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Abstract


Student sleepiness during classes is a frequently reported condition that can impair performance in the teaching–learning process and is even unsustainable for health. Although the environmental quality of the classroom may affect the students’ sleepiness, studies that exhaustively investigate the relationship between indoor environmental quality (IEQ) and sleepiness levels in classrooms are lacking. To this end, in the present paper, we carried out an experimental pilot study involving twenty-seven Italian adolescent students to determine the increase in their sleepiness rate during the school period utilizing the Epworth Sleepiness Scale (ESS). The analysis was performed in a classroom in which the indoor environmental quality was monitored, including measurements of the thermal comfort, sound pressure level, illuminance, carbon dioxide (CO2) concentrations, and airborne particle concentrations (both sub-micrometric particles and PM10). Three measurement days were considered. The results showed that student sleepiness significantly increased during the school period (Day 1 p = 0.00, Day 2 p = 0.03, and Day 3 p = 0.03). This increase was observed on measurement days characterized as having both perceived higher and lower thermal comfort and even in the presence of limited exposure to airborne particle concentrations, presenting an association with the high indoor concentration of CO2 detected in the classroom (Day 1 between 978 and 3261 ppm; Day 2 between 1044 and 2338 ppm; Day 3 between 1116 and 2623 ppm), due to reduced ventilation rates and the students’ sleepiness. Thus, the findings suggest that adequate ventilation rates can limit the increase in the rate of sleepiness, indicating, from our pilot study, that recommendations of sustainable environmental practices through comprehensive feasibility studies can promote positive changes in indoor environments such as classrooms.
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1. Introduction


Indoor environmental quality (IEQ) in schools is an important aspect to be considered in view of guaranteeing student health and school performance [1,2,3]. Thermal comfort, noise, illuminance, and exposure to contaminants (e.g., CO2) may affect the students’ perceptions, responses, and performances, whereas exposure to pollutants (e.g., airborne particles, volatile compounds, etc.) may result in increased health risks [4,5,6,7].



Whilst thermal comfort and illuminance in classrooms are well documented and/or standardized [8,9,10,11,12], indoor air quality parameters (i.e., CO2, airborne particles, etc.) are not regulated and, to date, have been poorly investigated. This is an important issue since air quality is one of the main public health problems in indoor environments [13,14,15]. Greater importance has recently been given to indoor air quality due to the COVID-19 pandemic [16,17], because of the large role of airborne transmission in spreading respiratory viruses [15,18]; nonetheless, indoor air quality still represents one of the major challenges for technical and scientific communities involved in designing and managing indoor environments [19,20,21].



Indoor air quality in classrooms is strictly related to their location within the city: schools located in urban areas and/or close to main streets may record high concentrations of outdoor-generated pollutants (e.g., sub-micrometric particles, PM10, NOx, black carbon, etc.) in classrooms, as well as outdoor-to-indoor penetration [22,23]. Moreover, a further influence parameter on IEQ is building ventilation: low air exchange rates could cause accumulation, followed by high concentrations of indoor-generated pollutants (e.g., VOCs, PM10) and contaminants (CO2); on the contrary, manual airing would reduce these concentrations but could enhance the abovementioned outdoor-to-indoor penetration of outdoor-generated pollutants [17,24]. Although a technical solution that simultaneously guarantees dilution of indoor-generated pollutants and filtration of outdoor-generated pollutants does exist, i.e., mechanical ventilation [25], its use is still extremely limited worldwide [26,27].



Adolescents spend a significant amount of time in schools in classrooms, developing various activities [28,29], related to their age and the teaching process. Spending time in classrooms can increase exposure to harmful pollutants or contaminants that can generate negative health effects [30,31,32,33]. Previous studies strongly indicated that classrooms with inadequate CO2 levels and ventilation rates can lead to health symptoms [1,34,35,36]. In addition, children and adolescents may present psychophysiological symptoms, such as increased levels of sleepiness during the class period, impairing school performances [5]. This effect was also recognized during exposure to PM, O3, and SO2 [37,38]. Excessive daytime sleepiness in children and adolescents is a frequent condition that can negatively affect the teaching–learning process [39]. Thus, further research is needed, since there is a lack of investigations on the relationship of IEQ with levels of sleepiness in adolescent students in classrooms [40,41].



