured by the STAI, however, the BFT condition expe-
rienced only a moderate increase in percent change from baseline (5%) while the 
control participants experienced a much greater increase in percent change from 
baseline (22%). These are not unlike findings from [32] that reported no change 
in perceived stress measured via the STAI after BFT, despite BFT resulting in 
significant decreases in cortisol up to 8 months after the training. Further, ob-
servations between objective and subjective stress markers are frequently not in 
agreement and may be associated with observation or response bias [47]. Partic-
ipants in the biofeedback group also experienced greater improvements in per-
formance from pre-training to post-training compared to the control group, 
however, these results only approached statistical significance (p = 0.09). The 
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BFT group showed a 13% increase from pre-training to post-training compared 
to the control group who experienced a 2% decrease. These results suggest the 
effectiveness of the stress coping strategies learned and implemented by the BFT 
group (as evident by the reduction in cortisol levels) may have led to improved 
decision making performance. This is consistent with decision making under 
stress research which has shown stress to have a range of negative impacts on 
decision making performance including attentional narrowing and reduction in 
environmental scan, perseveration, and reduction in the number and quality of 
alternatives considered [48] [49]. Lack of statistically significant performance 
improvements might be due to potential increases in cognitive load associated 
with monitoring of physiological indicators and implementation of the diaph-
ragmatic breathing technique.  

6. Limitations 

Multiple limitations may have impacted the outcome of the study. Two different 
stressors were utilized in the experiment, since an individual stress induction 
technique will present decreased stressfulness if repeated [39]. To date, there has 
been no quantitative comparison of the TSST and SECPT, but previous research 
has indicated that both stressors have a large impact on cortisol reactivity [36] 
[37]. While the stressors were counterbalanced, there are significant differences 
in the stressor duration and type that may impact the experimental findings. In 
addition, the stress associated with the scenarios was likely perceived to be quite 
low, as has been observed in previous video game-based stress reports [39] [44]. 
An additional limitation was the quality of the physiological sensor data. Due to 
the length of the study and the placement of EDA sensors on the hands while 
asking participants to use their hands to interact with a computer, a number of 
participants experienced significant movement artifact and loss of signal.  

7. Conclusion 

Taken together, these results suggest that the condensed BFT method has the 
potential to impart the knowledge and skills necessary to implement the bio-
feedback-based coping mechanisms; however, it may require additional practice 
time to allow the technique to be utilized more effectively and automatically. 
Future research should also examine the cognitive load associated with imple-
mentation of the BFT technique. Additionally, future research should attempt to 
accomplish such a study over a shorter period of time in order to increase the 
accuracy and reliability of ANS physiological measures and decrease the impact 
of natural circadian decay throughout the day. Future research should also ex-
amine the longitudinal impact of BFT-based stress reduction on the develop-
ment of clinical stress disorders, disease states associated with stress, and resi-
lience in the face of new stressors. 
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