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Abstract 
Nurses are required to work shifts to provide 24-hour care, in which they complete 
physically and mentally demanding tasks. The length and type of shifts, particularly 
night shifts interfere with the natural sleep-wake behaviours, leading to extended 
wakefulness and overall reduced sleep, and increase the likelihood of sleepiness 
during subsequent shifts. This can in turn affected various cognitive processes such 
attention, vigilance and alertness, which are necessary during the care process. 
Sleepiness as a result of working shifts has also been associated with an increased 
risk accidents and error during the delivery of care. Given the unique demands and 
ways in which workplaces are structured, each context arranges its shifts in unique 
ways and thus, in order to determine how to manage the effects of shift work, it is 
important to understand how it affects self-reported fatigue and sleep, of, in this case, 
nurses. While there has been extensive research on this in the global north, to date, 
there has been limited research aimed at examining the effects of shift work on nurses’ 
sleep-wake behaviours and fatigue in the South African context. Therefore, the aim of 
this study is to characterise shift arrangements in selected private facilities and explore 
its effects on private healthcare nurses.  

This study adopted a cross-sectional, survey design using an amended version of 
Standard Shiftwork Index. The questionnaire included demographic and shift details 
and explored the impact of the shift systems on nurse sleep-wake behaviours and 
disturbances and fatigue and workload. It was distributed among shift working nurses 
registered with the South African Nursing Council across three selected, private, 
healthcare facilities in the Eastern Cape, over a two-month period. The responses 
were analysed with descriptive and inferential statistics, with open-ended questions 
analysed using a thematic analysis.  

A total of 51 nurses completed the survey. Nurses worked 12-hour shifts which 
included night shifts and day shifts with fixed start and end times. Over time was 
commonly reported and generally, nurses reported having very little control over their 
shift arrangements. Overall, nurses slept less than what they reported they needed on 
duty days, with nurses working both day and night shifts reporting to sleep less than 
the globally recommended required sleep. This was compensated for by longer sleep 
durations during days off. The data collection revealed that three different shift 
arrangements were in use, including permanent day shifts, permanent night shifts and 
rotating shift work including nights, with permanent night nurses working significantly 
more consecutive shifts (seven) than the other two shift types and having significantly 
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more days off (seven) as well. While there were no significant differences in self-
reported sleep across the three shift types, permanent night nurses were found to have 
the shortest sleep. During days off, rotating nurse reported significantly longer sleep 
times compared to day shift workers which may point to the need to catch up from 
sleep debt.  Rotating nurses experienced the greater total disturbances to their sleep 
than permanent day and permanent night shift nurses. While not statistically 
significant, it may point to the fact that rotating shift workers could not obtain regularly 
timed sleep (due to having to change their schedules) compared to permanent day 
and night nurses. Workload (physical, emotional, mental and time pressure) did not 
differ between the shifts (day or night) or the shift types, but did reflect a heavier 
workload, possibly due to the data collection occurring during the 5th wave of the 
COVID 19 pandemic.   

This study highlights that nurses in private healthcare facilities are working extended 
hours which were associated with reduced total sleep, irrespective of the nature of the 
shift, with rotating shift nurses experiencing some degree of greater disturbances to 
their sleep. The number, duration speed and direction of the shifts of rotating nurses 
needs to be explored further, whilst also exploring the influence of individual factors 
on sleep-wake behaviours of nurses. It may be beneficial for the healthcare facilities 
to implement fatigue management strategies to mitigate the negative impacts of shift 
work, given the impact that this may impact the delivery of care.  
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CHAPTER I    
INTRODUCTION 

1.1. BACKGROUND 

Nurses are an integral part of the healthcare system and instrumental in providing and 

maintaining quality care (Klopper et al., 2012; Shiffer et al., 2018; Wilson, 2002). 