Furthermore, there is a call from the United Nations for sustainable development in its 2030 Agenda, which highlights the importance of providing inclusive and safe learning environments. Thus, understanding and improving indoor air quality and environmental conditions is a fundamental part of the commitment to sustainability and health. This becomes even more crucial when the goal is to ensure healthy living environments and promote high-quality education. Considering the difficulties that many environments represent for the development of experimental studies, the literature robustly demonstrates that the alternative of pilot and feasibility studies is important to allow scientific advancement in a given research topic [42,43,44,45].



The current study aims to assess the quality of the indoor environment in a fully characterized classroom by associating it with student sleepiness on three different school days. We seek to present sustainable pathways since students spend a large part of their day in indoor environments, such as classrooms. To this end, a pilot study was conducted to measure the sound pressure level, illuminance, thermal comfort parameters, CO2, particle number concentration, and PM10 concentration in the classroom, and the Epworth Sleepiness Scale (ESS) was applied to students.




2. Materials and Methods


2.1. Participants and Site Description


The analysis involved 27 adolescent students (aged 16.7 ± 0.6 years) attending an Italian high school in Cassino (FR, Italy). In particular, the school is located in the rural area of the city, more than 1 km away from the city center and main roads or highways. The students attended lessons in a classroom with the following dimensions: floor surface 48 m2; ceiling height 3 m. The classroom is not equipped with a mechanical ventilation system; thus, the ventilation relies only on natural ventilation, i.e., poor airtightness of the building and manual airing. The classroom has 2 single-glazed aluminum inward-opening windows.



The experimental analysis was carried out in February 2020 (before the spread of the COVID-19 pandemic in Italy); in particular, the classroom (and the attending students) was analyzed on three different days (hereinafter referred to as Days 1, 2, and 3). Lessons started at 08.30 a.m. and ended at 12.30 p.m. (4 h) on Days 1 and 3 and at 01.30 p.m. on Day 2. During the analysis, no specific indications regarding ventilation were imposed, and windows and doors were kept mostly closed, although teachers and students were free to open them according to their air quality and thermal comfort perceptions. The graphical representation of the methodology is used in Figure 1.




2.2. Indoor Environmental Quality Characterization


The classroom (and attending students) under investigation was completely characterized from an environmental quality point of view, including measurements of sound pressure level, illuminance, thermal comfort, CO2 concentration, particle number concentration (PNC) and size distribution (i.e., metrics best representing the sub-micrometric particles), and PM10 concentration (metrics typical of super-micrometric particles).



Sound pressure level was measured with a Delta Ohm Class 1 HD2110 (Geass; declared uncertainty <0.7 dB), adopting an A-weighted sound pressure level and post-processing the data as 1/3 octave band.



Illuminance was measured through a luxmeter ESR000 (LSI LASTEM S.R.L., Milan (Italy)) measurement range 0–5000 lux, resolution 0.5 lux), which is able to measure illuminance in indoor applications according to the response of the human eye (Vlamba CIE curve); the luxmeter was connected to a datalogger (Alpha-Log, LSI Lasten Srl).



Indoor CO2 concentration was measured using a non-dispersive infrared analyzer (Testo—Ambient CO2 probe; concentration range: 0–10,000 ppm) connected to a Testo 435-4 Datalogger; data were collected adopting a 1 min average time.



Particle number concentration (and size distribution) was measured through a Nanoscan SMPS spectrometer (Model 3019, TSI Incorporated, Shoreview, Minnesota, USA ), which is a portable differential mobility particle size spectrometer designed to measure particle size distributions and total concentrations in the range of 10–420 nm (13 size channels), with a sampling time of 1 min.



PM10 concentration was measured by means of the photometer DustTrak™ DRX Aerosol Monitor (Model 8534, TSI Incorporated, Shoreview, Minnesota, USA), which measures PM10 concentrations on the basis of a light scattering technique with a 1 s time resolution. For the purpose of the current research, data were collected adopting a 1 min average time.



