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A B S T R A C T   

Purpose: There is emerging evidence that demonstrates the health benefits of hot water immersion including 
improvements to cardiovascular health and reductions in stress and anxiety. Many commercially available hot 
tubs offer underwater massage systems which purport to enhance many benefits of hot water immersion, 
however, these claims have yet to be studied. 
Methods: Twenty participants (4 females) completed three, 30-min sessions of hot-water immersion (beginning at 
39 ◦C) in a crossover randomized design: with air massage (Air Jet), water massage (Hydro Jet) or no massage 
(Control). Cardiovascular responses comprising; heart rate, blood pressure and superficial femoral artery blood 
flow and shear rate were measured. State trait anxiety, basic affect, and salivary cortisol were recorded before 
and after each trial. Data were analysed using a mixed effects model. 
Results: Post immersion, heart rate increased (Δ31bpm, P < 0.001, d = 1.38), mean arterial blood pressure 
decreased (Δ16 mmHg, P < 0.001, d = − 0.66), with no difference between conditions. Blood flow and mean 
shear rate increased following immersion (P < 0.001, Δ362 ml/min, d = 1.20 and Δ108 s− 1, d = 1.00), but these 
increases were blunted in the Air Jet condition (P < 0.001,Δ171 ml/min, d = 0.43 and Δ52 s− 1, d = 0.52). 
Anxiety and salivary cortisol were reduced (P = 0.003, d = − 0.20, P = 0.014, d = − 0.11), but did not vary 
between conditions. Enjoyment did not vary between conditions. 
Conclusion: These data demonstrate positive acute responses to hot water immersion on markers of cardiovas-
cular function, anxiety, and stress. There was no additional benefit of water-based massage, while air-based 
massage blunted some positive vascular responses due to lower heat conservation of the water.   

1. Introduction 

In recent years there has been research interest investigating the 
potential health benefits of passive heating by use of hot tubs or saunas 
(Brunt and Minson, 2021; Cullen et al., 2020). Regular hot tub use has 
been documented to induce significant improvements in macro and 
micro-vascular function (Brunt et al., 2016a, 2016b), reduce chronic 
inflammation (Hoekstra et al. 2020), and reduce stress (Antonelli and 
Donelli, 2018). Despite these impressive results, research into the ben-
efits of hot water immersion is still very much in its infancy compared to 
traditional health interventions such as exercise (Amercian College of 
Sports Medicine., Ehrman, Liguori, Magal & Riebe 2018), and it is still 
poorly understood which factors of protocol design (e.g., temperature, 

duration, depth of immersion) cause specific health benefits. It is 
thought that chronic adaptations to hot water immersion arise due to 
transient acute stresses to the cardiovascular, thermoregulatory and 
metabolic systems (Cullen et al., 2020; Carter et al., 2014; Hoekstra 
et al., 2018). Therefore, understanding acute physiological and psy-
chological responses to various aspects of protocol design is important 
for improving our understanding and more effectively advising on 
appropriate intervention design. 

Traditional hot water therapies such as balneotherapy are widely 
seen as enjoyable and have established benefits in reducing stress 
(Antonelli and Donelli, 2018). Several of the recent studies investigating 
hot water immersion, have used protocols ≥60 min in duration with 
water temperatures ~40 ◦C to achieve high core body temperatures 
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(Brunt, Howard, et al., 2016; Hoekstra et al., 2018). However, this can 
be uncomfortable or even intolerable for some individuals and result in 
adverse responses if prolonged (>30 min) and performed without 
additional precautions (Steward et al., 2023). Other studies have rec-
ognised this phenomenon, and have sought to manipulate the water 
immersion protocols, by use of fan cooling (for example), to improve 
psychological affective responses without negatively impacting the 
potentially beneficial acute anti-inflammatory responses (Mansfield 
et al., 2021). As such, it is important to consider comfort, tolerability, 
and enjoyment during protocol design, while also evaluating beneficial 
physiological effects. 

Many commercially available hot tubs offer underwater massage 
systems, which manufacturers purport to increase relaxation, enjoyment 
and enhance the overall benefits of hot water immersion. However, 
there are no available studies assessing the combined effect of hot water 
immersion and massage. Given that massage by manual therapy is 
widely considered to be enjoyable (Field, 1998) and has been suggested 
to benefit the skeletal muscles by increasing local blood flow and 
facilitating enhanced nutrient and oxygen delivery (Goats, 1994), these 
claims are plausible, but require investigation. As such, the primary aim 
of this study was to assess the acute physiological and psychological 
responses to hot water immersion with and without underwater massage 
using a commercially available hot tub. It was hypothesised that un-
derwater massage would enhance blood flow, improve mood and reduce 
anxiety to a greater extent than water immersion without massage. 