Nurses complete complex tasks evoking various levels of mental and physical exertion 

over long periods of time, in a dynamic environment with multiple stakeholders (Barker 

& Nussbaum, 2011; Carayon & Gurses, 2008; Chen et al., 2014; Makoweic-

Dąbrowska et al., 2007; Schluter et al., 2011). Nurses have and continue to face 

various challenges within their healthcare systems, especially in South Africa. The 

dual system of private and public healthcare in South Africa results in an unequal 

distribution of resources. A concerning challenge is a shortage of nurses inadequate 

to the challenges of a growing and aging population, and the burden of disease (Basu, 

2018; Chopra et al., 2009; Coetzee et al., 2013; Mackintosh et al., 2016; Pillay, 2009). 

This all contributes to the demands placed on nurses’ care processes.  

An important but often challenging part of working as a nurse in healthcare settings is 

the necessity to work shift work to provide 24-hour care (Klopper et al., 2012; Shiffer 

et al., 2018; Wilson, 2002). Shifts in healthcare are often long (12 hours) and require 

night work which increases the overall wake time; restricting time for sleep and 

recovery (Alshahrani et al., 2017; Giorgi et al., 2017; Querstret et al., 2020; Rogers et 

al., 2004; Saville et al., 2020; Stimpfel et al., 2012). Inadequate recovery because of 

shift work is driven by changes to nurses’ sleep-wake behaviours and circadian 

misalignment (Alshahrani et al., 2017; Giorgi et al., 2017; Querstret et al., 2020; 

Rogers et al., 2004; Saville et al., 2012). This results in shorter sleep of less than seven 

hours for nurses generally working 12-hour shifts, to less than six hours for rotating 

and permanent night shift nurses (Geiger-Brown et al., 2012; James et al., 2020; 

Molzof et al., 2019). Having to work consecutive, disruptive shifts also results in the 

accumulation of sleep debt which often increases the risk of errors and accidents due 

to sleepiness and nurses sleeping longer (more than seven hours) on off-duty periods 

(Geiger-Brown et al., 2012; Hirsch-Allen et al., 2014; James et al., 2020; Wilson et al., 

2019). However, irrespective of when the sleep occurs, it is often difficult for nurses 

who are already exposed to long working hours given that they need to attend to social 

and domestic responsibilities (Korsiak et al., 2017; Williamson & Friswell, 2013).  
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The combination of high workloads, long working hours, sleep loss and daytime (and 
nighttime) sleepiness as a consequence of shift work, negatively influences overall 
alertness and vigilance, causes performance decrements and increases risk of error, 
incidents, and injury on duty (Åkerstedt & Landström, 1998; Ball et al., 2017; Costa, 
2016; Ganesan et al., 2019; Gold et al., 1992; James et al., 2020; Wright et al., 2012). 
Over time, acute fatigue can develop into chronic fatigue, which is associated with a 
threat to the health and safety of both nurses and patients, contributing to poor quality 
care (Banakhar et al., 2017; Chaput et al., 2018; Deboer et al., 2007; Han et al., 2014, 
Sagaspe et al., 2012; Van Dongen et al., 2012).  

In South Africa, nurses work in a dual system of private and public healthcare (Coetzee 
et al., 2013; Chopra et al., 2009; Hlafa et al., 2019; Klopper et al., 2012; Messenger & 
Vidal, 2015; Young, 2016). Nursing in South Africa is faced with challenges of poor 
leadership (Armstrong & Rispel, 2015), maldistribution of resources including finances 
(Aikman, 2019; De Villiers, 2021) human resources (De Villiers, 2021; Maphumulo & 
Bhengu, 2019), and poverty and unemployment (De Villiers, 2021), and a quadruple 
burden of disease (Basu, 2018), in addition to long and unpredictable shifts. (Atallah 
et al., 2012; Carayon & Gurses, 2008; Stimpfel et al., 2012) during the COVID-19 
pandemic. 

While there is considerable research globally on the effects of shift work on nurses’ 
sleep and fatigue (Åkerstedt & Wright 2009; Giorgi et al., 2017; Querstret et al., 2020), 
there is comparatively limited research on these effects on South African nurses, in 
either the public and private healthcare sector, and especially within the private sector. 
Furthermore, while other high-income countries have the ability shifts between 6- and 
12-hours in length, shifts in the private sector in South Africa are typically 12-hours, 
especially night shifts (Basic Conditions of Employment Act, 1997; Burker et al., 2009). 
As a result, there are knowledge gaps about how shifts are scheduled in private 
healthcare in South Africa. While there is research comparing different shift lengths 
and the effects of different shift arrangements other healthcare contexts, the 
knowledge on shift arrangements in private healthcare subsequent effects on nurses’ 
sleep-wake behaviours is poorly understood, thus warrants investigation. 