The thermal comfort evaluation was performed adopting Fanger’s method, provided by the ISO 7730:2005 standard. Ergonomics of the thermal environment—Analytical determination and interpretation of thermal comfort using calculation of the predicted mean vote (PMV) and percentage of dissatisfied (PPD) indices and local thermal comfort criteria. International Organization for Standardization, Geneva, Switzerland, 2005 [8]: the standard provides the analytical method to calculate the PMV and PPD on the basis of seven independent variables (temperature, relative humidity, air velocity, mean radiant temperature, clothing thermal insulation, metabolic activity level, and effective mechanical power). In particular, temperature and relative humidity were measured using the Testo—Ambient CO2 probe connected to a Testo 435-4 Datalogger, air velocity was measured by means of a hot wire anemometer (Testo 0635 1025—Testo S.p.A., Settimo Milanese, Italy; Probe head diameter: 7.5 mm, measuring range: 0–20 m s−1) connected to a Testo 435-4 Datalogger, and mean radiant temperature was measured through a black globe environment sensor (EST131—LSI LASTEM S.R.L., Milan (Italy)) connected to a datalogger (Alpha-Log—LSI LASTEM S.R.L., Milan (Italy)). Values of clothing thermal insulation, metabolic activity level, and effective mechanical power were obtained according to the suggestions of the ISO 7730:2005 standard [8] as a function of the clothes typically used by the students during the winter period and of the activity typically performed in the classroom while attending lessons. Thus, the following values were adopted for clothing thermal insulation, metabolic activity level, and effective mechanical power, respectively: 1.2 clo (consider that 1 clo is equal to 0.155 m2 K W−1), 70 W m−2, and 7 W m−2.



All the instruments were placed on a desk in the center of the classroom in order to estimate the average values of the indoor environment. All data were post-processed as 1 min average values. Data recording started half an hour before the beginning of the classes and finished when the classes ended.




2.3. Sleepiness Measurement


Students were asked to answer (i) a general characterization questionnaire and (ii) the Epworth Sleepiness Scale to evaluate sleepiness. The general characterization questionnaire consists of questions related to age, sex, and self-assessment of health and sleep quality. The Epworth Sleepiness Scale is a simple, self-administered scale, with eight statements about the tendency to daytime sleepiness in everyday situations [46]. In order to evaluate the variation in student sleepiness during the school day, the Epworth Sleepiness Scale (ESS) was completed by the students at the beginning and at the end of each school day.



A score from 0 to 3 was assigned to the collected answers, and the final score was calculated from the sum of the scores (varying from 0 to 24): the higher the score, the higher the daytime sleepiness of the individual. Scores up to 10 are considered as normal, scores between 11 and 15 as pathological, and scores between 16 and 24 as very pathological [47].



The ethical committee of the University of Cassino and Southern Lazio approved this study. Informed consent was obtained prior to study participation from the parents of the recruited children.




2.4. Statistical Analysis


The data were analyzed using descriptive (median frequencies and percentages) and inferential statistics. Initially, the data were tested through a preliminary normality test (Shapiro–Wilk test with a 95% confidence level, i.e., p-value < 0.05) to verify if they followed a Gaussian distribution. With respect to inferential statistics, since the distributions of the data were not parametric, the Wilcoxon test was used to calculate the difference between the sleepiness scores collected before and after the class. The significance adopted for all tests was 95% (p < 0.05). The Pearson linear correlation coefficient was used to determine the association between CO2 levels and sleepiness. Correlation values were considered weak when r = 0.10–0.39, moderate when r = 0.40–0.69, and strong when r = 0.70–1 [48]. All analyses were performed using the Statistics Package for Social Science software, version 20.





3. Results and Discussions


3.1. Characteristics of the Students


Table 1 presents the characteristics of adolescent students collected from the general questionnaire they completed. Regarding health perception, more than 50% of the students reported a perception of health from normal to very good. A large fraction (roughly 40%) reported a bad to very bad health perception even though the frequency of illness was generally positive (more than 60% confirmed infrequent illness). Concerning smoking habits, students mostly reported limited or null tobacco use. With respect to sleep quality, only around 50% of the students reported normal to excellent sleep quality, whereas roughly 40% of the students rated their sleep quality as poor or very poor. When the level of physical activity was investigated, most students evaluated themselves as active and also participated in physical education classes. Finally, the perception of school performance was normal to excellent for approximately 50% of students, while roughly 30% reported a negative perception of their school performances.




3.2. Indoor Environmental Quality in the Classroom


Table 2 presents the median values (and corresponding 5th–95th percentile ranges) of the environmental quality parameters measured and evaluated in the classroom, investigated for the three measurement days. With respect to the sound pressure level, median values >70 dB were measured, which is much higher than the ideal value for optimal teaching and learning conditions but is still representative of the noise in classrooms [49]. The median illuminance was higher than the threshold value (300 lux) imposed by the EN 12464-1:2021 standard—Light and lighting. Lighting of work places Indoor work places. European Committee for Standardisation, 2021 [9], on Days 1 and 2, and slightly lower on Day 3.