2. Materials and methods 

2.1. Participants 

Participants provided written informed consent and completed a 
health screening questionnaire prior to enrolment in the study. The 
study was approved by the local University ethics committee (approval 
code P140702) and all procedures conformed with the Declaration of 
Helsinki, with the exception of prior registration in a public database. 
Twenty healthy participants (16 males and 4 females), mean age of 37 
± 8.4 years took part in the study. Female participants were all pre-
menopausal and were not instructed to attend test sessions during a 
particular phase of their menstrual cycle. Participants had no underlying 
medical conditions and were not on any medications during the study. 
Participants who were pregnant, clinically hypotensive (<90/60 
mmHg) or with a history of orthostatic intolerance were also excluded as 
these are known risk factors for orthostatic hypotension following hot 
water immersion (Steward et al., 2023). Regular smokers or having 
stopped smoking in the last 3 months were also excluded as this can 
impact vascular responses. 

2.2. Experimental design 

Participants completed 3 test sessions in a randomised order with a 
series of physiological and psychological measurements (described 
below) taken before, during and after each hot tub session. The test 
sessions comprised of 30 min seated in a hot tub with additional water 
jet massage (Hydro Jet), air jet massage (Air Jet) or no massage (Con-
trol). All hot tub sessions took place in the same model of hot tub (LAY-Z- 
SPA, Majorca). Prior to the start of each session, water temperature was 
set to 39◦C, which can be broadly classified as ‘hot’ (Ntoumani et al., 
2023). The depth of the immersion was kept the same for each partici-
pant (up to the armpit) and their arms were submerged throughout. 
Ambient temperature and relative humidity in the laboratory were 19.7 
± 1.0◦C and 47 ± 11%. Upon arrival at the laboratory and prior to any 
measurements, participants drank 500 ml of water to help prevent 
dehydration (Francisco et al., 2021). Each visit was separated by at least 
48hrs to avoid any carryover effects and took place at the same time of 
day to (±1hr) control for any potential effects of circadian rhythm. 

2.3. Experimental measures 

2.3.1. Water temperature 
A thermocouple (Grant Instruments, UK) was kept submerged in the 

water and used to measure the water temperature throughout each hot 
tub session with recordings made at 10-min intervals. 

2.3.2. Cardiovascular responses 
Following a 10-min period of quiet seated rest (Baseline), blood 

pressure measurements were recorded in accordance with the European 
Society of Cardiology (Williams et al., 2018) using an automated blood 
pressure cuff (M3 Omron, Kyoto, Japan). Repeated measurements were 
subsequently taken at the end of the 30-min hot tub trial (Post). Blood 
pressure measurements were taken in triplicate with the average of 
these measurements reported in the manuscript. Systolic and diastolic 
blood pressure were used to calculate mean arterial pressure and pulse 
pressure. Measurements of heart rate (Polar FT1, Polar, Kempele, 
Finland) were taken at rest and at 10-min intervals throughout 
immersion. 

After baseline blood pressure, participants laid supine to allow ul-
trasound recordings of the superficial femoral arteries. Ultrasound scans 
of the superficial femoral artery were completed in a supine position at 
Baseline and Post hot tub sessions. Superficial femoral artery diameter 
and velocities were recorded continuously for 30 s using a 15-MHz 
multifrequency linear array probe attached to a high-resolution duplex 
ultrasound machine (Terason uSmart 3300, Teratech, Burlington, MA, 
USA). Ultrasound parameters were set to optimise the longitudinal B- 
mode image of the lumen-arterial wall interface with concurrent 
Doppler velocities collected using the lowest possible insonation angle 
(always <60◦). The depth, focus position and gain settings were stand-
ardised for each individual participant and then replicated for each 
subsequent visit. Analysis of artery diameter and velocity was performed 
using custom-designed edge-detection and wall-tracking software, 
which is independent of investigator bias and has been previously 
described elsewhere (Woodman et al., 2001). From synchronized 
diameter and velocity data, mean blood flow (the product of lumen 
cross-sectional area and Doppler velocity) was calculated at 30 Hz and 
shear rate, an estimate of shear stress without viscosity, was calculated 
as 4 × mean blood velocity/vessel diameter. 

2.3.3. Subjective measurements 
Participants completed the State-Trait Anxiety inventory (Spiel-

berger, 1983) before and immediately after each hot tub session. 
Perceptual measures of thermal comfort and thermal sensation were 
measured every 10 min on scales of +5 (very comfortable and very hot 
respectively) to − 5 (very uncomfortable and very cold respectively) 
modified from (Epstein and Moran, 2006). To assess changes in mood 
throughout each session, participants provided a score on the feelings 
scale, a single-item measure of the valence dimension of affect (Williams 
et al., 2008). The scale ranges from +5 (very good) to − 5 (very bad). 
Enjoyment of each session overall was measured using a modified 
version of the physical activity enjoyment scale (PACES) after each 
session (Mullen et al., 2011). The scale asks participants to rate their 
enjoyment (1–7 scale, with a score of 1 being positive and 7 negative), 
across the following 8 subcategories; Pleasurable, Fun, Pleasant, Invig-
orating, Gratifying, Exhilarating, Stimulating, Refreshing. After the final 
trial, participants were asked to rank the experimental trials from most 
to least preferred. 

2.3.4. Saliva sampling and analysis 
Whole mixed unstimulated saliva samples were collected by 

passively drooling into a sterile Eppendorf. Samples were then centri-
fuged 3000 g for 10 min to separate particulate matter and then stored at 
− 20 ◦C until batch analysis. Salivary cortisol was measured using a 
commercially available enzyme-linked immunosorbent assay kit (prod-
uct code KGE008B, Bio-Techne, Abingdon, United Kingdom). All 
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samples were analysed in duplicate and all procedures were followed 
according to the manufacturer instructions. To minimise variation be-
tween assays, all samples from an individual participant were assessed 
on the same assay. Protein concentrations were determined in relation to 
a four-parameter logistic curve (GraphPad Prism Version 10, Boston, 
Massachusetts, USA). In our hands, the intra-assay coefficient of varia-
tion was 7.2 ± 1.3 %. 

2.4. Statistical analysis 

Unless stated otherwise, data were analysed using a linear mixed 
model with time and condition as fixed effects and subjects coded as a 
random effect. To identify the location of any statistically significant 
effects (reported as P values, where P < 0.05 is a significant result), post- 
hoc pairwise comparisons were conducted using Tukey’s test. Enjoy-
ment data were nonparametric and therefore analysed using a Kruskal- 
Wallis test. Participant preferences for each trial were calculated as 
counts then analysed used the chi-square test. Empirical data are pre-
sented as mean ± standard deviation when describing absolute values, 
mean difference and 95% confidence intervals (CI) are presented when 
describing differences identified in post hoc testing. Effect sizes (Cohen’s 
d) were calculated in order to assist with assessing the practical signif-
icance of the findings. Enjoyment and mood data which are reported as 
median and interquartile range. All analyses and figures were created 
with GraphPad Prism version 10. 

3. Results 

3.1. Temperature responses 

Water temperature showed significant interaction between condition 
and time (F = 87.4, P < 0.001). At the start of each session the average 
water temperature was within 0.1 ◦C of the temperature set on the de-
vice (39 ◦C) and then subsequently decreased in all conditions (P <
0.001) (Fig. 1A), reaching 38.6 ± 0.3 ◦C, 38.4 ± 0.3 ◦C and 37.5 ±
0.2 ◦C in the Control, Hydro Jet and Air Jet respectively. The decrease in 
temperature was significantly greater in Air Jet compared to the Control 
(mean difference, 1.08 ◦C, 95% CI = 0.79–1.38 ◦C, P < 0.001, d = 2.27), 
and Hydro Jet conditions (mean difference, 0.92 ◦C, 95% CI =
0.63–1.20 ◦C, P < 0.001, d = 1.93). 

Thermal sensation (Fig. 1B) showed a significant condition by time 
interaction (F = 5.92, P = 0.003), increasing over time in all conditions, 
continuing to increase up to 30 min in the Control and Hydro Jet con-
ditions (P < 0.001|), but plateauing after 20 min in the Air Jet condition. 
As such, at 30 min, thermal sensation was significantly lower in the Air 
Jet compared to the Control (mean difference, 1.1 AU, 95% CI = 0.5–1.7 
AU, P < 0.001, d = − 0.65) and Hydro Jet conditions (mean difference, 
1.0 AU, 95% CI = 0.36–1.6 AU, P = 0.002, d = − 0.58). In contrast, hot 
water immersion increased thermal comfort compared to baseline 
(mean difference, 1.9 AU, 95% CI = 0.9–2.8 AU, P < 0.001, d = 0.30) 
(Fig. 1C), but with no condition (P = 0.17) or interaction effects (P =
0.09). During immersion, thermal comfort gradually declined to a nadir 
at 30 min (mean difference, 1.15 AU, 95% CI = 0.22–2.08 AU, P <
0.001, d = − 0.18). 

3.2. Cardiovascular responses 

3.2.1. Heart rate 
Heart rate increased in all conditions, showing a significant main 

effect of time (F = 160.3, P < 0.001), peaking at 30 min in all conditions 
(mean difference, 31 bpm 95% CI = 27–37 bpm, P < 0.001, d = 1.38) 
(Fig. 2). There was no significant condition by time interaction (F = 2.5, 
P = 0.059). 

3.2.2. Blood pressure 
There were main effects of time for all blood pressure metrics (P <

0.001). Immediately following the hot tub sessions systolic, diastolic and 
mean arterial blood pressure (Fig. 3A–C) were significantly reduced 
(mean difference 9 mmHg, 95% CI = 3.6–14.4, d = − 0.36, 19 mmHg, 
95% CI = 15.8–22.9, d = − 0.84 and 16 mmHg, 95% CI = 12.2–19.6, d =
− 0.66 respectively, all P < 0.001). All blood pressure parameters 
returned to baseline by 30 min post (P > 0.05). There were no condition 
× time interactions (P > 0.05). 

3.2.3. Superficial femoral artery diameter, blood flow and shear rate 
For blood flow there was a significant interaction between condition 

x time (F = 4.8, P = 0.01) (Fig. 4A). Blood flow was significantly 
elevated immediately post hot tub in all conditions (P < 0.001, Δ362 
ml/min, d = 1.20), however, the magnitude of increase was significantly 
lower in the Air Jet condition compared to the Control (P < 0.001, mean 
difference, 171.8 ml/min, 95% CI = 79.6–263.9 ml/min, d = 0.43) and 
Hydro Jet (P < 0.005, mean difference, 124.8 ml/min, 95% CI =
32.7–217 ml/min, d = 0.18). Similarly, mean shear rate showed a sig-
nificant condition × time interaction (F = 4.04, P = 0.02) (Fig. 4B), and 
was elevated immediately post all hot tub conditions (P < 0.001), but 
the magnitude of the increase in shear rate was significantly lower in the 
Air Jet compared to Control condition (P < 0.001, mean difference, 
52.24 s− 1, 95% CI = 22.57–81.92 s− 1, d = 0.52). There was no time (F =
1.22, P = 0.28), condition (F = 0.11, P = 0.88) or interaction effects (F =
1.7, P = 0.19) on superficial femoral artery diameter. 

3.3. Anxiety and stress responses 

State-trait anxiety inventory score showed a main effect of time, 
reducing post immersion (main effect of time, F = 11.07, P = 0.0035, 
mean difference 3.25 AU, 95% CI = 0.35–6.1, d = − 0.20) (Fig. 5A). 
There were no significant effects of condition nor interactions between 
time and condition (P > 0.05). Salivary cortisol showed a similar 
response to anxiety, there was a main effect of time (F = 7.5, P = 0.01), 
decreasing across all conditions (P = 0.014, mean difference 3.02 nmol/ 
L 95% CI = 0.71–5.3 nmol/L, d = − 0.11) (Fig. 5B). There were no 
condition or interaction effects (P = 0.68 and P = 0.37, respectively). 

3.4. Mood and enjoyment 

Mood, as measured by the feelings scale, was generally positive 
throughout all conditions (median = 3, IQR 2–4 AU). The were no effects 
of time (F = 2.1, P = 0.14), condition (F = 0.1, P = 0.86) or interaction 
(F = 0.5, P = 0.65) on mood. Similarly, there was no difference in the 
level of enjoyment reported across different subscales for each condition 
(all P > 0.05) (Table 1.). Participant preferences are reported in Table 2. 
The was no statistical difference between the ranking of different trials 
(X2 (4, N = 20) = 7.8, P = 0.09). 

