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Abstract. In the past few decades shift workers are highly needed to meet the 
demands of globalization and the 24-hour society worldwide.  There are about 
20% of labors doing shift jobs in America and European. In Taiwan, there are 
almost 35.5% of labors work shift jobs.  Shift and night shift workers usually 
sleep 15-20% less than the regular workers, and, the sleeping quality during the 
day time is not as good as during the night.  This study discusses the relation-
ships between sleeping quality and job performance of shift workers on various 
shifting working hours by reviewing the previous literatures and researches.  
On the other hand, the study further compares the two methods of measuring 
sleeping quality and discusses the advantages and weakness of different testing 
methods.  The results could provide more useful references to researchers who 
are interesting in the issues of sleeping quality and shift works while choosing 
instrument of testing sleeping quality. 
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1 Introduction 

Cohen et al.[4] pointed out that poor sleep quality refers to less than six hours of sleep 
duration and sleep latency (if the duration is over thirty minutes or if a person wakes 
up more than three times during his sleep; the occurrence of either represents poor 
sleep quality). Sufficient sleep allows the body to repair itself, regulate physiological 
needs, and store energy; it is also helpful to coping with work stress, illness or work 
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requirements.  When poor sleep quality occurs, the body's immunity decreases or the 
person feels drained, causing an impact job safety, cognition, and judgment.  At the 
workplace, it can also cause absenteeism, decreased productivity, increase of inci-
dence rate in occupational hazards and accidents as well as the decline of job satisfac-
tion [21]. 

1.1 Sleep Quality 

Numerous factors affect poor sleep quality; demographics show women’s sleep quali-
ty are more vulnerable than men [31].  People with lower socioeconomic status or 
household income experience worse sleep quality[12] [30].  In terms of personal 
factors, those who exercise regularly have better sleep quality [33] [24]; those who 
take stimulating drinks (such as coffee) has worse sleep quality[32]; long-term 
smokers experience insomnia due to the excitement of the central nerve caused by the 
stimulation of nicotine[20].  Moreover, nightcap or taking sleeping pills can shorten 
the time to fall asleep, but will increase the number of awakenings at night, resulting 
in more abnormal psychological and physiological symptoms[26].  

At the workplace, many related factors have an impact on sleep quality, including 
workshift[26], prolonged labor[21] hazardous physical and chemicals elements in the 
working environment[37], and the nature of the work itself[29][19].  For the sleep 
quality of workshift workers, the total hours of sleep during daytime, sleep cycles, 
and length of REM after a night shift are all significantly shorter than nighttime sleep 
[15]. 

1.2 Sleep Quality of Shift Workers 

Shift workers refer to workers in the condition when the work is completed by several 
people at different times in order to increase productivity and utilization rate of the 
machines and equipment[3].  National Institute of Occupational Safety and Health 
defines shift work from the perspective of working time and refers to work that is not 
between 7am and 6 pm.  

The most direct impact of shift work is on sleep issues.  Humans have so-called 
circadian Rhythm, which can, based on the change of time, organize time sequence 
that is most suitable to organism survive, adapting to the different needs of each pe-
riod and carrying out different physiological actions.  However, shift work patterns is 
a direct violation of the human biological clock, working during the day and sleeping 
at night, causing the phenomenon of day and night rhythm desynchronization[36]. 

Sleep quality of shift workers include sleep duration and quality.  In terms of sleep 
duration, shift workers slept an average of 15-20 % less than non-shift workers 
[1][23].  Night shift workers sleep approximately 5.1 to 5.9 hours; their sleep dura-
tion is usually less than 6 hours[17].  Related research also pointed out that the aver-
age sleep duration for shift workers is 5.5 hours per day; 32% of shift workers have 
insomnia and excessive daytime sleepiness, while only 18% of workers who have 
typical working hours experience these concerns [7].  In addition, in terms of sleep 
quality, deep -sleep is an important period to repair the fatigue of the body.  Night 
shift workers demonstrate shorter duration of deep-sleep. An observation of the sleep 
patterns through brain waves discovered a main decrease of rapid eye movement and 
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second phase in non-rapid eye movement, leaving less impact on the third and fourth 
phases.  In terms of sleep latency, day shift workers have shorter sleep latency while 
night shift workers have longer ones, making it more difficult for shift workers to fall 
sleep and affecting sleep quality[17]. 

Japanese scholars conducted sleep studies on middle-aged male employees and 
pointed out irregular shift workers face higher mortality rate due to ischemic heart 
attack, hypertension, overweight, as well as drinking and smoking habits[13].  In 
related studies about the impact of different workshift system on sleep quality, the 
research on sleep quality of overnight shift, night shift, and day shift workers discov-
ered that overnight shift workers have the worst sleep quality[34].  In addition, 
Ohayon, Lemoine, Arnaud-Briant & Dreyfus[28] study indicates that the sleep quality 
of the overnight shift workers is worse than that of the night shift workers and fixed 
daytime staff.  Overnight shift workers have the shortest sleep duration while acci-
dent rate for workshift workers is two times higher than that of the fixed daytime staff 
and night shift workers; the sick leave rate in the first 12 months is 62.8 %, higher 
than 38.5% of the fixed daytime staff.  It can thus be proven that when shift workers 
take on overnight shifts, their unhealthy sleep quality leads to drowsiness at work, 
work accidents, and sick leave. 

In summary, shift workers are physiological affected by the disorder of day and 
night rhythm and experience worse sleep quality compared to daytime workers.  The 
impact incudes longer time needed to fall sleep (sleep latency) and shorter sleep dura-
tion. In terms of the influence on different shifts, overnight shift (00:00 to 08:00) 
experience most severe impact, followed by night shift (16:00 to 24:00).  

1.3 The Impact of Sleep Quality on Work Efficiency 

Although the nature of work for each shift worker varies, workshift possess a consi-
derable degree of impact on the interruption of life quality, including physical, psy-
chological, as well as family and social adaptation.  In terms of physical and mental 
health, numerous physical and psychological risk factors increase for shift workers 
[22].  When sleep disorder occurs, shift workers tend to leave their jobs due to lack 
of adequate sleep[2]. Lack of sleep leads to employees’ decreased alertness and in-
creased sleepiness at work, escalating accidents rates and causing harm to the safety 
of the individual employee, enterprises, and society[10]. 

Shift workers demonstrate higher fatigue index and have greater chance of sick 
leave and accidents compared to daytime workers[18][16]. U.S. research report 
pointed out that the chances of shift workers dozing off while driving to work or ex-
periencing accidents due to sleepiness is twice as high compared to normal daytime 
staff.  Severe incidents may cause traffic accidents, occupational injuries, and major 
occupational accidents[14]. 

When a worker has poor sleep quality, the brain's ability to focus, reaction rate, and 
memory are all affected.  Work quality and efficiency will thus decline, especially 
for those with heavy vision workload, precise division of work, monotony operation, 
long duration of same activity, and machine controlled work pace.  Related studies 
show that in fixed work shift systems, shift schedule and number of working days 
have significant influence on production volume and yield rate; job performance  
of the day shift has higher production volume and yield rate than night shifts and 
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overnight shifts[25]. Folkard, Monk & Alexander[11] use five factors to evaluate staff 
job performance, including error rate, sleep and degree of accumulated fatigue,  de-
gree of interruption of the biological clock, absence rate, and accident rate.  Results 
show that night shift workers have the highest error rate, are most difficult to fall 
sleep, have insufficient sleep, are irritable, tend to be absent from work,  and demon-
strate the highest chance in accidents; therefore, night shift workers have the worst 
job performance. 

In summary, job performance of shift workers will be influenced by their shift 
schedules; the impact includes efficiency, quality of work, and occupational acci-
dents.  Followed by night shifts, overnight shift faces the greatest impact.  

1.4 Assessment Method of Sleep Quality 

The assessment of sleep quality can be determined from subjective and objective 
standards.  Subjective assessment allows study subjects to express their subjective 
feelings through methods such as subjective evaluation chart, survey, interview, and 
sleep journal.  Objective assessment, on the other hand, uses equipment or a third 
party to convey the sleep condition of the study subject.  The following illustrates 
survey procedures for sleep quality from the perspectives of subjective and objective 
assessment methods [5][8][6]. 

Subjective Sleep Assessment Method. Questionnaire is a self-assessment survey 
evaluating sleep quality and issues in the past month.  In terms of subjective assess-
ment methods, the most common assessment scale is the questionnaire for sleep quali-
ty compiled by scholars such as Buysee from the University of Pittsburgh in 
1988[35].  Pittsburgh Sleep Quality Index survey include a total of 19 questions; a 
global score for the overall sleep quality and scores for seven different sleep-related 
components can be derived through calculation.  The seven components include: 
subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep distur-
bances, use of sleeping medication, and daytime dysfunction.  The components of the 
scale and assessment content are organized in Table 1. 

Table 1. Seven components of the Pittsburgh Sleep Quality Index survey 

Component Assessment
Subjective sleep quality An individual’s subjective overall evaluation of the sleep 

Sleep latency Time needed to fall asleep would be best if it is under thirty 
minutes 

Total number of sleep 
hours 

The recommended individual sleep duration is five hours and 
above 

Sleep efficiency Total number of sleep hours /duration of lying in bed, should be 
above 85%

Sleep disturbances The continuity of the impact on the sleep caused by the distur-
bances 

Use of sleeping  
medication Yes or no, frequency of use 

daytime dysfunction Including bad mood, irritability, and lack of concentration 
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Objective Sleep Assessment 

1. Multi-channel physiological recorder. This is thus far the most detailed and accu-
rate testing method.  Standard clinical multi-item sleep records include continuous 
EEG of the parietal lobe and occipital lobe, EOG, and chin EMG.  These items are 
used to record the structure and stages of sleep, such as (1.) EEG, (2.) EOG, (3.) 
EMG, (4.) ECG, (5.) nose and mouth breathing flow, (6.) abdominal and chest 
breathing exercises, (7.) blood oxygen, (8.) the number of times snoring.  General-
ly, various examinations at a night sleep laboratory need to last for seven to eight 
hours[5]. 

2. Sleep observation. Sleep observation is conducted by medical personnel or labora-
tory personnel observing the sleeping condition of the research subjects. The ad-
vantage is that the instrument will not interfere with the subjects’ original sleep  
behavior, yet it requires tremendous manpower and time to conduct the observation 
and record; photographic recording can also be used to reduce the burden in human 
resources. 

3. Activity recorder. Activity recorder (actigraphy) is an instrument shaped like a 
watch, and is also worn on the feet or wrists like a watch.  It can be set to record 
the activity of the wrist at fixed intervals of time (2 seconds or 60 seconds).  Due 
to the "sleep-wakefulness” cycle and “rest –activity” cycle, the devise must worn 
24 hours a day except taking a shower; the data stored up in the activity recorder 
can range from several days to several weeks and even months. 

Summarizing the above subjective and objective assessment methods, a comparison 
of the two assessment methods is conducted (as in Table 2).   While collecting data, 
subjective assessment tools can collect a large number of samples quickly and with a 
low cost; this is the advantage of surveys and is the method preferred by researchers.  
On the contrary, objective assessment tool, multi-channel physiological recorder, and 
sleep observation must be conducted under particular conditions and it requires signif-
icant expense for the needed equipment and manpower.  The results, moreover, can 
only include the observation of total sleep duration, sleep activity, and certain sleep 
disorders; it cannot provide full-time recording data like the activity recorder. In addi-
tion, objective assessment tools need to be evaluated by an instrument or observer, 
which is time-consuming and is suitable for small-scale samples. 

Sleep quality assessment tools each has its own advantages and disadvantages.  
Considering that the quality of sleep is related to "time", observation of its changes 
over a period of time is needed through objective data collection techniques in order 
to clearly present the research result. Therefore, the use of activity recorder is  
suggested in the study of sleep quality assessment methods. Through instrumental 
measurement, full-time observation of a work shift worker’s personal condition and 
schedule can be recorded; activity situation can be recorded anywhere and anytime in 
order to obtain accurate and complete information on sleep quality. 
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Table 2. Comparison of subjective and objective sleep quality assessment method 

Data collection 
method 

Subjective as-
sessment tool 

(PSQI) 

Objective assessment tool 

Multi-channel 
physiological  

recorder

Sleep 
observation 

Activity recorder 

Number of 
samples Big scale Small scale Small scale Small scale 

Assessor Self-
assessment Equipment Observer Equipment 

Assessment
period Recall Sleep duration Sleep duration Full-time record 

Data collection Fast and con-
venient 

Time-consuming 
and inconvenient

Time-consuming 
and inconvenient

Time-consuming 
and convenient 

Cost of collection Low High Medium Medium 

Past studies related to sleep quality requested shift workers to conduct self-
assessment of sleep quality with the Pittsburgh Sleep Quality Index; although large 
amount of research samples can be obtained in a short time, those are still subjective 
information.  Sleep quality is the observation result over a period of time; objective 
assessment method would be appropriate (activity recorder) to work along with the 
shift workers’ personal condition and schedule, recording their activity condition 
anywhere and anytime.  Hence, the research can be conducted with greater objec-
tiveness and can record the research subjects’ schedule at work or at home.  Com-
pared to the Pittsburgh Sleep Quality Index commonly used by past scholars, sleep 
quality related information can be collected with higher accuracy.  Meanwhile, a 
comparison of the activity recorder data and the Pittsburgh Sleep Quality Index items 
(Table 3) shows that component related self-assessment items that can be found in the 
Pittsburgh Sleep Quality Index can all be obtained in the activity recorder, without 
shift workers conducting self-assessment on the sleep quality in the past. 

Table 3. Data comparison between the activity recorder and the PSQI 

Activity Recorder Pittsburgh Sleep Quality Index 

Number of Sleep hours Total number of sleep hours 
Sleep efficiency Sleep efficiency 

Sleep latency Sleep latency 
The number of dozing Daytime dysfunction 

Awake duration and the number of  times Sleep disorders 
Activity levels while awake Daytime dysfunction 

2 Result and Suggestion 

According to the discusses of shift workers sleep quality and related job performance 
in this study, shift workers are affected by the physiological disorder of the day and 
night rhythm, their sleep latency period becomes longer, sleep duration is shorter, 
resulting in poor efficiency in job performance and increase of quality defect rate and 
work-related accidents.  Among the various work shifts that are affected, overnight 
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shift faces most serious impact, followed by night shift.  In response to the issues 
arising from these shift workers, this study suggests companies to make adjustments 
about the shift workers and the performance standards of night shifts.  First, regard-
ing the shift workers themselves, companies should consider the health and family 
condition of the employees while making the night shift personnel arrangements, 
minimizing the factors that affect sleep. Secondly, regarding the job performance of 
night shifts, priority should be given to ensuring work quality and avoiding increase 
of defect rate and accident caused by the struggle to achieve the same efficiency rate 
as the daytime staff. 

In terms of the measurement method for sleep quality, questionnaires are survey 
tools used by many domestic scholars in the research of sleep quality[22][19][16], 
researching the subjective perception of a period of sleep time; the information col-
lected in this cross-sectional research method only reflects "a frozen section of a sub-
stance" or an "one-time snapshot" of the research context[9]. This data collection 
method cannot provide meaningful information across a time period, and certainly 
cannot verify the before and after change between incidents; it can only be used for 
relationship analysis in the basic behavior logic.  

This study compared objective and subjective sleep quality assessment method and 
analyzed different objective measurement tools. Pittsburgh survey utilizes self-
assessment method to collect massive sleep quality samples at a low cost in a short 
period of time in order to achieve statistical power to verify the quality of sleep.  
However, sleep quality is the result of observation through a period of time and re-
quires long term record of the research sample’s schedule at work or family; it would 
be appropriate to adopt objective measurements (activity recorder) to record daily 
activities anywhere and anytime. 

Finally, in practical research, activity recorders are not research tools that can be 
easily obtained and implemented by general researchers.  First, the acquisition cost of 
each tool is approximately NT$100,000, which is not affordable for general research-
ers.  Second, it is even more difficult to find research subjects who can work with 
long hours of recording.  However, benefitting from the emergence of wearable tech-
nology access to measurement tools is no long a problem that cannot be solved.  
Currently there are sleep quality measurement products in the market, for example 
Jawbone UP is NT$5,000 each and Fitbit one is NT$4,000; the sleep quality data they 
provide meets the analysis needs of the researchers.   At the same time, these prod-
ucts are easy to wear and can handle long hours of record, increasing the willingness 
of the subjects to participate in the research. 
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