Regarding the thermal comfort parameters, measurements and evaluations performed on Days 1 and 2 revealed an extremely good satisfaction rate, as the PPD and PMV values are within the Class A limit values suggested by the ISO 7730:2005 standard [8]. On the contrary, on Day 3, the students experienced the worst thermal comfort, with PMV and PPD values (median values 0.6 and 11.5%, respectively) in the lower Classes (B/C), likely due to a high median air temperature. This temperature change could be due to both the presence of students and the increase in outside temperature during the morning.



With respect to the parameters strictly related to the indoor air quality (i.e., pollutants and contaminants), Table 2 clearly shows that CO2 median concentrations during school time are much higher than 1000 ppm, confirming that the natural ventilation strategies adopted are not able to provide adequate air exchange rates [50]. This was expected and is clearly depicted by the CO2 concentration trends measured in the classroom during the experimental analysis and shown graphically in Figure 2. In fact, as soon as the lessons started (and the classroom was occupied), the CO2 concentrations increased (from background levels, i.e., “CO2 before school” reported in Table 2) due to the reduced ventilation rate (typical with windows closed) and the CO2 emissions from the students/teachers. Thus, although temporary exponential decays are recognized during the school period due to possible window and/or door opening periods (i.e., manual airing), these are not able to significantly reduce the CO2 concentrations.



The ventilation strategies adopted by students and teachers occupying the classroom also affect the indoor airborne particle concentrations. As an example, indoor PM10 concentration may be affected by both particle penetration from outdoors and possible resuspension phenomena [24,25]. Since the school is located in a rural area, low outdoor concentrations are expected, confirmed by the low median indoor PM10 levels during the school period (12 to 20 µg m−3). On the contrary, the high 95th percentile of PM10 values is likely due to indoor PM10 generation due to resuspension.



Indoor particle number concentrations are not affected by indoor generation (no combustion sources are in operation indoors) or resuspension phenomena; thus, their trends are only related to outdoor concentrations and possible enhanced penetration during airing periods [24]. This is clearly shown in Figure 3 where, as an illustrative example, the particle number and PM10 concentration trends measured during the experimental campaign carried out on Day 3 are reported; both the airborne particle metrics increased when the CO2 decreased (please see Figure 1), i.e., when the windows were opened and outdoor particles penetrated indoors. Nonetheless, due to the school’s location (in a rural area away from main particle sources), the particle number concentration (as well as PM10 concentrations mentioned above) results were quite low, with particle concentrations around 1.0 × 104 part. cm−3 or even lower, as shown in Table 2. The reduced effect of possible outdoor combustion sources is also demonstrated by the median particle number distributions measured in the classroom during the experimental analysis and reported in Figure 4: the main mode of the distributions was around 100 nm, i.e., typical of aged aerosols, with only a minor mode at lower diameters (20–40 nm), typical of fresh particles emitted by vehicles, being detected. In summary, the students included in this study did not receive high exposure to airborne particles when compared to those typical of schools located in urban areas or close to main roads.




3.3. Student Sleepiness


Table 3 summarizes the results of the students’ sleepiness as obtained from the Epworth Sleepiness Scale (ESS) scores collected at the beginning and end of the school days. The analysis shows that the students’ sleepiness indices at the end of the classes were higher than those at the beginning of classes on all days (student groups) investigated. In particular, in the statistical tests performed, the comparisons show a significant increase in the students’ sleepiness rates during school days.



The increase in the students’ sleepiness did not appear to be related to the different thermal comfort conditions detected in the classroom on the three days; moreover, considering that airborne particle concentrations, sound pressure levels, and illuminance conditions are not critical (and were quite similar between the days), this increase could in principle be related to CO2 concentration increases in the classroom. Although other factors may be associated with increased sleepiness in classes, such as physical and mental fatigue and the quality and quantity of the lesson content, the increase in CO2 concentration in the classroom was recognized as a main parameter affecting the reduction in activation or attention [51,52,53,54,55].