4. Discussion 

The primary findings of this study were that a single 30-min hot tub 
session resulted in transient increases in heart rate, blood flow and shear 
rate in the superficial femoral artery, while reducing blood pressure, 
anxiety, and stress hormone levels. Underwater massage did not offer 
any additional effect on these responses and therefore our hypothesis 
can be rejected. Further, this is the first study to demonstrate that when 
massage was delivered by air jets, water temperature is considerably 
reduced, leading to blunted increases in superficial femoral artery blood 
flow and shear rate compared to control and water jet delivered 
massage. 

Hot water immersion resulted in positive cardiovascular responses, 
as evidenced by transient increases in heart rate (≈31bpm), superficial 
femoral artery blood flow and shear rate (≈345%) and decreases in 
blood pressure (SBP≈ 9 mmHg, DBP≈19 mmHg). These responses are 
typical of what has previously been reported in the literature with 
similar interventions (Thomas et al., 2017) and demonstrate vascular 
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Fig. 1. Water temperature (A), Thermal sensation (B) and thermal comfort (C) during each experimental trial. * Represents a significant main effect of time in all 
conditions. # Represents a significant difference between Air Jet and the other two conditions at 30 min. 
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and psychological stress responses consistent with those known to elicit 
multifaceted cardiovascular and mental health benefits if repeated 
chronically (Brunt and Minson, 2021). Importantly, this study shows for 
the first time that underwater massage does not enhance these benefits. 
Indeed, the observed increases in superficial femoral artery blood flow 
and shear stress were blunted following the Air Jet condition. Therefore, 
if increasing blood flow and shear rate are to be considered important for 
the cardiovascular health benefits of water immersion, continuous 
air-based massage should be avoided. The observed blunting of shear 
rate and blood flow observed in the Air Jets condition appears to be due 
to the lower water temperature at the end of the Air Jet trial (≈1 ◦C 
lower Vs Control and Hydro Jet), rather than due to the physical pres-
sure of the massage (Chiesa et al., 2016). Indeed, a similar blunting was 
not observed when using a water-based massage system in the Hydro Jet 
condition, which maintained temperature to a similar level to Control. 
However, the dose response relationship between temperature of water 
immersion and important vascular responses, such as shear stress and 
blood pressure, have not been established and future studies should 
systematically assess this. 

Our results show that thermal comfort peaked at 10 min and sub-
sequently declined thereafter, while thermal sensation continued to rise 
(Fig. 1B and C). It is notable that at the end of the 30-min immersion, 
mean thermal comfort was still positive. This is in contrast to more 
recently used protocols which are longer (>45 min) and hotter protocols 
(40 ◦C), where significant thermal discomfort has been reported 
(Hoekstra et al., 2018; Steward et al., 2023). Given that water temper-
ature and the resulting thermal sensation were lower in the Air Jet 
condition at 30 min, it is plausible that Air Jet massage, may improve the 
tolerability of and adherence to longer hot water immersion protocols. 
However, this should be tempered with the apparent trade-off with 
reduced shear stress if this is the desired stimulus for adaptation. 

Psychological responses to hot water immersion were generally very 
positive, with participants reporting it to be particularly enjoyable, 
scoring particularly highly in the sub scales “pleasurable”, “pleasant” 
and “refreshing”, but less well for “exhilarating”. There were no statis-
tically significant differences between trials for the scores in each of the 
categories, showing that neither Air Jets nor Hydro Jets were consis-
tently more enjoyable than having no massage (Control). Given that 
there is consistent evidence that massage by manual therapy is consid-
ered to be enjoyable (Field, 1998), it was a surprising result that the 
addition of underwater massage did not enhance the enjoyment of hot 
tub bathing. Indeed, participant preferences (Table 2), show a similar 
pattern to enjoyment, as participants did not appear to consistently 
favour one condition over the other. These results suggest that people 
have highly individualised preferences in relation to the type of hot tub 
bathing they favour, and this should be an important consideration for 
long-term adherence. It is important to also acknowledge and consider 
that there is likely to be a trade-off between enjoyment and physiolog-
ical efficacy. Similarly, there were significant reductions in anxiety 

Fig. 2. Heart rate response throughout each experimental trial. * Represents a 
significant main effect of time in all conditions. (P < 0.05). 

Fig. 3. Systolic (A) and diastolic (B) blood pressure, mean arterial pressure (C). 
* Represents a significant main effect of time in all conditions. (P < 0.05). 
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(≈10%) and salivary cortisol (≈22%) due to hot tub bathing but with no 
additional benefit (or detrimental effects) of underwater massage. In the 
case of salivary cortisol, these findings are in agreement with those re-
ported in a recent systematic review of the effects of balneotherapy 
(Antonelli and Donelli, 2018). It is also important to highlight that the 
majority (15 out of 20) of participants in the current study were clas-
sified as having no or low anxiety (scoring between 20 and 37 on the 
state trait anxiety inventory), and greater reductions in stress and anx-
iety are likely in people with greater stress levels (Toda et al., 2006). 
Nonetheless, these are particularly important results given that chronic 
stress is highly prevalent in modern society, and that persistent stress 
can lead to a number of health issues, such as high blood pressure, 
disruptions to immunoendocrine function and depression (Schneider-
man et al., 2005). As such, hot water immersion offers a potentially 
easily accessible and enjoyable method of reducing stress and anxiety. 

The study does have some limitations. Firstly, we did not obtain 
vascular measurements throughout the immersion period, and this 
would have proved useful to better understanding the time course of 
changes and may have provided more detail on the potential impact of 
changing water temperature. Indeed, some acute studies have controlled 
for changes in water temperature by closely monitoring the temperature 
and adding in additional hot water when temperature decreases. In 
contrast, we chose to treat water temperature as an outcome measure 
rather than control it throughout each trial by manually manipulating 
the temperature. While our approach could be considered a limitation; 
we felt this approach significantly increases the ecological validity of our 
findings and, importantly, allowed us to demonstrate the blunting ef-
fects caused by the decrease in water temperature observed in the Air Jet 
condition. Secondly, we did not control for the phase of the menstrual 
cycle in which females attended for each of their test sessions. It could be 
argued that this may have increased the variability in our data to small 
degree, however, it increases the ecological validity of our findings 
which are not specific to one phase of the menstrual cycle (Stanhewicz 
and Wong, 2020). Finally, it is important to emphasise that the re-
sponses measured in this study may have been different if the temper-
ature of the water and duration of immersion were different and the 
findings of this study should not necessarily be applied to other 
scenarios. 

5. Conclusion 

This study demonstrated that 30 min of hot water immersion resul-
ted in large increases in superficial femoral artery shear rate and 
decreased blood pressure, anxiety, and salivary cortisol. However, un-
derwater massage did not enhance these benefits, and in the case of 
massage by air jets, caused a decrease in water temperature which 
blunted some of the beneficial vascular responses. 
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Fig. 5. State-Trait Anxiety Inventory (STIA) (A) and salivary cortisol (B) at baseline and after each experimental trial. AU=Arbitrary units. * Represents a significant 
difference decrease in all conditions. 

T. Cullen et al.                                                                                                                                                                                                                                   



Journal of Thermal Biology 121 (2024) 103858

8

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
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Table 1 
Comparisons of enjoyment subcategories between different experimental con-
ditions. Each subcategory is scored on a 1–7 scale, with a score of 1 being pos-
itive and 7 negative). Data are displayed as median and interquartile range.   

Control Air Jet Hydro Jet P Value 

Pleasurable 2 (1–2) 2 (1–3) 2 (1–2) 0.87 
Fun 3 (2–4) 3 (1.25–3.75) 3 (2–4) 0.46 
Pleasant 2 (1–3) 2 (1–3) 2 (1–2) 0.99 
Invigorating 3 (2–4) 3 (1–4) 2 (1–3) 0.11 
Gratifying 3 (1–3) 3 (1.25–4) 2.5 (1–3) 0.71 
Exhilarating 4 (3–5) 4 (3–5) 4 (2.25–5) 0.94 
Stimulating 3 (2–4) 3 (1–4) 3.5 (2–4.75) 0.46 
Refreshing 2 (2–3) 2 (1–3.75) 2 (1.25–3.75) 0.96  

Table 2 
The distribution of participant preferences between experimental conditions.   

Control Air Jet Hydro Jet 

Most favourite 6 8 6 
Intermediate 9 2 9 
Least favourite 5 10 5 
Total 20 20 20  
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