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ABSTRACT 

Sleep facilities in vehicles often have a limited space due to economic and/or operational reasons. 

Currently no guidelines exist on minimal sleep space envelopes for qualitative, effective and 

comfortable sleep. This study aims to preliminary investigate the influence of a 2D minimal space 

envelope on sleep quality, sleep effectiveness and (dis)comfort, in order to work towards such 

guidelines. Forty-one participants slept in three different conditions: night 1) in their normal bed 

space, night 2) in a limited space (170 x 70 cm), and night 3) in a minimal space designed by the 

participant. Night 2 was rated significantly least comfortable and most discomfortable, where  

night 1 in the own bed was rated as most comfortable and least discomfortable. Sleep quality and 

sleep effectiveness were rated worst in the limited space (night 2), which had a 30% space reduction 

relative to an average one person bed. However no significant difference in sleep quality and sleep 

effectiveness between the own bed (night 1) and the minimal space designed by the participant 

(night 3) were found, although space on average was reduced by 25%. This indicates that tweaking 

the dimensions of the reduced sleep space envelope can increase sleep quality, sleep effectiveness 

and comfort. Further research on minimal space envelope design (non-rectangular and 3D) and its 

influence on sleep quality and efficiency, and (dis)comfort is needed, in which sleep behaviour, 

sleeping postures and movement, and anthropometrics should also be taken into account. 
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Introduction 

Sleep facilities in aircrafts, trains, busses, ships, submarines, (autonomous) cars, and other vehicles 

often have a limited space due to economic and/or operational reasons (Smulders, 2018; 

Stanglmeier et al., 2020). Providing an effective and comfortable sleep is important for passenger 

satisfaction (Kluge, Ringbeck, & Spinler, 2020) – also to justify surplus prices (Hugon-Duprat & 

O'Connell, 2015; Kuo & Jou, 2017) – and crew effectiveness and operational safety – e.g. in 

operational safety critical environments such as aircraft cabin crews (Avers, King, Nesthus, 

Thomas, & Banks, 2009; Drury, Ferguson, & Thomas, 2012; Hartzler, 2014), medical staff 

(Dorrian et al., 2008; Gold et al., 1992; Weinger & Ancoli-Israel, 2002), offshore and maritime 

workers (Hope, Øverland, Brun, & Matthiesen, 2010; Hystad, Nielsen, & Eid, 2017; Sneddon, 

Mearns, & Flin, 2013) and military personnel (Good, Brager, Capaldi, & Mysliwiec, 2020; 

Grandou, Wallace, Fullagar, Duffield, & Burley, 2019; Parker & Parker, 2017). There are minimal 

standards for sleep facilities in safety critical environments such as aircraft (Simons & Spencer, 

2007), but no guidelines exist on minimal sleep space envelopes. Such guidelines could help 

designers and engineers to design qualitative, effective, comfortable and compact sleep facilities. 
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This study aims to preliminarily investigate the influence of a 2D minimal space envelope on sleep 

quality, sleep efficiency and (dis)comfort, in order to work towards such guidelines. 

 

Method 

Forty-one participants (see Table 1) were asked to score the experienced sleep quality (by means of 

the Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds III, Monk, Berman, & Kupfer, 

1989)), sleep effectiveness (by means of the Karolinska Sleepiness Scale (KSS) (Åkerstedt & 

Gillberg, 1990; Kaida et al., 2006), the Samn-Perelli 7-point Fatigue Scale (SPFS) (Samn & Perelli, 

1982) and a Rested Scale) and (dis)comfort after a night sleep in three conditions: night 1) in their 

normal bed space (the bed they sleep in in their house, which was usually between 190-200 cm long 

and between 90-140 cm wide), night 2) in a limited space (170 x 70 cm), and night 3) in a minimal 

space designed by the participant (a bed space which is limited, but still rather comfortable, based 

on own insight and their experiences from nights 1 and 2). 

Table 1: Participant demographics (n=41) 

  Mean SD 

Male (n=12) Age [Years]  22.8 1.7 

Stature [m]  1.85 0.07 

Weight [Kg] 75.0 7.6 

Female (n=29) Age [Years]  22.9 1.6 

Stature [m]  1.72 0.07 

Weight [Kg] 62.1 8.5 

The Wilcoxon test (p<.05) for paired examples was used to test for significance in PSQI, KSS, 

SPFS and (dis)comfort. The measurements of the designed minimal 2D space envelopes are 

combined into one average square minimal space envelope. 

Results 

The average comfort and discomfort scores differed significantly (p < .01) (see Figure 1). In their 

normal bed space (night 1) the comfort score was 3.96 (scale 1-5; 5=maximum comfort; SD= 0.73), 

in a limited space (night 2) 2.59 (SD=0.91) and in their own minimal designed sleep space (night 3) 

3.0 (SD=0.90), and in their normal bed space (night 1) the dis-comfort was 1.53 (scale 1-5; 

5=maximum discomfort; SD= 0.60), in the limited space (night 2) 2.98 (SD=0.86) and in their own 

minimal designed sleep space (night 3) 2.4 (SD=0.90). 

 

Figure 1: Distribution of comfort and discomfort scores per night (n=41). Higher comfort and lower 

discomfort scores are considdered better. Significant difference is stated as follows: ** = p ≤ 0.01,  

*** = p ≤ 0.001, **** = p ≤ 0.0001. 

The minimal sleep space designed by the participant varied a lot: the minimal width was 46 cm and 

the maximum was 140 cm, and the length varied from 100 to 200 cm. The mean designed sleep 

space was 166 x 78 cm; a reduction of 25% compared to an average one person bed (see Figure 2). 
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Figure 2: Distribution of minimal space design measurements by the participants for night 3 and a 

visualisation of the 2D space area reduction from average one person bed (190 x 90 cm) to average 

minimal bed design by participants (166 x 78 cm) (n=41). 

 

When looking at the impact on sleep quality, night 2 in the limited bed was scored worse on the PSQI 

score (see Figure 3), the Karolinska Sleepiness Scale (see Figure 4), the Samn-Perelli Fatigue Scale 

(see Figure 5), and the Rested Scale (see Figure 6) by participants than sleeping in their own bed 

(night 1) or their own designed sleep space (night 3). No significant difference was found in sleep 

quality (PSQI) between night 1 and 3. No significant difference in alertness-sleepiness (KSS) was 

found between pre- and post-night for night 2, where nights 1 and 3 resulted post-night in significant 

more alertness to pre-night. Fatigue (SPFS) significantly differed for all nights between pre- and 

post-nights. Participants felt significant more rested post-nights 1 and 3 compared to night 2, where 

no significant difference was found between nights 1 and 3. 

 

Figure 3: Distribution of PSQI scores per night (n=41). Higher PSQI scores are considdered better.  

Significant difference is stated as follows: * = p ≤ 0.05, ** = p ≤ 0.01, **** = p ≤ 0.0001. 

 

Figure 4: Distribution of KSS alertness/sleepiness scores per pre- and post-night (n=41). Lower 

post- than pre-night KSS scores are considdered better. Significant difference is stated as follows:  

* = p ≤ 0.05, ** = p ≤ 0.01. 
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Figure 5: Distribution of SPFS scores per pre- and post- night (n=41). Lower post- than pre-night 

fatigue scores are considdered better. Significant difference is stated as follows: * = p ≤ 0.05,  

** = p ≤ 0.01, *** = p ≤ 0.001. 

 

Figure 6: Distribution of rested after night scores per night (n=41). Lower rested scores are 

considdered better. Significant difference is stated as follows: ** = p ≤ 0.01. 

Discussion 

This study shows that reducing the sleep space envelope influences (dis)comfort, sleep quality and 

sleep effectiveness. Participants were able to sleep in all three conditions, but sleep quality (PSQI), 

sleep effectiveness (KSS, SPFS and Rested scales) and comfort were rated lowest, and discomfort 

rated highest in the limited space of 170 x 70 cm (night 2). The lack of significant difference in 

alertness-sleepiness (KSS) between pre- and post-night 2, and the significant higher post-night 

fatigue (SPFS) and significant lower ‘rested’ score for night 2 compared to night 3 indicate a 

limited recovery and thus limited effectiveness of the night 2 sleep. The minimal space designed by 

the participants (night 3) also showed significant lower comfort and significant increased 

discomfort than the own bed (night 1) (although to a significant lesser extent than night 2), but the 

sleeping quality (PSQI) and sleep effectiveness (KSS, SPFS and Rested scale) scores were not 

significantly different between night 1 and 3, despite the space envelope reduction. What stands out 

is the minor difference in space envelope reduction between night 2 and 3 (30% versus 25% 

reduction compared to an average one person bed of 190 x 90 cm), while night 3 scored significant 

better on (dis)comfort, sleep quality (PSQI) and sleep effectiveness (SPFS and Rested scales) than 

night 2. This makes the space reduction in the average minimal space designed by the participants 

of 166 x 78 cm for night 3 possibly more acceptable for the benefit of space reduction while 

limiting the negative impact on comfort, sleep quality and sleep efficiency. These results also show 

that tweaking the dimensions can significantly improve the comfort, sleep quality and sleep 

effectiveness with still a quite similar reduction in space envelope. 

This study was conducted with a limited population size (n=41) and limited variation in age (range 

of 20-28y). As older age groups have different sleep behaviour than younger age groups (De 

Koninck, Lorrain, & Gagnon, 1992; Luca et al., 2015), generalising the data of this study should be 

done with care. In future research, older populations should also be included. This study was also 

limited as only 2D rectangular spaces were used, whereas non-rectangular and 3D shaped spaces 

could have resulted in more space reduction (e.g. combining multiple beds next to each other with 

non-rectangular spaces and/or stacking on top of each other could create possibilities to have more 



Comfort Congress 2021 Proceedings 

 

passengers sleep comfortably in a minimal space envelope) with the same comfort and sleep 

quality. Different minimal sleep space designs, movement patterns during sleep and 

anthropometrics, and their relation to sleep quality and (dis)comfort need to be investigated further. 

There could be an order influence, as the conditions were sequential, but this was on purpose: by 

experiencing the reduced space (night 2) compared to their normal bed (night 1), participants were 

made aware of the consequences of space reduction in both length and width, allowing them to 

make a motivated redesign based on their own experience for night 3. However, as night 2 

generally resulted in a reduced recovery, it could have influenced the PSQI, KSS, Samn-Perelli 7-pt 

fatigue scale and rested scores of night 2 and sequential night 3. This study is also only based on 

subjective data, as sleep quality was self-reported. Further research might include objective 

polysomnography (PSG) to measure sleep quality and sleep efficiency. 

Conclusion 

Sleeping in a limited space is possible (as shown in this experiment), however the quality of sleep 

and comfort are significantly lower and discomfort significantly higher in the limited space. 

Tweaking the 2D dimensions of the reduced space can limit the negative impact on sleep quality 

and (dis)comfort.  

Further research on minimal space envelope design (non-rectangular and 3D) and its influence on 

sleep quality and efficiency (preferably with PSG), and comfort are needed, where also sleep 

behaviour (Smulders & Vink, 2020), sleeping postures and movement, and anthropometrics should 

be taken into account. 

References 

Åkerstedt, T., & Gillberg, M. (1990). Subjective and objective sleepiness in the active individual. 

International Journal of Neuroscience, 52(1-2), 29-37. 

https://doi.org/10.3109/00207459008994241 

Avers, K. B., King, S. J., Nesthus, T. E., Thomas, S., & Banks, J. (2009). Flight Attendant Fatigue, 

Part 1: National Duty, Rest, and Fatigue Survey. (DOT/FAA/AM-09/24 ). Oklahoma City: 

Civil Aerospace Medical Institute, Federal Aviation Administration Retrieved from 

https://apps.dtic.mil/sti/pdfs/ADA520848.pdf 

Buysse, D. J., Reynolds III, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The 

Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and research. 

Psychiatry research, 28(2), 193-213. https://doi.org/10.1016/0165-1781(89)90047-4 

De Koninck, J., Lorrain, D., & Gagnon, P. (1992). Sleep positions and position shifts in five age 

groups: an ontogenetic picture. Sleep, 15(2), 143-149. https://doi.org/10.1093/sleep/15.2.143 

Dorrian, J., Tolley, C., Lamond, N., van den Heuvel, C., Pincombe, J., Rogers, A. E., & Drew, D. 

(2008). Sleep and errors in a group of Australian hospital nurses at work and during the 

commute. Applied ergonomics, 39(5), 605-613. https://doi.org/10.1016/j.apergo.2008.01.012 

Drury, D. A., Ferguson, S. A., & Thomas, M. J. (2012). Restricted sleep and negative affective 

states in commercial pilots during short haul operations. Accident Analysis & Prevention, 45, 

80-84. https://doi.org/10.1016/j.aap.2011.09.031 

Gold, D. R., Rogacz, S., Bock, N., Tosteson, T. D., Baum, T. M., Speizer, F. E., & Czeisler, C. A. 

(1992). Rotating shift work, sleep, and accidents related to sleepiness in hospital nurses. 