1.3. RESEARCH AIMS 
In light of the above, the aims of this study were two-fold. The first aim was to 
contextualise the current shift work arrangements of selected private healthcare 
nurses in South Africa. The second aim was to determine how the different shift 
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arrangements impacted self-reported sleep-wake behaviours and fatigue of nurses in 
this context. 

1.4. RESEARCH OBJECTIVES 
The first objective is to characterise the shift system and the different shift 
arrangements employed across the three different healthcare facilities. The second 
objective is to characterise the sleep-wake behaviours of nurses, including sleep 
duration and sleep disturbances and elucidate the effects of different shift 
arrangements on these self-reported sleep-wake behaviours and fatigue. 

CHAPTER II 
REVIEW OF LITERATURE 

2.1 INTRODUCTION 

Healthcare is a complex, dynamic system comprised of multiple stakeholders, 

multidisciplinary teams, organisations, specialities, and technologies to promote, 

restore, and maintain health (Braithwaite et al., 2017; Hignett et al., 2013; Khan et al., 

2018, White, 2015; World Health Organisation [WHO], 2007). These elements of the 

healthcare system are important in providing quality care and ensuring global health 

security (Sturmberg, 2012). The healthcare worker, particularly nurses, needs to be 

recognised as a vital component of the healthcare system, as healthcare workers are 

responsible for decision-making for the appropriate use of medical equipment and 

instruments when providing quality care (Anand & Bärninghausen, 2012). 

Quality care, as set out by the Institute of Medicine (IOM) and the National Academies 

of Sciences, Engineering and Medicine (NASEM), is dependent on safety, 

effectiveness, person-centredness, timelines (affected by accessibility and 

affordability of resources), efficiency, and equity being achieved (IOM, 2001; NASEM, 

2018). The dynamic nature of healthcare requires continuous re-evaluation and 

redesign to accommodate emerging needs to ensure that healthcare systems continue 

to be efficient, effective and sustainable, and are able to provide quality care (Carayon, 

2006; Pillay, 2009). The foundation of a well-functioning healthcare system is 

dependent on the balance between disease prevention through clinical and non-

clinical work (service delivery) being achieved, adequate distribution of resources and 

healthcare workers, and good leadership and governance (Carayon, 2006; Hignett et 

al., 2013). All levels of the system are required to react adaptively when faced with 
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challenges to achieve the best emergent solutions for individual and community health 

(Sturmberg, 2012; Khan et al., 2018).In this study we need to understand the role of 

nurses and the pressures within the system that affect nurses’ sleep wake behaviours 

and fatigue. 

2.2. DEMANDS OF THE NURSING PROFESSION 
Globally, nurses make up more than 50% of healthcare workers (76.8% in South 

Africa), and are considered to play a pivotal role in determining and maintaining the 

efficiency, effectiveness, and sustainability of healthcare systems (Drennan & Ross, 

2019; Englebrecht, et al., 2019; Fitzpatrick et al., 1999; Klopper, et al., 2012; Pillay, 

2009; Wilson, et al., 2016). Nursing is a dynamic profession that requires nurses to 

provide and maintain comprehensive, palliative care to individuals, groups and 

communities in an environment where the technology, tasks, and workloads are 

constantly changing (Nursing Act, 2005). Thus, nurses must fulfil multiple roles to 

deliver quality care. Nursing care is categorised into four methods: functional nursing, 

individual nursing, team nursing, and primary nursing (Parreria et al., 2021). These 

four work methods are further grouped into task-centred (functional nursing) and 

person-centred care methods (individual, team and primary nursing) (Parreria et al., 

2021). 

The demands of the nursing are highly dependent on the clinical setting such as the 

physical work environment, interactions with multidisciplinary teams, and level of care 

required for patients. Thus, nursing workload is the ratio of demands to resources 

available (Alghamdi, 2016; Carayon & Gurses, 2008; Putri & Rahayu, 2019). Factors 

that contribute to nurses’ workloads include patient acuity, level of skills and 

knowledge, non-patient related work, physical, mental and emotional exertion, and the 

dynamic nature of the care process (Alghamdi, 2016), as well as various 

organisational factors, giving rise to the ‘situation workload’ (Carayon & Gurses, 2008). 

The existing nursing workloads increased exponentially caring for COVID-19 patients 

between 2020 and 2022, with higher levels of stress (Alegbeleve & Moahmmed, 2020; 

Joo & Liu, 2021; Nashwan et al., 2021). 

Nurses’ workload can be characterised according to the unit, job, patient, and situation 

levels, each with its unique set of challenges (Carayon & Gurses, 2008). Nurses are 

required to perform various tasks during specific shifts (unit-level), where the type and 
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amount of workload is partially dependent on nurse speciality and type of unit (job-

level). Throughout, nurses encounter various patients with various clinical needs, and 

situations within the healthcare system that contribute to overall nursing workloads 

and nurse stress (Bai & Ravindran, 2020; Carayon & Gurses, 2008). Building on the 

situation level, workloads are not only influenced by patients’ and patients’ family’s 

needs on a micro level, but also (un)supportive peer work environments and/or 

(in)adequate organisational support on meso and macro levels (Carayon & Gurses, 

2008). In terms of these levels, we can consider a workload hierarchy, where situation 

and patient levels are embedded in the job-level workload, which is further embedded 

in the unit-level workload (Carayon & Gurses, 2008). The dynamic nature of healthcare 

increases the complexity of tasks and skills required (Barger et al., 2005; Ganesan et 

al., 2019), which may further influence the stress and workloads experienced at 

different workload levels for nurses. Global health challenges have also greatly 

increased the nursing existing workloads. 

Depending on the speciality, nurses are often exposed to disinfectants/sterilising 

products, UV and X-ray radiation, and anesthetic gases and other harmful substances 

associated with negative health outcomes (Burdelak et al., 2012; Han et al., 2014; 

Steege et al., 2015). Apart from direct patient care, nurses complete non-nursing tasks 

(tasks below their scope of practice) such as delivering and retrieving food trays, 

discharges, referrals, transporting patients, and administrative tasks (Bekker et al., 

2015). All tasks must be completed during rapid admission and discharge cycles 

(Rogers et al., 2004). Stress levels experienced by nurses increase when there is 

insufficient time to complete tasks within the required timeframe, known as time 

pressure (Bogossian et al., 2014, Chabikuli et al., 2005; Teng, Hsiao, & Chou, 2010). 

Increased time pressures may hinder nurses’ decision-making abilities, often leading 

to negative emotions surrounding the quality of patient care and nurse fatigue (Teng 

et al., 2010). 

Considering that nursing is a caring profession and apart from physical care, nurses 

provide emotional support to patients that is culturally sensitive, proficient, and moral 

(Aslani & Bahmani, 2022; Khamisa et al., 2015), adding to the emotional stress and 

tiredness experienced by nurses and often linked to nurse burnout and fatigue (Aslani 

& Bahmani, 2022; Dall’Ora et al., 2020; Stimpfel et al., 2012).  
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Nurses’ workloads are also largely influenced by the physical work environment, 

interactions with multidisciplinary teams and patients, and domestic responsibilities 

(Carayon & Gurses, 2008; Putri & Rahayu, 2019). In a study by West, Rudge and 

Mapedzahama (2016), workloads of day and night shift nurses differed in that the 

hospital at night is less crowded, less noisy, and more flexible than during the day. 

Additionally, patients are sleeping during the night, thus nurses experience less 

physical and mental workloads with reduced care required, and they can compete their 

non-care related tasks without the associated time pressures during the day (West et 

al., 2016). On the other hand, the shortage of staff at night to deal with confused and 

aggressive patients, can contribute to added time pressure and emotional stress. 

Moreover, there is a lack of management presence during the night with less night 

staff, resulting in more responsibility for night shift nurses (West et al., 2016).  

The workloads of nurses are further influenced by various challenges in health 

systems, both globally and locally. The influence of global challenges will be discussed 

first, followed by the healthcare challenges nurses face in South Africa. 

2.3. GLOBAL HEALTHCARE CHALLENGES 
In general, delivery of quality care is complex and is dependent on the healthcare 

system’s capacity to provide care, as well as patients’ needs (Carayon, 2006). The 

provision of care encompasses adequate service delivery, health workforce, health 

information systems, access to medicines, finances and leadership and governance, 

known as the “building blocks” of healthcare (IOM, 2001). Global health systems, as 

established by the United Nations General Assembly, aim to improve health through 

the Millennium Development Goals (World Health Organisation [WHO], 2015). This 

needs to be achieved through reducing/eradicating extreme poverty, achieving 

universal basic education, reducing child and maternal mortality, promoting gender 

equality and female empowerment, effective disease prevention and treatments, 

environmental sustainability, and global partnerships towards development (WHO, 

2015).  

However, quality care provision by nurses is largely influenced by the social 

determinants of health: social and environmental circumstances that determine the 

distribution of adequate resources for health at national and local levels (Phillips et al., 

2020). These determinants include access to nutritious food, care, and primary 
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caregivers, civic participation, crime and violence, discrimination, employment, 

environmental conditions, health literacy, housing, income, interpersonal violence, 

education, and social support (Phillips et al., 2020; Reutter & Kushner, 2010). These 

social determinants of health are influential in moulding the framework for quality 

healthcare provision, and ultimately health equity for Global South populations (Phillips 

et al., 2020).  

Efficient healthcare delivery by nurses is highly dependent on the availability and 

readiness of resources, such as reliable power, water, sanitation, standard procedures 

regarding infection prevention, and medical equipment, all of which are poorly 

managed in many Global South countries compared with Global North countries 

(Cronk & Bartram, 2018; Huttinger et al., 2017; IOM, 2001). In addition, studies have 

emphasised inequalities affecting the quality of care between private and public 

sectors (Basu et al., 2012; Berendes et al., 2011). Resource limited countries are 

challenged with poor hygiene practices, often resulting in healthcare-related or 

hospital acquired infections, contributing to increasing demands for quality care 

(Allegrazi et al., 2011; Cronk & Bartram, 2018; Huttinger et al., 2017; IOM, 2001).  

Research has highlighted that a rise in the growing and aging population has 

increased the associations between demographic, economic and epidemiological 

factors contributing to cardiovascular and respiratory diseases, diabetes, and certain 

cancers (Attallah et al., 2012; Catton, 2020; Reynolds et al., 2013). This is observed 

particularly in countries with greater poverty, where 90% of diseases worldwide occur 

(Da Silva, 2008). An emergent challenge, therefore, is a rise in the costs of healthcare 

linked to the need and availability of technologies, medication, resources, and labour 

(including nurses), to address the increasing the demand for quality care (Fitzpatrick 

et al., 1999; Atallah et al., 2012). While Global North countries may be able to afford 

the rise in costs, Global South countries are still struggling with limited resources and 

distribution of resources (Alegbeleye & Mohammed, 2020; Carter, 2019; Yates & Lillie, 

2019).  

In 2020, COVID-19 was announced as a pandemic and an international public health 

emergency was declared, which has resulted in dire health and socio-economic 

consequences around the globe (Gao et al., 2020; Visagie & Turok, 2020). Nurses 

particularly were faced with not having enough information about how to treat the novel 
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virus, and often had to deal with high unpredictability, a lack of support from hospital 

and healthcare systems regarding appropriate personal protective equipment and 

treatments, insufficient isolation units, as well as increased emotional and 

psychological stress (Alegbeleye & Mohammed, 2020; Joo & Liu, 2021).  

One of the biggest challenges to healthcare systems around the world is the 

continuous shortage of skilled nurses to deal with the pre-existing and current increase 

in demand for quality care and disease prevention (Atallah et al., 2012; Blaauw et al., 

2013; Carayon & Gurses, 2008; Marć et al., 2019; