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ABSTRACT

The sleep disturbances of laborers at work lead to acute anxiety and stress stemming from the construction
workplace. The sleep deprivation study was conducted on construction laborers in Bengaluru, Karnataka. The paper
represents sleep immunity and sleep scores, which track productivity at the construction site. The outcome shows the
interconnection between sleep patterns and labour productivity, relating to the concentration level and performance at
work. There was a comparative study performed on the calculation of the sleep cycle between the application method and
the fit-bit method. The decision-making structure has been interpreted as being sleep-related work, which is related to
laborers and may result from an effective decision to withhold the work done by laborers. The productivity of labour in
the construction industry has been decreased by up to 12% due to a lack of insufficient sleep. The sleep cycle
summarizes the practical implementation of the productivity of labour in the construction industry, which has been
decreasing gradually due to a lack of sleep.
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1.INTRODUCTION

The construction sector in India exercises a prioritized role in development, as it generates investment
opportunities [1]. The industry is split and occupied by high-ranking companies that are a part of many construction
sectors. Construction labour productivity is influenced by factors such as technology, labour organization, management,
overtime and turnover, real wage trends, and sleep deprivation [2-4]. The improper sleep of laborers will cause accidents
while they are working on-site and reduce the productivity of workers at the construction site [5,6]. The body condition
of the mind, which typically recollects for many hours every night, states that the nervous system is inactive; thus, there
will be closed eyes, the muscles relax, and practically consciousness is suspended [7-10]. The symptoms of sleep
deprivation are droopy eyelids and general discomfort.

Sleep is considered periodically as the state of body and mind and can be characterized by altering
consciousness, which is inhibited by sensory activity, which reduces the activity of muscles and inhibition of nearly all
muscles that are voluntary active during rapid eye movement sleep and can be reduced by surrounding interaction [11].
The suggested sleep time for aged people is 7 to 8 hours a night. Few human beings need 6 hours or 9 hours of sleep in a
day. Adults over the age of 75 require 7-8 hours of sleep per day [12].During pregnancy, women require several hours of
rest. A human being usually sleeps for eight hours during the night at the age of 50 and more than five and a half hours a
night between the ages of 45 and 50. A 75-year-old in good health requires approximately six and a half hours of sleep
per night [13-15].The restoration of body powers is performed during natural periodic sleep [16]. Natural periodic sleep
time is associated with psychological and subjective nature, with overall life satisfaction [17]. If the quality of sleep is
not of sufficient quality, it will impact walking activities and could even affect long-term health [16]. The sleeping hours
of individuals are 6 hours or less, contributing 70% to the higher mortality rate than those who sleep 7 or 8 hours during
the night [17]. There are five stages of sleep in a human being: awake sleep, deep sleep, light sleep, and REM sleep [18].
Rem sleep is divided into two types: rapid eye movement sleep and nonrapid eye movement sleep [19]. The pattern of
sleep that has been recorded provides the sleep score after the calculation of different stages of sleep [20].

Sleep deprivation has an effect on shift workers that will gradually decrease the productivity growth in their
daily work. Shift work reduces both the quality and the quantity of sleep. Sleep individuals are less ambitious and less
productive [21]. Researchers have found that the amount of sleep required for adults per day will be approximately 7
hours for completely reviving results, but most get less than 7 h, resulting in a sleep deficit. As a result, sleep deprivation
occurs. Outcomes are affected by sleep deprivation in several ways [22-24]. The negative effect of sleep deprivation has
a greater influence on the brain and cognitive processes [25]. During the years of college, many pupils were speciated
about the capital value of human and knowledge capital, which provides jobs, and when pupils flourished in managing
techniques that survived their studies [26]. The two management skills are required for cognition and leadership, which
have significantly increased knowledge about written works in documents [27-29].The different stages of sleep will help
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in memory formation. The formation of memory was prompted and consolidated by the gentle REM (rapid eye
movement) sleep cycle. The negative effects were profound on sleep performance, which is small for sleep restriction.