American journal of public health, 82(7), 1011-1014. https://doi.org/10.2105/ajph.82.7.1011 

Good, C. H., Brager, A. J., Capaldi, V. F., & Mysliwiec, V. (2020). Sleep in the United States 

military. Neuropsychopharmacology, 45(1), 176-191. https://doi.org/10.1038/s41386-019-

0431-7 



Comfort Congress 2021 Proceedings 

 

Grandou, C., Wallace, L., Fullagar, H. H., Duffield, R., & Burley, S. (2019). The effects of sleep 

loss on military physical performance. Sports Medicine, 49(8), 1159-1172. 

https://doi.org/10.1007/s40279-019-01123-8 

Hartzler, B. M. (2014). Fatigue on the flight deck: the consequences of sleep loss and the benefits of 

napping. Accident Analysis & Prevention, 62, 309-318. 

https://doi.org/10.1016/j.aap.2013.10.010 

Hope, S., Øverland, S., Brun, W., & Matthiesen, S. B. (2010). Associations between sleep, risk and 

safety climate: A study of offshore personnel on the Norwegian continental shelf. Safety 

Science, 48(4), 469-477. https://doi.org/10.1016/j.ssci.2009.12.006 

Hugon-Duprat, C., & O'Connell, J. F. (2015). The rationale for implementing a premium economy 

class in the long haul markets–Evidence from the transatlantic market. Journal of Air 

Transport Management, 47, 11-19. https://doi.org/10.1016/j.jairtraman.2015.03.005 

Hystad, S., Nielsen, M., & Eid, J. (2017). The impact of sleep quality, fatigue and safety climate on 

the perceptions of accident risk among seafarers. European review of applied psychology, 

67(5), 259-267. https://doi.org/10.1016/j.erap.2017.08.003 

Kaida, K., Takahashi, M., Åkerstedt, T., Nakata, A., Otsuka, Y., Haratani, T., & Fukasawa, K. 

(2006). Validation of the Karolinska sleepiness scale against performance and EEG variables. 

Clinical neurophysiology, 117(7), 1574-1581. https://doi.org/10.1016/j.clinph.2006.03.011 

Kluge, U., Ringbeck, J., & Spinler, S. (2020). Door-to-door travel in 2035–A Delphi study. 

Technological Forecasting and Social Change, 157, 120096. 

https://doi.org/10.1016/j.techfore.2020.120096 

Kuo, C.-W., & Jou, R.-C. (2017). Willingness to pay for airlines’ premium economy class: The 

perspective of passengers. Journal of Air Transport Management, 59, 134-142. 

https://doi.org/10.1016/j.jairtraman.2016.12.005 

Luca, G., Haba Rubio, J., Andries, D., Tobback, N., Vollenweider, P., Waeber, G., . . . Tafti, M. 

(2015). Age and gender variations of sleep in subjects without sleep disorders. Annals of 

medicine, 47(6), 482-491. https://doi.org/10.3109/07853890.2015.1074271 

Parker, R. S., & Parker, P. (2017). The impact of sleep deprivation in military surgical teams: a 

systematic review. BMJ Military Health, 163(3), 158-163. https://doi.org/10.1136/jramc-

2016-000640 

Samn, S. W., & Perelli, L. P. (1982). Estimating aircrew fatigue: a technique with application to 

airlift operations. (SAM-TR-82-21). Texas, USA: USAF School of Aerospace Medicine 

Retrieved from https://apps.dtic.mil/sti/pdfs/ADA125319.pdf 

Simons, M., & Spencer, M. (2007). Extension of flying duty period by in-flight relief. (TNO-DV 

2007 C362). Soesterberg: TNO Defence, Security and Safety 

Smulders, M. (2018). Flex and relax: An exploration on headrest design for sleeping and watching 

IFE in premium aircraft seats. (MSc. Thesis). Delft University of Technology, Delft. 

Retrieved from http://resolver.tudelft.nl/uuid:4e929659-63d7-4816-82b0-a35cd20725ea  

Smulders, M., & Vink, P. (2020). Human behaviour should be recorded in (dis) comfort research. 

Work(Preprint), 1-6. https://doi.org/10.3233/wor-208027 

Sneddon, A., Mearns, K., & Flin, R. (2013). Stress, fatigue, situation awareness and safety in 

offshore drilling crews. Safety Science, 56, 80-88. https://doi.org/10.1016/j.ssci.2012.05.027 

Stanglmeier, M. J., Paternoster, F. K., Paternoster, S., Bichler, R. J., Wagner, P.-O., & Schwirtz, A. 

(2020). Automated driving: A biomechanical approach for sleeping positions. Applied 

ergonomics, 86, 103103.  

Weinger, M. B., & Ancoli-Israel, S. (2002). Sleep deprivation and clinical performance. Jama, 

287(8), 955-957. https://doi.org/10.1001/jama.287.8.955 


