
Mediterranean Journal of Sport Science 2023, Volume 6, Special Issue 1 Tuna 

 

 

 

 
1 1 This study was presented at the 7th International Academic Sports Research Congress. 
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 Öz  

Farklı ortamlardaki ve farklı egzersiz türlerinin bilişsel performansa etkisi güncel merak konuları 

arasında yer almaktadır. Bu çalışmada da kadın profesyonel dalış sporcularının nefes tutma 

egzersizi sonrası yürütücü fonksiyon ve tepki süreleri değişimlerinin araştırılması amaçlanmıştır. 

Araştırmaya profesyonel serbest dalış branşından 7 sağlıklı kadın katılımcı dahil edilmiştir. 

Katılımcılara uygulanacak olan “2 N-Geri” görevinin öğretilmesi için familarizasyon oturumu, 

antropometrik ölçümler, maksimal nefes tutma kapasite testi, kara ve su ortamında bilişsel test 

skorlarının belirlenmesi için karada ve suda nefes tutma egzersiz oturumlarında ölçümler 

gerçekleştirilmiştir. İstatistiksel değerlendirmeler için JASP 0.16.2 programı kullanılmıştır. 

Verilerin analizinde tekrarlayan ölçümlerde ANOVA kullanılmıştır. Anlamlılık düzeyi p< 0,05 

olarak belirlendi. 2 N-Geri testinin reaksiyon zamanı (RT) sonuçları değerlendirildiğinde, karada 

nefes tutma egzersizinden hemen sonraki reaksiyon zamanlarının (x̄: 0,59 ± 0,14), kontrol 

koşulundaki reaksiyon zamanlarına (x̄: 0,47 ± 0,10) göre anlamlı düzeyde uzadığı görülmüştür 

(p<0,05). N-Back testinin doğru yanıtları arasında ise anlamlı bir farklılık görülmemiştir (p> 0,05). 

Ayrıca, katılımcıların reaksiyon süreleri ve doğru cevap sayıları arasındaki korelasyon analizinde, 

su koşulundaki egzersiz sonrası reaksiyon süreleri ve doğru cevap sayıları arasında anlamlı ve güçlü 

bir negatif korelasyon bulunmuştur (p<0,05). Bu bulgular ışığında suda ve karada gerçekleştirilen 

nefes tutma egzersizlerinin akut olarak bilişsel fonksiyonları kontrol koşuluna kıyasla istatistiksel 

ılımlı düzeyde iyileştirdiği, reaksiyon sürelerinin kara koşulunda kontrol koşuluna göre anlamlı 

düzeyde geliştiği görülmüştür.   

Anahtar kelimeler:  Bilişsel Performans, Nefes Tutma Egzersizi, Dalış, Tepki Süresi, Egzersiz 

The Relationship of Diving Training with Executive Functions in 

the Acute Period in Female Free Divers 

Abstract 

The effect of different types of exercise in different conditions on cognitive performance is among 

the current topics of interest. This study aims to investigate the changes in executive function and 

reaction times of female professional divers after breath holding exercises. The study involved 7 

healthy female participants who were engaged in professional free diving. The training sessions 

included acclimatization to the '2N Back Test', anthropometric measurements, maximum breath 

holding test and cognitive test results in land and water settings. Statistical analyses were performed 

using JASP 0.16.2 Repeated measures ANOVA was used for pairwise comparisons. The 

significance level was set at p<0.05. The reaction time results of the '2 N back test' showed that the 

reaction times (RT) immediately after the on-shore breathing exercise (x̄: 0.59 ± 0.14) were 

significantly reduced compared to the control condition (x̄: 0.47 ± 0.10) (p<0.05). There was no 

significant difference between the accuracy of the 2 N back test (p> 0.05). Additionally, a 

significant strong negative correlation was found between reaction times and accuracy following 

water-based exercise (p<0.05). In conclusion, breath holding exercises performed in water and on 

land improved cognitive functions at a statistically moderate level compared to the control 

condition, and reaction times improved significantly in the land condition compared to the control 