The research was conducted by a functioning body and evaluated individual factors and situational factors that
rely on sleep deprivation. Sleep deprivation is partially dependent on the tasks performed by individuals [30,31].The
deficits are largely prioritized on measures of activeness and responsiveness, with a few consistent deficits in more
macrolevel tasks, and few of them are related to smartness, major functions that help in problem-solving. Researchers
have mainly focused on the sleep immunity of students and their concentration level. Hence, there was an attempt made
in this paper to compare the Fit-bit watch method and the application method used in the construction industry to
determine the labor productivity of the construction project.

2.METHODOLOGY

Laborers and engineers wore a Fit-bit watch for 30 days all day long to capture their sleep activity. The
estimated worker's performance decrements due to their measured sleep [32]. To evaluate the sleep time, the laborers
kept sleep logs to record their sleep daily. For further comparison results, the validation of measurements was performed
from the same survey in a separate manner [33]. During September and October of 2021, the study was conducted at the
Pramuk meridian [34,35]. The collected data were then analysed.

2.1 Labour Productivity

The construction sector is a suitable sector for labour to work effectively in construction projects as the work is
intensive. Construction labour is the prime source of importance in the construction sector throughout the world [36].
The measurement of labour productivity is done on an hourly basis, which enriches the country's economy [37,38]. The
growth in labour productivity is influenced by factors such as saving and investment in capital value, advanced
technology, and human value. Compared with the growth of 4.5 percent in the previous year, as shown in Figure 1, the
labour productivity of India improved gradually by 5.4 percent in May 2020. The data reached an all-time high of 9.6%
in May 2010. Labour Productivity Growth is to be considered for the construction industry [39].
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Figure 1- Labour Productivity of India

2.2 Data collection

The data collection of labour and engineers included their daily progress reports (DPR) and the readings of
sleep. The FIT-BIT method was used for the collection of sleep readings. It is a watch that tracks the sleep of a human
being. The Fit-bit watch is a smart device that has the capability of calculating sleep duration and has been designed to
compute the health functioning, heart rate, and pattern of sleep [40]. There are many Fit-bit watches on the market. The
Fit-bit watch used for the project is the FIT-BIT VERSA LITE EDITION, which costs 14,900 and gives an accurate
result of different stages of sleep with the sleep score.
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Figure 2- Fit-Bit Watch
2.3 Stages of sleep
The different stages of sleep in a human being:
o Awake sleep
o Lightsleep
o Deepsleep
e Remsleep

2.4 Application Method

To track important health and activity metrics, such as quality of sleep, patterns of sleep, and the number of
steps walked, an application method has been designed that is a portable mobile application. The application is called
SleepBot for Android devices and Pillow for iOS devices. These two applications have been effectively used for
research. This application method shows the 5 different stages of sleep in Figure 3 and determines the sleep pattern.
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Figure 3- Different stages of sleep
2.5 Sleep study parameters
The study parameters that are considered for the study of sleep are the reality of sleep (need for monitoring of
awaking), temperature, alcohol consumption, food intake, and absence of physical activity. These are the parameters that
depend on the sleep cycle of labor every day. Sleep study parameters such as temperature result in hot, cold, or medium
fluctuations in temperature. Food intake depends on the consumption of food that suits our body condition.

2.6 Sleep data

The total number of sleep hours was calculated to be 100. The longest sleep hours each day was 8+ h, which
was 7.2, whereas 7-8 h was 43.5, which was predominantly more among the data collection. 6-7 h was 26.4, considerably
the average sleep hours of labor per day in India. 5-6 h was 13.6, which was the bare minimum sleep required for labor
in their lives, and less than 5 h was 9.3, which was the poorest sleep that was given to laborers after their work to boost
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their daily cycle life for the next day. The optimum sleep required for laborers to have good productivity in their work is
8+ hours daily after work, which should be considered. The figure 3 shown below explains the sleep hour calculation for
100 laborers.

NUMBER OF LABORS SLEEP IN
PERCENTAGE

= 8+h

7-8h
= 6-7h
= 5-6h
= <5h

Figure 4- Sleep Hours of 100 Labors

2.6 Site Details

Pramuk Meridian is a luxurious apartment that is enclosed amid greenery in Bengaluru, improving the modern
way of life. Bengaluru provides you with the opportunity to live life to the fullest with the best weather. Pramuk
Meridian in Jayanagar gives you the best infrastructure and well-established amenities such as a fruit garden, a library, a
shopping mall, a flower orchid and many more. The data were collected from the Pramuk Meridian project. The data
were acquired from site engineers, project managers, labour (male and female) and supervisors. The daily progress report
and the sleep cycle readings were noted for analysis.

3.DISCUSSION

This analysis gives the scope to determine the sleep cycle of laborers and their interrelationships with labour
productivity in the project. The study is said to be noteworthy from these results [41]. The quantification illustrated that
laborers were not getting enough sleep, which was recommended shown in figure 4 If the recommended sleep score were
to be 100, then the productivity of work would not be 100% due to various effective factors, such as psychological and
environmental conditions [42]. This analysis is used on 2,500 laborers at the Pramuk Meridian site. It is considered to
have higher labour risk at all stages of construction, and average productivity is decreased annually due to a lack of
efficient sleep [43]. It is captivating to note that the Pramuk Meridian site performs well. The following was found during
the study: Only 7.2% of the labour is measured and has a balanced relationship with the suggested guidelines of eight
hours of sleep per night for the average adult population [44].The laborers are exhausted due to lack of sleep, which
results in the narrowing of up to 8%. The analysis contributes to the body of knowledge by showing that sleep
deprivation is intuitive in nature and that technical, intellectual, and civic factors interact to shape intuitive sleep
decisions.
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Figure 4-Sleep Vs Productivity
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3.1 Polysomnography

The tiredness of labour was recorded by the Fitbit watch in the form of sleep. The polysomnography revealed
that laborers' productivity would suffer as a result of their hypersomnia. There was awareness created among the laborers
about sleep requirements and that a small amount of sleep should be given to laborers in construction. The workers wore
Fitbit watches for the 4-week period, which illustrated the amount of sleep they got during their work shown in figure 5
and 6. The worker's daily progress report shown below represents the productivity of workers at the construction site.
This suggests that laborers do not have an idea about how long and efficiently they sleep at a particular point, and the
conditions that depend on labour sleep during the night should be noted.

Table 1-Female Daily progress report

Date Name and Age Gender Activity Nature of Quality of Number of
ID work work days
assigned
1-Sep-21
to Labour S1 24 Female Plastering Plastering high 5
7-Sep-21
8-Sep-21
to Labour S2 35 Female Curing Curing medium 7
14-Sep-21
15-Sep-21
to Labour S3 28  Female Plastering  Plastering high 5
21-Sep- 21
22-Sep-21 Bar bending High 4
to Labour S4 24 Female Roof Slab L )
28-Sep-21 Electric wiring  High 2
29-Sep-21
to Labour S5 31 Female Brick work  Brick work high 6
31-Sep-21
Table 2-Male Daily Progress Report
Date Name and Age Gender  Activity Nature of work Quality of Number of
ID work days
assigned
Mixing C: FA:CA High 8
proportions
1-Sep-21 Placing block Medium 8
to Labour S6 26 Male Course from right corner
7-Sep-21 masonry Placing block Medium 8
from left corner
Curing Medium 8
8-Sep-21
to Labour S7 32 Male Plastering  Shuttering High 7
14-Sep-21
15-Sep-21 Plastering High 4
t201-sep-21 Labour S8 28 Male Roof Slab Electric wiring High 4
22- Sep-21 Plastering High 3
t208_ sep-21 Labour S9 31 Male Roof Slab Placing_ Bars H?gh 3
Shuttering High 3
29-Sep-21
to Labour S10 37 Male Plastering  Plastering High 5
31-Sep-21

3.2 Sleep cycle

The laborers wore the Fitbit watches for an indicated period of time. From the Fit-bit watch, the extraction of
sleep cycles of the labour on a weekly average basis in a year [45]. The average results may vary from labour to labour
according to their well-being, and partial sleep habits were not reported before the analysis by Fitbit Watch and were
known after that they were lacking in sleep. This reported the percentage decrease in productivity levels at a construction
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site. The application method for sleep cycle and sleep quality of labour is shown in figure7 and 8. Laborers' sleep scores

were compared using a fit-bit and an application method. The fit-bit method provides exact results when compared
practically. Sleep differs greatly based on gender, so the immunity to sleep is drastically deprived.
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Figure 5- Fitbit watch results.Figure 6- Sleep Cycle Results
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Figure 8-Sleep cycle of laborers
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4. CONCLUSION

This study has provided many valuable insights about tiredness and its operational influence in several other
sectors, as the sleep environment and habits of laborers were the main reasons for poor productivity in the construction
project. There was an operational attempt made to check whether tiredness might be the major factor for lack of sleep.
The main issue of tiredness in labour is to know the human and socioeconomic impact of inadequate sleep. Laborers who
are sleeping less than 6 hours will find their productivity at work lower. Laborers who are sleeping between 6 and 7
hours have an average rate of productivity, and computing both sleep ranges, laborers who sleep more than 8 hours can
achieve maximum productivity. The study indicated that the average risk of work in construction was 10.9% and site
workers was 12.9%, which was even higher. Thus, when jointed together, the work environment on the site will cause
tiredness in laborers. It is very important to screen out laborers who are not fit to work for their shift due to tiredness and
lack of food intake.

The most predominant factor in laborers' lack of sleep is excess working hours. The laborers' work judgments
have been shaped by psychological and social factors, as they suggest a multidisciplinary approach to sleep management
in the constructionproject environment. Laborers should be aware of the consequences of inadequate sleep and take the
necessary steps to improve their sleep time. At the construction site, the laborers who are working in different sectors,
such as equipment handling, night shift labour, and dayshift labour, are prescribed to undergo training, monitoring, and
controlling. Site engineers and project managers, who are few in number in the construction project, should inform the
labour about sleep and its effects.

The eradication of tiredness should be done by taking necessary preventive measures, and shifts should not start
early and end late. Proper food allocation on a timely basis, as well as medical check-ups to labour,, makes them aware
of the effects of sleep deprivation. There will be a marginal decrease in the productivity of work done by laborers, either
directly or indirectly. Due to the intake of alcohol and an improper sleep cycle, labour’s participation in construction will
scale down the productivity of the work.

REFERENCES

[1] Dong, X. S 2002, Long work scheduling and work-related injuries among construction workers in the United States."”
Work, Environ., Health315,329-335.

[2] Fletcher, A., et al. 2003, Prediction of performance during sleep deprivation and alcohol intoxication using a
quantitative model of work-related fatigue." Sleep Res. Online, 52,67-75.

[3] Gander, P. H., et al. 1993 Age, circadian rhythms, and sleep loss in-flight crews." Aviat., Space Environ.
Med.,643,89-195.

[4] Graeber, R. C., et al. 1986"International aircrew sleep and wakefulness after multiple time zone flights: A cooperative
study." Aviat., Space Environ. Med., 57, B3-B9.

[5] Hursh, S. 2005"Modeling fatigue, predicting performance.” Hursh@saic.com.

[6] Hursh, S., et al. 2006"Validation and calibration of a fatigue assessment tool for railroad work schedules.” Summary
Rep. No. DOT/FRA/ORD-08/04, U.S. Dept. of Transportation, Washington, D.C.

[7] Lamond, N., and Dawson, D. 1999 'Quantifying the performance impairment associated with fatigue.” J. Sleep Res.,
84,255-262.

[8] Levine, B., et al. 1988' Daytime sleepiness in young adults.” Sleep,111 39-46.

[9] Monk, T., et al. 1996'Maintaining safety and high performance on shift work." Appl. Ergon, 2,17-23.

[10] Morgenthaler, T., et al. 2007"Practice parameters for the use of actigraphy in the assessment of sleep and sleep
disorders: An update for 2007." Sleep,304 519-529.

[11]National Institute for Occupational Safety and Health. 2007'Construction
safety."www.gov/niosh/topics/constructionsafety/Sept. 2007

[12] Rosekind, M. R., et al. 2000 Crew factors in flight operations, N. C. f. A. Information, National Technical
Information Service, Washington,

[13] D.C.Roth, T.2006 Dealing with excessive sleepiness: Therapeutics and public health considerations.".

[14]Russo, M. D. 2005'Normal sleep, sleep physiology, and sleep deprivation: General principles".
http://www.emedicine.com.

[15] Kentucky farmers. Impact of self-reported sleep habits and sleep problems on injury risk." AAOHN J,529,373-
382.Strauss, S. 2003 Pilot fatigue, NASA Johnson Space Center, Houston.

[16] Mayhew, M. J., Pascarella, E. T., Bowman, N. A., Rockenbach, A. N., Seifert, T. A., Terenzini, P. T., et al. (2016).
How college affects students: 21st-century evidence that higher education works, Vol. 3. John Wiley & Sons.

[17] Mayhew, M. J., Wolniak, G. C., & Pascarella, E. T. (2008). How educational practices affect the development of
life-long learning orientations in traditionallyaged undergraduate students. Research in Higher Education, 49(4), 337-
356.

[18] Meijer, A. M. (2008). Chronic sleep reduction, functioning at school and school achievement in preadolescents.
Journal of Sleep Research, 17(4), 395-405.

680



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p.674-681
https://publishoa.com

ISSN: 1309-3452

[19] Padgett, R. D., Goodman, K. M., Johnson, M. P., Saichaie, K., Umbach, P. D., & Pascarella, E. T. (2010). The
impact of college student socialization, social class, and race on the need for cognition. New Directions for Institutional
Research, 2010(145), 99-111.

[20]Pascarella (2007). Methodological report for Wabash national study of liberal arts education. Retrieved from
https://centerofinquiry.org/wp-content/uploads/2017/04/

[21] WNSLAE_Research_Methods_March_2008.pdf.Pascarella, E. T., Wang, J. S., Trolian, T. L., &Blaich, C. (2013).
How the instructional and learning environments of liberal arts colleges enhance cognitive development. Higher
Education, 66(5), 569-583.

[22] Pascarella, E., Wolniak, G., Seifert, T., Cruce, T., &Blaich, C. (2005). Liberal arts colleges and liberal arts
education: New evidence on impacts. ASHE Higher Education Report, 31(3).

[23] Patel, N. P., Grandner, M. A., Xie, D., Branas, C. C., & Gooneratne, N. (2010). "Sleep disparity" in the population:
Poor sleep quality is strongly associated with poverty and ethnicity. BMC Public Health, 10(1), 475.

[24] Roberts, R. E., Roberts, C. R., & Duong, H. T. (2008). Chronic insomnia and its negative consequences for the
health and functioning of adolescents: A 12-month prospective study. Journal of Adolescent Health, 42(3), 294-302.

[25] Seifert, T. A., Goodman, K. M., Lindsay, N., Jorgensen, J. D., Wolniak, G. C., Pascarella, E. T., et al. (2008). The
effects of liberal arts experiences on liberal arts outcomes. Research in Higher Education, 49(2), 107-125.

[26] Steinberg, L., & Morris, A. S. (2001). Adolescent development. Annual Review of Psychology, 52(1), 83-110.

[27] Wagner, W. E. (2016). Leadership for a better world: Understanding the social change model of leadership
development. John Wiley & Sons.

[28] Hershner, S.D., Chervin, R.D., 2014. Causes and consequences of sleepiness among college students. Nat. Sci. Sleep
6, 73. https://doi.org/10.2147/NSS.S62907.

[29] Hout, M., 2012. Social and economic returns to college education in the United States. Annu. Rev. Social. 38, 379—
400. https://doi.org/10.1146/annurev.soc.012809. 102503. Aug 11.

[30] Howell, A.J., Jahrig, J.C., Powell, R.A., 2004. Sleep quality, sleep propensity and academic performance. Percept.
Mot. Skills 99 (2), 525-535. https://doi.org/10.2466/PMS.99.2.525-535. Oct.

[31] Kelly, W.E., Kelly, K.E., Clanton, R.C., 2001. The relationship between sleep length and grade-point average
among college students. Coll. Stud. J. 35 (1), 84-86 Mar 1.

[32] Loes, C., Pascarella, E., Umbach, P., 2012. Effects of diversity experiences on critical thinking skills: who benefits?
J. High. Educ. 83 (1), 1-25. https://doi.org/10.1080/00221546.2012.11777232. Jan 1.

[33]Lund, H.G., Reider, B.D., Whiting, A.B., Prichard, J.R., 2010. Sleep patterns and predictors of disturbed sleep in a
large population of college students. J. Adolesc. Health 46 (2), 124-132.
https://doi.org/10.1016/j.jadohealth.2009.06.016. Feb 1. National Sleep Foundation.

[34] Nihayah, M., Ismarulyusda, I., Syarif, H.L., Zakiah, M.N., Baharudin, O., Fadzil, M.H.2011. Sleeping hours and
academic achievements: a study among biomedical science students. Procedia Soc. Behav. Sci. 18, 617-621.
https://doi.org/10.1016/j.sbspro. 2011.05.090. Jan 1.

[35] Orzech, K.M., Salafsky, D.B., Hamilton, L.A., 2011. The state of sleep among college students at a large public
university. J. Am. Coll. Heal. 59 (7), 612-619. https://doi. org/10.1080/07448481.2010.520051. Aug 1.

[36] Pilcher, J.J., Walters, A.S., 2007. How sleep deprivation affects psychological variables related to college students'
cognitive performance. J. Am. Coll. Heal. 46 (3), 121-126. https://doi.org/10.1080/07448489709595597. Nov 1.

[37] Rideout, V.J., Foehr, U.G., Roberts, D.F., 2010. Generation M 2: Media in the Lives of 8-to 18-Year-Olds. Henry J.
Kaiser Family Foundation Jan. Retrieved from: https://files. eric.ed.gov/fulltext/ED527859.pdf.

[38] Rubin, D.B., 2004. Multiple Imputation for Nonresponse in Surveys. John Wiley & Sons Jun 9.

[39] Sho-chat, T., Cohen-Zion, M., Tzischinsky, O., 2014. Functional consequences of inadequately sleep in adolescents:
a systematic review. Sleep Med. Rev. 18 (1), 75-87. https://doi.org/10.1016/j.smrv.2013.03.005. Feb 1.

[40] Libedinsky, C., Massar, S.A.A., Ling, A., Chee, W.Y ., Huettel, S.A., Chee, M.W.L., 2013. Sleep deprivation alters
effort discounting but not delay discounting of monetary rewards. Sleep 36, 899-904.

[41] Lim, J., Dinges, D.F., 2010. A meta-analysis of the impact of short-term sleep deprivation on cognitive variables.
Psychol. Bull. 136, 375-389.

[42] Sathvik S, Krishnaraj L. A Case Study on Impact of Labours Sleep Deprivation in Construction Project using
Application Method. IOP Conf Ser Mater Sci Eng. 2020;912(6).

[43] Locke, H.S., Braver, T.S., 2008. Motivational influences on cognitive control: behavior, brain activation, and
individual differences. Cognition. Affect. Behavior. Neuroscience. 8, 99-112.

[44] Lowe, C.J., Safari, A., Hall, P.A., 2017. The neurocognitive consequences of sleep restriction: a meta-analytic
review. Neuroscience. Biobehavior. Rev. 80, 586-604.

[45] S S, L K. Application of CRM Techniques for predicting the consequences of Laborers Sleep Deprivation in
Construction Projects. J Eng Res. 2022;1-16.

681