A moderate inverse correlation between CO2 levels and sleepiness was found on Day 2 during the last class period (12:30 p.m.–1:30 p.m.) (r = 0.407, p = 0.048). A moderate correlation was observed on Day 3 during the last class period (11:30 a.m.–12:30 p.m.) (r = −0.422, p = 0.045). Based on these results, we can observe an association between students’ levels of sleepiness at the end of class and the levels of CO2 concentrations present in the room, when the accumulation remained between 1467 and 2275 with an average of 1949.60 on the second day of collection and between 1121 and 1510 with an average of 1295.11 on the third day of collection.



This is a critical aspect, since learning requires good working conditions, including a favorable environment, to facilitate participation with attention and maintenance of full cognitive activity. Nonetheless, we recognize that even good thermal comfort perception, reduced exposure to airborne particles, good illuminance, and a typical high sound pressure level may not be enough to limit the students’ sleepiness. The alleged effect of the CO2 concentration means that guaranteeing a proper ventilation rate could be even more important than good thermal comfort perception; this is a large concern, since most schools worldwide are not able to provide adequate ventilation rates as they are not equipped with mechanical ventilation systems [26,27].




3.4. Sustainability, Innovations, Limitations, and Future Studies


The results presented here are exciting and sustainable, as they detail a classroom completely characterized from the point of view of environmental quality, representing a strong point of the proposed research, in addition to the empirical investigations associating environmental quality and cognitive aspects, such as levels of sleepiness, which is an innovation in the area, as it is still little reported and studied. Categorizing a natural environment can, with some behavioral changes such as allowing outside air into the room more frequently and reducing CO2 levels, create a more sustainable environment for students, thus improving IEQ and allowing for fewer negative impacts on students. However, some limitations and opportunities for future research need to be highlighted. First, as we monitored a limited number of days, more monitoring days and a larger number of participants could provide even more power in carrying out ad hoc statistical correlations between environmental quality parameters and student sleepiness data; in fact, monitoring indoor environmental quality is time-demanding, and large campaigns are difficult to perform; another relevant point for future studies is the use of an instrument to assess sleepiness specifically for adolescents in a classroom setting, because in addition to increasing the chance of evidence of sleepiness levels, it will provide more specific questions related to the students’ environment and conditions. Furthermore, although we collected information on students’ health and perceptions of sleep, we did not control for other variables associated with mental health, medications taken, brain injury and depression levels, methods of conducting classes, the presence of test-type stressors, and the compatibility of class topics with students’ interests, among others that may also interfere with sleepiness and attention. We also suggest the use of machine learning for future studies. Machine learning algorithms can be used to predict student sleepiness based on environmental parameters, identify complex patterns in variable relationships, and develop personalized models to predict and manage sleepiness.



On the other hand, our experimental pilot study demonstrated the feasibility of developing more comprehensive studies that deepen the impacts of indoor air quality on student sleepiness and its consequences. Future cross-sectional studies should evaluate indicators of physical and mental fatigue during classes as well as monitor participation indices and apply cognitive tests.





4. Conclusions


In the present paper, we investigated the sleepiness of 27 Italian adolescent students while attending lessons in a classroom completely characterized from an environmental quality point of view (i.e., thermal comfort, sound pressure level, illuminance, and indoor air quality). To this end, we performed a pilot study to measure the environmental quality parameters during the school day, and we asked the students to answer the Epworth Sleepiness Scale before and after classes on three different days.



The research revealed that students’ sleepiness significantly increased during school days; this increase was recognized on days characterized as having both higher and lower thermal comfort perceptions and even in the presence of limited exposure to airborne particle concentrations (both in terms of particle number and PM10 concentrations), presenting an association with the high indoor concentration of CO2 detected in the classroom due to reduced ventilation rates and students’ sleepiness levels. These findings, although they do not represent a cause-and-effect relationship, provide important indications about the need for adequate ventilation rates (and mechanical ventilation systems) allowing lower CO2 concentrations.



It is important to note the limitations of this study and to be cautious when interpreting the data, since this pilot study, despite shedding light on parameters that need to be better understood in the literature, had few days of data collection for broader results to be able to demonstrate cause and effect. Recommendations for future studies need to be considered because they present environmental sustainability parameters that need to be put into practice. Further studies are needed to better relate sleepiness and environmental quality and should also include monitoring of the physical and mental fatigue resulting from exposure time and involvement in classes activities.
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Figure 1. Methodology overview. 
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Figure 2. CO2 concentration trends measured in the classroom during the experimental analysis on the three different days. 
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Figure 3. Particle number concentration (PNC) and PM10 trends measured during the experimental campaign carried out on Day 3. 
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Figure 4. Median particle number distributions measured in the classroom for the three different days of the experimental analysis. 
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Table 1. Characteristics of adolescent students resulting from the general questionnaire.
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Sex

	
Male

	
11

	
40.7%




	
Female

	
16

	
59.3%




	
Health perception

	
Very bad

	
1

	
3.7%




	
Bad

	
10

	
37.0%




	
Normal

	
9

	
33.3%




	
Good

	
3

	
11.1%




	
Very good

	
2

	
7.5%




	
They did not respond

	
2

	
7.4%




	
Frequency of illness

	
Never

	
1

	
3.7%




	
Rarely

	
16

	
59.3%




	
Sometimes

	
8

	
29.6%




	
They did not respond

	
2

	
7.4%




	
Smoking

	
Never

	
16

	
59.3%




	
Rarely

	
7

	
25.9%




	
Sometimes

	
1

	
3.7%




	
Often

	
1

	
3.7%




	
They did not respond

	
2

	
7.4%




	
Sleep quality

	
Very poor

	
1

	
3.7%




	
Bad

	
10

	
37.0%




	
Normal

	
11

	
40.7%




	
Good

	
1

	
3.7%




	
Excellent

	
2

	
7.4%




	
They did not respond

	
2

	
7.4%




	
Level of physical activity

	
Active

	
19

	
70.4%




	
Inactive

	
8

	
29.6%




	
Perception of school performance

	
Insufficient

	
1

	
3.7%




	
Weak

	
7

	
25.9%




	
Normal

	
9

	
33.3%




	
Good

	
3

	
11.1%




	
Excellent

	
3

	
11.1%




	
They did not respond

	
4

	
14.8%




	
Participation in physical education classes

	
Yes

	
24

	
88.9%




	
No

	
1

	
3.7%




	
They did not respond

	
2

	
7.4%











 





Table 2. Median values (and corresponding 5th–95th percentile ranges) of the environmental quality parameters measured and evaluated in the classroom on the three days investigated.
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	Parameter
	Day 1
	Day 2
	Day 3





	Sound pressure level (dB)
	71.3 (64.1–82.9)
	72.5 (66.5–87.1)
	76.3 (70.0–86.1)



	Illuminance (Lux)
	387 (313–454)
	371 (275–453)
	285 (199–377)



	Temperature (°C)
	21.9 (20.7–22.7)
	21.6 (20.6–22.2)
	24.2 (22.4–24.9)



	RH (%)
	64.1 (59.6–66.6)
	41.1 (30.9–48.8)
	54.7 (51.1–61.3)



	PMV (-)
	0.0 (−0.3–0.1)
	−0.1 (−0.3–0.0)
	0.6 (0.1–0.7)



	PPD (%)
	5.20% (5.0%–6.5%)
	5.1% (5.0%–6.4%)
	11.5% (5.5%–14.5%)



	CO2 before school (ppm)
	502 (501–519)
	464 (444–491)
	459 (448–489)



	CO2 school time (ppm)
	1937 (978–3261)
	1804 (1044–2338)
	1716 (1116–2623)



	PM10 before school (µg m−3)
	20 (18–21)
	20 (19–31)
	12 (11–13)



	PM10 school time (µg m−3)
	19 (15–23)
	20 (10–70)
	7 (3–11)



	PNC before school (part. cm−3)
	0.98 × 104 (0.97–1.01 × 104)
	0.46 × 104 (0.43–0.47 × 104)
	1.31 × 104 (1.30–1.33 × 104)



	PNC school time (part. cm−3)
	1.11 × 104 (0.89–1.34 × 104)
	0.41 × 104 (0.34–0.61 × 104)
	1.09 × 104 (0.50–1.46 × 104)










 





Table 3. Results of the ESS obtained at the beginning (Pre) and end (Post) of school days represented by median values (and corresponding 5th–95th percentile ranges); Wilcoxon test results (p values) are also reported.
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Day 1

	
Day 2

	
Day 3




	
ESS Pre

	
ESS Post

	
p

	
ESS Pre

	
ESS Post

	
p

	
ESS Pre

	
ESS Post

	
p






	
8.0 [5.0–9.5]

	
8.0 [5.5–10]

	
0.007

	
7.0 [5.0–10]

	
8.0 [5.0–9.0]

	
0.032

	
7.0 [5.0–9.0]

	
7.0 [5.2–9.7]

	
0.034
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