condition. 
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 Introduction 

The physiological responses to physical activities applied under different environmental 

conditions have been well-documented. In the expanding literature, there has been a particular focus 

on the relationship between exercise and cognitive functions, especially in recent years (Mandolesi 

et al, 2017). Executive functions are at the center of this focus. Executive cognitive functions are 

defined as higher-level cognitive functions that require the control and direction of lower-level, more 

automatic functions, such as planning, monitoring, activating, modifying, and inhibiting (Dronkers 

and Baldo, 2009). The acute and chronic changes in these functions in response to exercise are being 

elucidated through imaging-based (Colcombe et al., 2006), neurophysiology-based (Günay et al., 

2019), and cognitive test-based assessments (Manci et al., 2023). Our current understanding 

particularly highlights that aerobic exercise positively affects executive functions in the acute phase 

(Hacker et al., 2020). In the chronic period, it is known that cognitive improvement and preservation 

occur through brain-based structural and physiological improvements (Erickson et al., 2011). 

In physical activities conducted in water, physiological changes are observed through three 

important factors. Firstly, the elimination of gravity and the increase in hydrostatic pressure due to 

the nature of water occur (Türkmen et al., 2022) .This increases cardiovascular efficiency in 

individuals and, functionally, augments the amount of blood returning to the heart, thereby increasing 

stroke volume (Pendergast et al., 2015). This circulatory change affects many physiological systems 

secondarily. The second factor is the temperature of the water. An increase in water temperature 

creates hyperthermic conditions, leading to increased fluid loss, elevated systolic blood pressure, and 

impaired cardiovascular performance (Proulx et al., 2003). On the other hand, as water temperatures 

shift toward hypothermic conditions, it results in higher glycolytic activity, impaired respiratory 

depth, increased basal metabolism, and other effects (Castellani & Young, 2016).The third important 

factor is the depth of the water. As you go deeper, thoracic pressure increases due to increased 

pressure, and lung volumes decrease. (Patrician et al., 2021). Additionally, due to the activation of 

the "diving reflex," the organism goes into standby mode, redirecting blood flow toward vital organs 

(Godek and Freeman, 2022). When these unique physiological responses are combined with exercise 

in water, they lead to the emergence of different physiological responses (Raymond and Cooper, 

2022). 

 When we think of diving among women, Japanese AMA women come to mind. They are 

known for their high-frequency dives without using any equipment other than goggles and exhibit 

hunter-gatherer behavior, reaching depths of up to 25 meters (Sugawara et al., 2018). At the 

competitive level, the longest known breath-holding record for women in the water is an extreme 

09:02 minutes (Wikipedia, 2023). The emergence of this physiological adaptation is a result of a long-
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term, regular training regimen. While many metabolic, cardiovascular, and hemodynamic processes 

related to the diving response have been extensively investigated, the relationship between cognitive 

functions and diving, especially changes related to executive functions, has been studied in only a 

limited number of cases (Pourhashemi et al., 2016; Sharma et al., 2023; Logie and Baddeley,1985). 

In these studies, the focus is on the effects of equipped, oxygen-supported SCUBA diving rather than 

breath-hold divers. 

It is noteworthy that there is a lack of research in the literature regarding the acute cognitive 

responses of female diving athletes to training-induced stimuli. Particularly, the scarcity of research 

targeting specific populations such as female diving athletes highlights the need for further 

investigation. This study aims to investigate the acute effects of breath-hold training on cognitive 

attributes in professional female diving athletes. Our main hypothesis is that acute breath-hold 

exercise could enhance executive functions and reaction times in an aquatic setting compared to on-

land conditions. 

