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Abstract

:

Objective: The present research aimed to analyse the autonomic, anxiety, perceived exertion, and self-confidence response during real and simulated flights. Methods: This cross-sectional study participated 12 experienced male pilots (age = 33.08 (5.21)) from the Spanish Air Force. Participants had to complete a real and a simulated flight mission randomly. The heart rate variability (HRV), anxiety, self-confidence, and rating of perceived exertion were collected before and after both manoeuvres, and HRV was also collected during both simulated and real flights. Results: When studying the acute effects of real and simulated flights, the mean heart rate, the R-to-R interval, the cognitive anxiety and the perceived exertion were significantly impacted only by real flights. Furthermore, significant differences in the mean heart rate and RR interval were found when compared to the acute effects of real and simulated flights (with higher acute effects observed in real flights). Additionally, when compared the HRV values during simulated and real flights, significant differences were observed in the RR and heart rate mean (with lower RR interval and higher heart rate mean observed during real flights). Conclusion: Real flights significantly reduced the RR interval and cognitive anxiety while increased the heart rate mean and the rating of perceived exertion, whereas simulated flights did not induce any significant change in the autonomic modulation.
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1. Introduction


Flight simulators have been used in aviation as an economical and safety tool to train pilots, providing a simulated environment which could mimic real conditions [1]. In order to study the transfer between training conditions and aircraft [2], previous studies have used different psychophysiological tools to investigate the cognitive demands of both simulated and real flights [3,4]. This is relevant since this operation requires higher cognitive demands [2,5,6,7] and, therefore, the evaluation of the mental workload has emerged as a cornerstone.



Heart rate variability (HRV) is a non-invasive tool which studies the successive heartbeats variation [8]. This evaluates the balance between sympathetic and parasympathetic nervous systems, as well as it has been considered a measure of heart-brain interaction since it could be modified by cognitive, attentional, anxiogenic, or physical stimulus [9,10,11]. Thus, when the activity of the sympathetic nervous system predominates, the HRV is reduced. Instead, when parasympathetic activity increases, the HRV is higher. For these reasons, the HRV is considered as a cognitive load biomarker [11,12,13].



HRV measures have been performed in military pilots to study the sympathetic activity during flights [14,15]. In this regard, Sauvet, et al. [16] showed that flights induced a progressive decrease of RR intervals, increasing the sympathetic activity. The sympathetic activation could induce increased anaerobic metabolism or increased anxiety and stress perceptions among other psychophysiological effects [17]. Autonomic modulation analysis was used in a military population as a stress marker, showing how different military manoeuvres, independently of land or flight units, produced an increased sympathetic modulation [18]. Moreover, the fatigue induced by flights can also be detected by spirometry, handgrip strength, and stress and exertion rates as previous authors showed in this special population [19,20,21,22].



The development of flight simulators has allowed its use as a way of training, avoiding high-risk conditions with catastrophic consequences. Due to this fact, as well as to economise training (since real flights have enormous costs), the number of real flights has decreased whereas the number of hours in the flight simulator increased. However, the psychophysiological response of these conditions (real and simulated flights) and the comparison between real and simulated flight condition have been poorly studied. Therefore, the aims of the present study were: (1) To analyse the acute effects of a simulated and a real flight in the autonomic modulation, anxiety, perceived exertion, and self-confidence; and (2) to compare the autonomic modulation during a real and a simulated flight. Since flight simulator cannot mimic the physical demands of a real flight, our hypotheses are: (1) The impact of acute effects (on HRV and anxiety) will be higher in the real than in the simulator; and (2) the HRV will be lower during a real flight than during a simulated flight.




2. Materials and Methods


2.1. Participants


Twelve experienced military pilots participate in this cross-sectional study. Pilots had a mean age of 33.08 (5.21) years and an experience of 13.25 (5.15) years of military service. Procedures were approved by the university ethics committee (approval number: 206/2019) as well as pilots agreed to participate in this study, giving written consent. Table 1 shows pilots’ characteristics.




2.2. Procedure


Participants were evaluated before, during and after two flights: (1) A real flight with a F5 aircraft; and (2) a simulated flight with an operational F-5 M (Indra Company, Madrid, Spain) flight simulator. Each protocol, real or simulated flights, were performed on consecutive separate days. The order between simulated and real flights was randomised. The mission, both simulated and real, were the same with: (1) An individual takeoff; (2) G-warm up/G- awareness below FL 180; (3) air–air mission with two set-ups; (4) air–ground attack on the selected target, and (5) landing without reduction of visibility. Both real and flight protocols lasted 45 min. For analysis purposes, the whole protocol duration (with all the manoeuvres) was used to study the HRV during real and simulated flights.



HRV, anxiety, perceived exertion, and self-confidence were assessed immediately after and before real and simulated missions. The HRV baseline was recorded once starting the protocol. Moreover, the HRV was assessed during both real and simulated flight mission. In order to avoid potential confounding factors, participants were asked to not take alcohol, coffee, or caffeinated drinks 24-hours before undergoing the protocol, since their consumption could affect the nervous system, and, therefore, HRV variables. None of the participants had smoking habits or took cardioactive medication such as antidepressant, antipsychotic, or antihypertensive medication [23].




2.3. HRV Acquisition and Preprocessing Steps


The HRV was recorded using a reliable heart rate monitor (Polar RS800CX, Oy, Kempele, Finland) [24] and analysed with the Kubios HRV software (v. 3.3) [25]. The Task Force’s recommendations of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology [26] were followed in this study. Thus, the baseline measure lasted 5 min (which is considered a short-term record). RR data recorded by the heart rate monitor was exported to the Kubios HRV software where different preprocessing steps were applied. In this regard, a middle filter was applied to correct possible artefacts. Those RR intervals which are shorter/longer than 0.25 s, compared to previous beats average were automatically identified, as well as they were replaced by cubic spline interpolation [27,28].




2.4. Outcomes


2.4.1. HRV


Time, frequency and non-linear variables were calculated using the Kubios HRV software. In the time domain, the mean heart rate (mean HR), RR intervals, RR50 count divided by the total number of all RR ranges (Pnn50), and the square root of differences between adjacent RR intervals (RMSSD) were extracted. In the frequency domain, the low frequency (LF, 0.04–0.15 Hz) and high frequency (HF, 0.15–0.4 Hz) ratio (LF/HF) and Total Power were included. The non-linear measures, such as RR variability from heartbeat to short term Poincaré graph (width) (SD1) and RR variability from heartbeat to long term Poincaré graph (length) (SD2). Further information regarding HRV variables can be found in the following articles [9,29].




2.4.2. Anxiety Measurements


The Competitive State Anxiety Inventory-2R (CSAI-2R) (Spanish version) was used to assess the pre-competitive anxiety of the participants [30,31]. This questionnaire has 17 items, where cognitive anxiety, somatic anxiety and self-confidence can be extracted. Moreover, anxiety was also measured by the State-Trait Anxiety Inventory (STAI-E) (Spielberger et al., 1971), which consisted of 20 items and where the participants reported their state of anxiety at that time. The score range for the test is 20–80, indicating a higher level of anxiety a higher score [32]. Additionally, the perceived exertion was assessed by the rating of perceived exertion (RPE) 6–20 scale [33].





2.5. Statistical Analysis


The SPSS statistical package (version 20.0; SPSS, Inc., Chicago, IL, USA) was used to analyse the data. Following the results of a Shapiro–Wilk test, non-parametric tests were employed.



The Wilcoxon signed-rank test was used to examine the difference between the pre- and post-measures for each variable. Moreover, in order to compare the impact of real vs. simulated flight, the post-values were normalised (by subtracting the baseline). Effect sizes [r] were calculated for the non-parametric tests, classified as follows: 0.5 is a large effect, 0.3 is a medium effect and 0.1 is a small effect [34,35].





3. Results


3.1. HRV and Perceived Anxiety and Self-Confidence before and after a Real and a Simulated Flight


Table 2 shows the acute effects of a real vs. a simulated flight mission on the HRV of experienced pilots. Significant results were obtained in the mean HR and RR variables (p-value < 0.05) when compared the baseline and the post-measure after a real flight. Regarding simulated flight, significant differences were not found between baseline and post-measure. Moreover, significant differences were obtained when compared to real vs. simulated flight. In this regard, significant differences were found in mean HR and RR, indicating higher mean HR and lower RR intervals after a real flight.



Table 3 shows the acute effects of a real and a simulated flight mission on the rating of perceived exertion, anxiety, and self-confidence of experienced military pilots. In this regard, differences between baseline and post-measure were found in the rating of perceived exertion (p-value = 0.010) and the cognitive anxiety (p-value 0.024), showing an increased rating of perceived exertion and lower cognitive anxiety after a real flight. Regarding differences between real and simulated flight, statistically, and significant differences were not achieved by any of the studied variables.




3.2. HRV during a Real and a Simulated Flight


Table 4 shows the HRV during simulated and real flights. Results showed significant differences between real and simulated flights, exhibiting higher mean HR and lower RR interval during a real flight.





4. Discussion


This study aimed to analyse the autonomic, anxiety, perceived exertion, and self-confidence response during real and simulated flight. Regarding the first hypothesis, “the impact of acute effects (on HRV and anxiety) will be higher in the real than in the simulator”, cannot be accepted since not all the variables reached the significance level (p-value < 0.05). Only significant differences (between baseline and post measures) were found in the mean HR, RR interval, cognitive anxiety and perceived exertion in the real flight. Moreover, significant differences in the acute effects were observed in the mean HR and RR intervals between real and simulated flights (with significantly higher values of mean HR and lower RR interval values after the real flight). Regarding the second hypothesis, “the HRV will be lower during a real flight than during a simulated flight” cannot be totally accepted since only mean HR and RR interval showed significant differences between real and simulated flights. Higher values of mean HR and lower values of RR interval were observed during real flights.



These results highlighted the importance of flight simulator for training purposes in pilots. Not all the expected differences were reached, which could mean that planning and task design of the simulated task are close to the real condition. However, since the simulator cannot mimic the G forces or vibration, the significant differences which can be observed in the RR interval, mean HR, and perceived exertion can be derived from the physical demands of real flights. Furthermore, the differences in the cognitive anxiety observed before a real and simulated flight can be due to the responsibility and risk derived from real flights. Therefore, in order to totally mimic real conditions, future flight simulators should incorporate immersive virtual reality technology simulating G forces and vibration. Additionally, the relevant information that provides the HRV (in both cognitive and physical spheres) could be used to design more individualised training controlling the training load and therefore increasing the efficiency and the performance of pilots during flights.



The study of the HRV informed about the balance between parasympathetic and sympathetic nervous systems. Previous studies in aviation field showed how simulated and real flights could reduce the HRV [3,5,15,21]. This is relevant due to the negative impact of increased sympathetic activity that produces a reduction in memory and decision making processes [36,37]. However, our results showed that HR mean and RR intervals were negatively impacted by real flights while other time domain, frequency domain or non-linear measures were not. Since the mean heart rate was below 100 beats/min, it would suggest that these differences were due to a parasympathetic activity reduction rather than an increase in sympathetic activity. A previous study that analyses the effect of defence and attacks air combat manoeuvres on air combat fighter pilots’ psychophysiological response did not detect significant differences between pre versus post or pre versus during flight [15]. Authors stated that this behaviour could be due behaviours’ anticipatory anxiety response which started before the flight manoeuvres [15]. Nevertheless, in our study, statistically significant differences were not observed in the HRV when compared real vs. simulator or even pre vs. post (for both real and simulator conditions).



In this regard, previous studies have highlighted the usefulness, due to the high sensitivity, of this variable (RMSSD) to measure the autonomic modulation [21,38]. However, our results did not show any significant effect on this variable. Hypothetically, these results could also be explained since all the analysed pilots were expert. A previous study reinforces this explanation since lower HRV values were related to a lower level of experience [20]. Authors explained that this could be an adaptive response to this stressful environment [20]. Another study showed that a pilot’s first flight was the most stressful [7,39]. Thus, novice pilots might exhibit higher sympathetic, reducing the HRV. Therefore, future studies should focus on comparing the different level of expertise in pilots.



Previous studies have investigated the impact of flights on the anxiety and rating of perceived exertion. Regarding anxiety, it was shown [21] that anxiety was higher before flight missions, highlighting the anticipatory anxiety response of pilots. This was in line with our results when higher cognitive anxiety was found before a real flight which could be due to the responsibility of flight a real aircraft. This is congruent with the HRV results where differences were not obtained (significant differences were not achieved between pre and post or during flight assessments), and an anticipatory response emerged as a possible explanation. Moreover, regarding the rating of perceived exertion, real flight exhibited higher values than simulated one. This could be due to the stress and anxiogenic response induced by mechanical load such as vibration or G forces which pilots have to suffer during a real flight. This is also supported by the acute effects observed on the autonomic modulation where significant differences were reported on RR and heart rate mean.



This study has some limitations which should be highlighted. First, the sample size was small, so probably only large differences have reached the statistical significance level. Second, the sample was composed by experienced pilots which mean that results cannot be extrapolated to novice pilots. Third, the SPSS package uses z-ratio, which is applicable for at least ten observations. Although this study has twelve observations, results from Wilcoxon signed-rank test could be affected by this issue. Fourth, the breathing rate was not controlled, so the respiratory sinus arrhythmia can impact RR intervals. Lastly, the simulator did not mimic all the real conditions such as vibration, G forces or even oxygen deprivation. Thus, flight simulator could be improved, incorporating this to the simulation in order to make more realistic training for pilots.




5. Conclusions


Real flights significantly reduced the RR interval and cognitive anxiety while increased the heart rate mean and the rating of perceived exertion whereas simulated flights did not induce any significant change in the autonomic modulation







Author Contributions


Conceptualization, S.V.; Data curation, J.P.F.-G., V.J.C.-S., J.F.T.-A. and S.V.; Formal analysis, S.V.; Funding acquisition, J.P.F.-G.; Investigation, V.J.C.-S. and S.V.; Methodology, V.J.C.-S. and M.Á.M.-M.; Project administration, J.P.F.-G. and M.Á.M.-M.; Resources, J.P.F.-G. and M.Á.M.-M.; Supervision, J.F.T.-A. and S.V.; Writing—original draft, J.P.F.-G.; Writing—review & editing, V.J.C.-S., M.Á.M.-M., J.F.T.-A. and S.V. All authors have read and agreed to the published version of the manuscript.




Funding


This study has been made thanks to the contribution of the Spanish Air Force (Ministry of Defence) as well as the Department of Economy and Infrastructure of the Junta de Extremadura through the European Regional Development Fund. A way to make Europe. (GR18129).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of the University of Extremadura (206/2019; 24/07/2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data will be available upon reasonable request to corresponding author.




Acknowledgments


The author SV was supported by a grant from the regional department of economy and infrastructure of the Government of Extremadura and the European Social Fund (PD16008). This project was partially supported by 2020/UEM43 research grant.




Conflicts of Interest


The authors certify that there is no conflict of interest with any financial organisation regarding the material discussed in the manuscript.




References


	



Gerathewohl, S.J. Fidelity of Simulation and Transfer of Training: A Review of the Problem; US Department of Transportation, Federal Aviation Administration, Office of Aviation Medicine: Washington, DC, USA, 1969.

	



Dahlstrom, N.; Nahlinder, S. Mental workload in aircraft and simulator during basic civil aviation training. Int. J. Aviat. Psychol. 2009, 19, 309–325. [Google Scholar] [CrossRef]

	



Wilson, G.F. An analysis of mental workload in pilots during flight using multiple psychophysiological measures. Int. J. Aviat. Psychol. 2002, 12, 3–18. [Google Scholar] [CrossRef]

	



Alaimo, A.; Esposito, A.; Orlando, C.; Simoncini, A. Aircraft Pilots Workload Analysis: Heart Rate Variability Objective Measures and NASA-Task Load Index Subjective Evaluation. Aerospace 2020, 7, 137. [Google Scholar] [CrossRef]

	



Wilson, G.F. A comparison of three cardiac ambulatory recorders using flight data. Int. J. Aviat. Psychol. 2002, 12, 111–119. [Google Scholar] [CrossRef]

	



Cao, X.; MacNaughton, P.; Cadet, L.R.; Cedeno-Laurent, J.G.; Flanigan, S.; Vallarino, J.; Donnelly-McLay, D.; Christiani, D.C.; Spengler, J.D.; Allen, J.G. Heart rate variability and performance of commercial airline pilots during flight simulations. Int. J. Environ. Res. Public Health 2019, 16, 237. [Google Scholar] [CrossRef] [PubMed]

	



Magnusson, S. Similarities and differences in psychophysiological reactions between simulated and real air-to-ground missions. Int. J. Aviat. Psychol. 2002, 12, 49–61. [Google Scholar] [CrossRef]

	



Thayer, J.F.; Ahs, F.; Fredrikson, M.; Sollers, J.J., III; Wager, T.D. A meta-analysis of heart rate variability and neuroimaging studies: Implications for heart rate variability as a marker of stress and health. Neurosci. Biobehav. Rev. 2012, 36, 747–756. [Google Scholar] [CrossRef]

	



Shaffer, F.; McCraty, R.; Zerr, C.L. A healthy heart is not a metronome: An integrative review of the heart’s anatomy and heart rate variability. Front. Psychol. 2014, 5, 1040. [Google Scholar] [CrossRef]

	



Fuentes-Garcia, J.P.; Pereira, T.; Castro, M.A.; Carvalho Santos, A.; Villafaina, S. Psychophysiological stress response of adolescent chess players during problem-solving tasks. Physiol. Behav. 2019, 209, 112609. [Google Scholar] [CrossRef]

	



Fuentes, J.P.; Villafaina, S.; Collado-Mateo, D.; de la Vega, R.; Olivares, P.R.; Clemente-Suárez, V.J. Differences between high vs low performance chess players in heart rate variability during chess problems. Front. Psychol. 2019, 10, 409. [Google Scholar] [CrossRef]

	



Beauchaine, T. Vagal tone, development, and Gray’s motivational theory: Toward an integrated model of autonomic nervous system functioning in psychopathology. Dev. Psychopathol. 2001, 13, 183–214. [Google Scholar] [CrossRef] [PubMed]

	



Berntson, G.G.; Norman, G.J.; Hawkley, L.C.; Cacioppo, J.T. Cardiac autonomic balance versus cardiac regulatory capacity. Psychophysiology 2008, 45, 643–652. [Google Scholar] [CrossRef] [PubMed]

	



Diaz-Manzano, M.; Fuentes, J.P.; Fernandez-Lucas, J.; Aznar-Lain, S.; Clemente-Suárez, V.J. Higher use of techniques studied and performance in melee combat produce a higher psychophysiological stress response. Stress Health 2018, 34, 622–628. [Google Scholar] [CrossRef] [PubMed]

	



Hormeño-Holgado, A.J.; Clemente-Suárez, V.J. Effect of different combat jet manoeuvres in the psychophysiological response of professional pilots. Physiol. Behav. 2019, 208, 112559. [Google Scholar] [CrossRef] [PubMed]

	



Sauvet, F.; Jouanin, J.C.; Langrume, C.; Van Beers, P.; Papelier, Y.; Dussault, C. Heart rate variability in novice pilots during and after a multi-leg cross-country flight. Aviat. Space Environ. Med. 2009, 80, 862–869. [Google Scholar] [CrossRef]

	



Tornero-Aguilera, J.F.; Robles-Pérez, J.J.; Clemente-Suárez, V.J. Use of Psychophysiological Portable Devices to Analyse Stress Response in Different Experienced Soldiers. J. Med. Syst. 2018, 42, 75. [Google Scholar] [CrossRef]

	



Bustamante-Sánchez, A.; Tornero-Aguilera, J.F.; Fernández-Elías, V.E.; Hormeño-Holgado, A.J.; Dalamitros, A.A.; Clemente-Suárez, V.J. Effect of Stress on Autonomic and Cardiovascular Systems in Military Population: A Systematic Review. Cardiol. Res. Pract. 2020, 2020. [Google Scholar] [CrossRef]

	



Bustamante-Sánchez, Á.; Delgado-Terán, M.; Clemente-Suárez, V.J. Psychophysiological response of different aircrew in normobaric hypoxia training. Ergonomics 2019, 62, 277–285. [Google Scholar] [CrossRef]

	



Tornero Aguilera, J.F.; Gil-Cabrera, J.; Clemente-Suárez, V.J. Determining the psychophysiological responses of military aircrew when exposed to acute disorientation stimuli. BMJ Mil. Health 2020. [Google Scholar] [CrossRef]

	



Bustamante-Sánchez, Á.; Clemente-Suárez, V.J. Psychophysiological response in night and instrument helicopter flights. Ergonomics 2020, 63, 399–406. [Google Scholar] [CrossRef]

	



Gil-Cabrera, J.; Tornero Aguilera, J.F.; Sanchez-Tena, M.A.; Alvarez-Peregrina, C.; Valbuena-Iglesias, C.; Clemente-Suárez, V.J. Aviation-Associated Spatial Disorientation and Incidence of Visual Illusions Survey in Military Pilots. Int. J. Aerosp. Psychol. 2020, 1–8. [Google Scholar] [CrossRef]

	



Laborde, S.; Mosley, E.; Thayer, J.F. Heart Rate Variability and Cardiac Vagal Tone in Psychophysiological Research - Recommendations for Experiment Planning, Data Analysis, and Data Reporting. Front. Psychol. 2017, 8, 213. [Google Scholar] [CrossRef] [PubMed]

	



Da Costa de Rezende Barbosa, M.P.; da Silva, N.T.; de Azevedo, F.M.; Pastre, C.M.; Marques Vanderlei, L.C. Comparison of Polar ((R)) RS800G3 heart rate monitor with Polar ((R)) S810i and electrocardiogram to obtain the series of RR intervals and analysis of heart rate variability at rest. Clin. Physiol. Funct. Imaging 2016, 36, 112–117. [Google Scholar] [CrossRef] [PubMed]

	



Tarvainen, M.P.; Niskanen, J.-P.; Lipponen, J.A.; Ranta-Aho, P.O.; Karjalainen, P.A. Kubios HRV–heart rate variability analysis software. Comput. Methods Programs Biomed. 2014, 113, 210–220. [Google Scholar] [CrossRef] [PubMed]

	



Camm, A.J.; Malik, M.; Bigger, J.T.; Breithardt, G.; Cerutti, S.; Cohen, R.J.; Coumel, P.; Fallen, E.L.; Kennedy, H.L.; Kleiger, R.E. Heart rate variability: Standards of measurement, physiological interpretation and clinical use. Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. Ann. Noninvasive Electrocardiol. 1996, 1, 151–181. [Google Scholar]

	



Lipponen, J.A.; Tarvainen, M.P. A robust algorithm for heart rate variability time series artefact correction using novel beat classification. J. Med. Eng. Technol. 2019, 43, 173–181. [Google Scholar] [CrossRef]

	



Tarvainen, M.P.; Ranta-Aho, P.O.; Karjalainen, P.A. An advanced detrending method with application to HRV analysis. IEEE Trans. Biomed. Eng. 2002, 49, 172–175. [Google Scholar] [CrossRef]

	



Shaffer, F.; Ginsberg, J.P. An Overview of Heart Rate Variability Metrics and Norms. Front. Public Health 2017, 5, 258. [Google Scholar] [CrossRef]

	



Cox, R.H.; Martens, M.P.; Russell, W.D. Measuring anxiety in athletics: The revised competitive state anxiety inventory–2. J. Sport Exerc. Psychol. 2003, 25, 519–533. [Google Scholar] [CrossRef]

	



Andrade Fernández, E.M.; Lois Río, G.; Arce Fernández, C. Propiedades psicométricas de la versión española del Inventario de Ansiedad Competitiva CSAI-2R en deportistas. Psicothema 2007, 19, 150–155. [Google Scholar]

	



Spielberger, C.D.; Gonzalez-Reigosa, F.; Martinez-Urrutia, A.; Natalicio, L.; Natalicio, D.S. Development of the Spanish edition of the state-trait anxiety inventory. Interam. J. Psychol. 1971, 5, 145–158. [Google Scholar]

	



Borg, G. Perceived exertion as an indicator of somatic stress. Scand. J. Rehabil. Med. 1970, 2, 92–98. [Google Scholar] [PubMed]

	



Fritz, C.O.; Morris, P.E.; Richler, J.J. Effect size estimates: Current use, calculations, and interpretation. J. Exp. Psychol. Gen. 2012, 141, 2. [Google Scholar] [CrossRef] [PubMed]

	



Coolican, H. Research Methods and Statistics in Psychology; Psychology Press: East Sussex, UK, 2017. [Google Scholar]

	



Delgado-Moreno, R.; Robles-Pérez, J.J.; Aznar-Laín, S.; Clemente-Suárez, V.J. Effect of experience and psychophysiological modification by combat stress in soldier’s memory. J. Med. Syst. 2019, 43, 150. [Google Scholar] [CrossRef]

	



Delgado-Moreno, R.; Robles-Pérez, J.J.; Clemente-Suárez, V.J. Combat stress decreases memory of warfighters in action. J. Med. Syst. 2017, 41, 124. [Google Scholar] [CrossRef]

	



Bustamante-Sánchez, Á.; Clemente-Suárez, V.J. Psychophysiological Response to Disorientation Training in Different Aircraft Pilots. Appl. Psychophysiol. Biofeedback 2020, 45, 241–247. [Google Scholar] [CrossRef]

	



Hankins, T.C.; Wilson, G.F. A comparison of heart rate, eye activity, EEG and subjective measures of pilot mental workload during flight. Aviat. Space Environ. Med. 1998, 69, 360. [Google Scholar]








[image: Table] 





Table 1. Characteristics of military pilots.






Table 1. Characteristics of military pilots.





	Variable
	Mean (SD)





	Age (years)
	33.08 (5.21)



	Military service (years)
	13.25 (5.15)



	Fear to an accident(0–100)
	28.33 (25.17)
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Table 2. Acute effects of a real vs. a simulated flight mission on heart rate variability (HRV).






Table 2. Acute effects of a real vs. a simulated flight mission on heart rate variability (HRV).





	
Flight Conditions

	

	
Baseline

	
Post

	
Baseline vs. Post Measure

	
Acute Effects of a Real vs. a Simulated Mission




	

	
Variables

	
Mean (SD)

	
Mean (SD)

	
p-Value

	
Effect Size

	
p-Value

	
Effect Size






	
Real F.

	
Mean HR

	
69.82 (10.70)

	
98.06 (11.89)

	
0.003 *

	
0.847

	
0.005 *

	
0.809




	
Simulated F.

	
74.56 (14.39)

	
0.155

	
0.411




	
Real F.

	
RR

	
885.54 (136.14)

	
631.91 (77.11)

	
0.003 *

	
0.847

	
0.005 *

	
0.809




	
Simulated F.

	
837.70 (144.35)

	
0.155

	
0.411




	
Real F.

	
Pnn50

	
19.34 (17.18)

	
8.65 (8.28)

	
0.062

	
0.539

	
0.139

	
0.426




	
Simulated F.

	
16.04 (12.08)

	
0.929

	
0.026




	
Real F.

	
RMSSD

	
44.28 (25.96)

	
27.77 (13.50)

	
0.062

	
0.539

	
0.139

	
0.426




	
Simulated F.

	
37.01 (14.39)

	
0.424

	
0.231




	
Real F.

	
SDNN

	
51.05 (27.29)

	
41.48 (13.88)

	
0.477

	
0.205

	
0.241

	
0.338




	
Simulated F.

	
45.30 (11.91)

	
0.594

	
0.154




	
Real F.

	
HF

	
35.49 (18.01)

	
24.43 (12.12)

	
0.155

	
0.411

	
0.721

	
0.103




	
Simulated F.

	
28.76 (16.45)

	
0.075

	
0.513




	
Real F.

	
LF

	
64.44 (18.00)

	
75.51 (12.14)

	
0.155

	
0.411

	
0.721

	
0.103




	
Simulated F.

	
71.17 (16.47)

	
0.075

	
0.513




	
Real F.

	
LF/HF

	
2.95 (2.94)

	
4.20 (3.14)

	
0.213

	
0.359

	
0.508

	
0.191




	
Simulated F.

	
3.69 (2.65)

	
0.328

	
0.282




	
Real F.

	
Total Power

	
2931.89 (3830.04)

	
1953.40 (1200.12)

	
0.859

	
0.051

	
0.508

	
0.191




	
Simulated F.

	
2090.28 (1078.28)

	
0.286

	
0.308




	
Real F.

	
SD1

	
31.37 (18.42)

	
19.64 (9.54)

	
0.062

	
0.539

	
0.139

	
0.427




	
Simulated F.

	
26.18 (10.18)

	
0.424

	
0.231




	
Real F.

	
SD2

	
64.54 (34.65)

	
55.04 (17.79)

	
0.594

	
0.154

	
0.285

	
0.309




	
Simulated F.

	
58.09 (14.66)

	
0.534

	
0.179








* p-value < 0.05. F: Flight; HR: Heart rate; RR: Time between intervals R-R; pNN50: Percentage of intervals >50 ms different from the previous interval; RMSSD: The square root of the mean of the squares of the successive differences of the interval RR; LF/HF: Low frequency (LF) ratio (ms2)/High frequency (HF) (ms2); Total power: The sum of all the spectra; SDNN: Standard deviation of normal-to-normal intervals; SD1: Dispersion, standard deviation, of points perpendicular to the axis of line-of-identity in the Poincaré plot; SD2: Dispersion, standard deviation, of points along the axis of line-of-identity in the Poincaré plot.
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Table 3. Acute effects of a real vs. a simulated flight mission on the rating of perceived exertion, anxiety and self-confidence.
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Flight Conditions

	

	
Baseline

	
Post

	
Baseline vs. Post-Measure

	
Acute Effects of a Real vs. a Simulated Mission




	

	
Variables

	
Mean (SD)

	
Mean (SD)

	
p-Value

	
Effect Size

	
p-Value

	
Effect Size






	
Real F.

	
RPE

	
8.42 (1.88)

	
11.17 (2.33)

	
0.010 *

	
0.742

	
0.218

	
0.355




	
Simulated F.

	
7.92 (2.23)

	
8.82 (2.64)

	
0.089

	
0.491




	
Real F.

	
STAI-E

	
27.42 (8.26)

	
28.17 (9.37)

	
0.574

	
0.162

	
0.633

	
0.138




	
Simulated F.

	
24.82 (3.87)

	
24.75 (4.55)

	
0.459

	
0.213




	
Real F.

	
Cognitive anxiety

	
6.92 (3.15)

	
6.17 (2.37)

	
0.024 *

	
0.653

	
0.931

	
0.024




	
Simulated F.

	
7.00 (2.63)

	
6.33 (2.19)

	
0.074

	
0.515




	
Real F.

	
Somatic anxiety

	
9.33 (1.72)

	
9.67 (2.23)

	
0.776

	
0.082

	
0.832

	
0.061




	
Simulated F.

	
8.75 (1.71)

	
9.08 (1.97)

	
0.285

	
0.308




	
Real F.

	
Self-confidence

	
18.67 (2.39)

	
19.08 (1.93)

	
0.180

	
0.387

	
0.221

	
0.354




	
Simulated F.

	
19.33 (1.23)

	
19.25 (1.76)

	
0.705

	
0.109








* p-value < 0.05. F: Flight; CSAI-2R: Competitive State Anxiety Inventory-2R; RPE: Rating of perceived exertion; STAI: State-Trait Anxiety Inventory.
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Table 4. HRV during simulated and real flights.
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	Variables
	Real Flight

Mean (SD)
	Simulated Flight

Mean (SD)
	p-Value
	Effect Size





	Mean HR
	93.81 (15.41)
	70.83 (12.48)
	0.003 *
	0.847



	RR
	660.30 (106.86)
	875.58 (139.10)
	0.003 *
	0.847



	Pnn50
	11.75 (8.83)
	17.69 (14.26)
	0.131
	0.436



	RMSSD
	32.52 (14.34)
	38.93 (18.04)
	0.110
	0.461



	SDNN
	53.20 (23.73)
	47.98 (20.55)
	1.000
	<0.001



	HF
	20.95 (12.95)
	29.06 (17.28)
	0.155
	0.411



	LF
	79.02 (12.96)
	70.89 (17.27)
	0.155
	0.411



	LF/HF
	5.87 (4.11)
	3.84 (2.94)
	0.131
	0.436



	Total Power
	2750.74 (1733.18)
	2721.90 (2647.31)
	0.929
	0.026



	SD1
	23.02 (10.15)
	27.56 (12.78)
	0.110
	0.462



	SD2
	71.14 (31.89)
	61.77 (26.66)
	0.657
	0.128







* p-value < 0.05. HR: heart rate; RR: Time between intervals R-R; pNN50: Percentage of intervals >50 ms different from the previous interval; RMSSD: The square root of the mean of the squares of the successive differences of the interval RR; LF/HF: Low frequency (LF) ratio (ms2)/High frequency (HF) (ms2); Total power: The sum of all the spectra; SDNN: Standard deviation of normal-to-normal intervals; SD1: Dispersion, standard deviation, of points perpendicular to the axis of line-of-identity in the Poincaré plot; SD2: Dispersion, standard deviation, of points along the axis of line-of-identity in the Poincaré plot.
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