Method 

Participants 

The study comprised 7 female competitive divers with an average of 7 years' experience in 

diving sports (mean age 18±2.23 years, mean height 163.57±6.37 cm, mean body weight 53.42±4.72 

kg). Exclusion criteria for the study included upper respiratory tract disorders, injuries, individuals 

not participating in regular diving training, and those within their menstrual cycle. The number of 

participants was determined using the G-Power 3.1.9.7 program. The effect size of the study was 

calculated as 0.7 based on variance analysis in the G-Power program. With a 5% alpha significance 

level and 85% power, the study required a minimum of 7 participants. Ethical approval for the study 

was granted by the Trakya University Ethics Committee under approval number TÜTF-GOBAEK 

2023/248. During the current research, the "Directive on Scientific Research and Publication Ethics 

of Higher Education Institutions" was followed. 

Experimental Design 

The experiments were conducted in four sessions. During the initial visit, participants were 

informed and introduced to the N-Back test protocols. In the familiarization session, participants were 

verbally acquainted with the 2 N-Back cognitive tasks and were instructed to perform the test twice. 

Two days later, all participants attended the control session (CO). In this session, baseline 2 N-Back 

Test, anthropometric measurements and lung capacities were measured. Following a two-day 

interval, participants were randomly assigned to complete both the water (WA) and land sessions 
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(LA). Similarly, after another two-day resting period, participants completed the session they had not 

previously participated in. While all tests were conducted by the researcher, the design and 

implementation of the breath-holding protocol were carried out by a national level coach. 

All sessions were scheduled between 4:00 PM and 6:00 PM. Cognitive tests were 

administered on the same computer model. Participants were instructed to refrain from engaging in 

high-intensity exercise within the last 24 hours to ensure they were adequately rested. During the 

water tests, the water temperature was maintained at 26-27 degrees Celsius. Participants were also 

requested to abstain from alcohol and caffeine consumption within the last 24 hours and to ensure 

proper hydration before the tests. Additionally, individuals who had slept for six hours or less during 

the night were included in the study on different days. 

Anthropometric Measurements 

Height was measured mid-breath using a portable stadiometer (Seca, model 217, Hamburg, 

Germany) with an accuracy of 0.5 cm. Body mass index (BMI) was determined using a calibrated 

electronic scale (Seca, model 875, Hamburg, Germany). Participants' weight measurements were 

taken barefoot by the poolside, wearing only swimwear. BMI was calculated as mass divided by 

height squared (mass/height^2), with body weight recorded in kilograms (kg) and height measured in 

meters (m) (Giles et al., 2021). 

Lung Capacity Measurements 

The measurements were carried out using an ultrasonic sensor-equipped Spiro Scout 

spirometer from Ganshorn Medizin Electronic Niederlauer, Germany (Figure 1a; Guerriero et al., 

2015). All tests were conducted following the general acceptability criteria established by the 

European Respiratory Society (ERS, 2005) (Laursen et al., 2021; Bernhardsen, 2022). Participants 

were thoroughly informed about the measurement procedures. Clear instructions were provided to 

guide participants through the test process, and they were encouraged to follow the instructions at 

each stage to ensure proper breathing technique (Akpinar et al., 2006; Sim et al., 2017). 

Test maneuvers were repeated at least three times in a standing position, and the highest 

recorded value was selected. To provide support in case of dizziness during measurements, a chair 

was placed behind participants (Miller et al., 2005). Only reproducible tests with less than 5% 

variability were considered valid. Participants were instructed to take a full inhalation to utilize their 

total lung capacity and then exhale through a nozzle until reaching residual volume. For forced vital 

capacity (FVC) measurements, participants were directed to seal their lips around the mouthpiece 

after taking a maximal breath and then exhale slowly and evenly until there was no change in volume 
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(0.025 L) for 1 second (Miller et al., 2005). Throughout all tests, participants wore a nose clip (Diniz 

et al., 2014; Miller et al., 2005). 

Breath Hold Exercise Protocol 

The protocol consists of two sessions (warm-up and breath-hold training) and is completed in 

approximately 40 minutes. 

Warm-up Session: 

Before breath-hold exercise sessions in both dry-land and aquatic environments, a 10-minute 

standard warm-up protocol was administered (Figure 1b). 

● 30 seconds breath hold, followed by 30 seconds of breathing 

● 1 minute breath hold, followed by 1 minute of breathing 

● 2 minutes breath hold, followed by 2 minutes of breathing 

● 1 minute breath hold, followed by 1 minute of breathing 

● 30 seconds breath hold, followed by 30 seconds of breathing 

Training Session: 

 After a 5-minutes transition period following the warm-up, breath-hold loads equivalent to 

50% of participants' their official best time durations were determined (https://tssf.gov.tr/tssf-

yarisma-sonuclari/). Between each repetition, a progressive load was applied consisting of 1/2 and 

1/1  work/rest ratios, totaling 2 sets (4 repetitions). Participants completed this session in 

approximately 25  minutes. To eliminate the pressure effect, underwater applications were performed 

on the water's surface (Figure 1). In all conditions, muscular activity was minimized to prevent 

exercise-induced oxygen consumption. During the initial part of the resting phase, participants 

maintained a normal breathing rhythm. Prior to the shallow dive phase, they took a breath to the Total 

Lung Capacity, and with partial and slow exhalation, performed their final breaths (e.g., inhale deeply 

in 4 beats, exhale slowly in 8 beats). Hyperventilation breathing technique was completely avoided. 

Participants used a nose clip during both the warm-up and main exercise sessions under all conditions. 
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Figure 1  

a) Lung Capacity Measurements, b) Breathing hold and resting position during training session, and c) Post 

Aquatic Hold Breathing Exercise 2 N-Back Test.   

 

Cognitive Task Procedure  

The N-Back test is a battery of tasks designed to assess working memory and inhibition 

(Jonides et al., 1997; Jaeggi et al., 2010). The N-Back test was written in the C programming language 

and implemented in OpenGL. Under all situations, participants ran the exam on a laptop. Due to the 

proximity of the session to a pool, a protection device was implemented in all scenarios to prevent 

liquid contact. The letters M,R, K, Q, H, X, B, and F were flashed in random sequence in the center 

of the screen during the test. If the letter on the screen matched a letter presented 'n' steps earlier, 

participants were directed to click a button on a response pad. The ''2-Back'' condition was used in 

this investigation. Each letter was presented on the computer screen for 500 milliseconds, with an 

interval of 1500 to 2000 milliseconds between each letter. All tests were completed in 5 minutes or 

less. Before beginning the exam, all participants went through a brief training session that consisted 

of a 15-letter sequence to acquaint them with the processes. Accurate response reaction times (RT) 

and accurate response rates (ACC%) were utilized in the study to test executive functioning. The 

Nexus-10 bio-amplifier, along with suitable sensors, was used to track when stimuli appeared on the 

screen and how participants reacted, allowing for accurate reaction times to be observed. 

Statistical Analysis 

JASP 0.16.2 (JASP Team, 2018; https://jasp-stats.org/, accessed on 15 Sep 2023) was used 

for statistical analysis and the creation of rain cloud graphics. The Shapiro-Wilk test was used to 

determine if the data had a normal distribution or not. Variables were normally distributed, according 

to the Shapiro-Wilk test results (p<0.05). Since the data were normally distributed, parametric tests 

were used. As a result, "Repeated Measures ANOVA'' and “ Pearson’s Correlation Analysis” was 
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applied. All data was presented as means (M) and standard deviations (SD). For all statistical tests, 

the significance threshold was set at 0.05, and effect sizes were given as partial  (for ANOVA). 

Findings 

The study included seven female professional divers (mean age 18 ± 2.23 years, mean height 

163.57 ± 6.37 cm, mean body weight 52.83 ± 4.87 kg), who trained at least 7 years. The mean forced 

vital capacity (FVC) values of the participants were 4.71 ± 0.37 L. and their mean official personal 

best maximal hold breathing values were 4.69 ± 1.04 minutes. These values are the results within the 

top 10 ranking in national competitions. 

Table 1 

Descriptive statistics of participants' cognitive test results 

 

Table 2  

 

Anova Analysis for  three different conditions of  2-56N Back Test Accuracy and Reaction Time 

Results 
 

 

Cases Sum of Squares df 
Mean 

Square 
F p η² 

ACC 0.002 2 0.7972  0.227 0.801 0.036 

Residuals 0.042 12 0.004    

RT 0.049 2 0.024 5.487 0.020 0.478 

Residuals 0.054 12 0.004       

 

 

The accuracy results of the test compared between three different conditions showed that the 

conditions had no significant effect on accuracy [F (2.12)= 0.22, p> 0 .05, η2:0.036; Figure 2; Table 

2). 

 

 

 

 

(n=7) M ± SD 

Co_2-Back Accuracy (%) 38.80 ± 0.10 

Wa_2-Back Accuracy (%) 40.80 ± 0.08 

La_2-Back Accuracy (%) 39.30 ± 0.13 

Co_2-Back Mean Reaction Time (s) 0.47 ± 0.10 

Wa_2-Back Mean Reaction Time (s) 0.52 ± 0.09 

La_2-Back Mean Reaction Time (s) 0.59 ± 0.14 
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Figure 2 

Participants' three different conditions 2-N Back Test Accuracy results 

The comparison between three different conditions for the total reaction time results of the 2-

N Back test showed there was a significant effect on the conditions [(F (2.12) = 5.48, p= 0.020 <0.05, 

η2: 0.478; Figure 3; Table 2). The results of pairwise comparison with the Bonferroni corrected, 

showed that this difference was between the land (0.59 ± 0.14) and the control condition (0.47 ± 

0.10). The results showed that reaction times after breath-hold exercise sessions on land were 

significantly slower than the control conditions (p= 0.020<0.05). 

 

 

Figure 3  

Participants' three different conditions 2-N Back Test reaction time results. * p< 0.05 

 

 



 

 

Mediterranean Journal of Sport Science 2023, Volume 6, Special Issue 1 Tuna 

929 

 

 

Correlation Analysis 

As a result of the correlation analysis between the reaction times and accuracy of the 

participants, a significant strong negative correlation was found between the reaction times and 

accuracy after exercise in water (r= -0.803, p< 0.05; Table 3). 

Table 3  

 

Pearson's Correlations  Results for  three different conditions of  2-56N Back Test Accuracy and 

Reaction Time Results 
 

Variable   
Co_N_Back_ 

Accuracy 

Co_N_Back_ 

RT 

Wa_N_Back_ 

Accuracy 

Wa_N_Back

_RT 

La_N_Back_ 

Accuracy 

La_N_Back

_ 

RT 

1. 

Co_N_Back_ 

Accuracy 

 Pearson's r  —            

  p-value  —                 

2. 

Co_N_Back_ 

RT 

 Pearson's r  -0.346  —          

  p-value  0.447  —              

3. 

Wa_N_Back_ 

Accuracy 

 Pearson's r  0.902  -0.331  —        

  p-value  0.005  0.468  —           

4. 

Wa_N_Back_ 

RT 

 Pearson's r  -0.647  0.631  -0.803 * —      

  p-value  0.116  0.128  0.030  —        

5. 

La_N_Back_ 

Accuracy 

 Pearson's r  0.790 * -0.169  0.600  -0.197  —    

  p-value  0.034  0.717  0.154  0.672  —     

6. 

La_N_Back_ 

RT 

 Pearson's r  -0.790 * 0.570  -0.792 * 0.866 * -0.538  —  

  p-value  0.034  0.181  0.034  0.012  0.213  —  

 

* p < 0.05 

 

 

Discussion 

The primary aim of this study is to investigate the acute effects of breath-holding exercises 

performed by female competitive free-diving athletes in surface water and land conditions on 
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executive functions. The main finding of the study is a slight improvement in the number of correct 

responses after the exercise session in the water condition, and a significant improvement in reaction 

time compared to the control condition after breath-holding exercises in the land condition. 

Additionally, it was determined that there is a strong relationship between the number of correct 

responses and reaction times only in the water condition. It is known that acute exercise improves 

cognitive functions in clinical groups, young and elderly populations, and, of course, in athletes. 

Among the commonly examined cognitive functions, information processing, reaction time, memory, 

executive functions, and attention are noteworthy (Chang et al., 2012).  

An aerobic exercise session lasting up to 30 minutes with exercise intensity between 40% and 

80% has been shown to lead to improvements in cognitive and motor functions. In aquatic exercise 

applications, it has been reported that the influence of water, in combination with exercise, has 

positive effects on motor skills and cognition. One study reported that aquatic exercise is an exercise 

method that can enhance cognitive function and quality of life through the improvement of mental 

health in healthy adult women (Ayan et al., 2017). Although there are reports that merely being in the 

water without diving headfirst does not have a cognitive contribution, it has been reported that 

moderate-intensity aerobic-based swimming exercises positively affect cognitive performance 

(Shoemaker et al., 2019). This information forms the fundamental basis for demonstrating the 

'Exercise priming' phenomenon.  

In our study, the breath-holding exercise session conducted on the water surface without 

engaging in motor movements produced a moderate change in a manner like this phenomenon and 

improved the percentage of correct responses. The potential mechanisms underlying this moderate 

improvement may include the increased carbon dioxide levels during breath-holding at a moderate 

workload, which could lead to improved cerebral blood flow. Additionally, there might be a 

psychobiological change associated with the utilization of attentional areas related to the given task, 

as well as an increase in brain blood flow due to the activation of the diving reflex. Another possible 

mechanism could be related to the fact that breath-holding exercises in water are performed in the 

prone position. In this position, there is an increase in blood flow velocity in the main cerebral arteries 

(Lahart and Metsios, 2018). It is known that especially in women, there is a higher middle cerebral 

artery blood flow velocity in the prone position compared to men (Peltonen et al., 2015). The posture 

chosen for breath-holding (Figure 1) and the processes mentioned above during breath-holding seem 

to have collectively influenced the outcome. 

Another notable finding of the study is the improvement in reaction time following the breath-

holding exercise protocol on land. It is known that reaction time improves during the acute phases of 
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exercise. Factors such as the speed of movements and repetition durations in exercise tasks, especially 

those involving motor movements, can lead to changes in reaction time. When looking at the limited 

number of studies on water-based exercises, it has been reported that reaction time improved in 

children with chronic exposure to underwater exercise (Chang et al., 2014). On the other hand, it has 

been reported that reaction time improved after only a 20-minute treading water swimming session 

(Shoemaker et al., 2019). However, responses in diving appear to be in the opposite direction. A study 

reporting a deterioration in reaction time after a single 20-minute SCUBA diving session 

(Pourhashemi et al., 2016) suggests that different activities performed in water may yield different 

results. In our study, while there was no improvement in reaction time during the breath-holding 

exercise session on the water surface, the significant differences found in the land session are in line 

with the information presented above. It is known that hypercapnia resulting from breath-holding 

increases cerebral blood flow velocity (Prakash et al., 2014). During this process, it is possible for an 

improvement to occur due to the increase in cerebral blood flow. Additionally, participants may have 

heightened their mental activity levels and arousal by focusing on task goals and engaging 

motivational factors to complete the task during breath-holding. With all these processes mentioned 

above, reaction performance may have significantly improved in the land condition. 

Limitation 

Although the inclusion of only 7 participants in the study seems to have a suggestive effect 

on the results obtained, the small population of 'elite' female freediving athletes and their relatively 

similar performance levels are thought to eliminate this potential limiting factor.  

Conclusion 

Considering the findings, breath-holding exercise sessions conducted in water and on land 

produce different responses in female free-diving athletes compared to the control condition. The 

presence of a slight improvement in executive functions in the water session and an improvement in 

reaction time in the land session suggests that breath-holding exercises may have different effects on 

cognitive functions depending on environmental conditions. On the other hand, considering the 

physiological changes resulting from the applied protocol, this load did not appear to have a disruptive 

effect on female competitive diving athletes. We believe that this information will be important in 

determining the training loads of female free-diving athletes and anticipating underwater risks related 

to cognitive function impairment. Future research should focus on experimental studies designed with 

different breath-holding loads, depths, and large participant groups. 
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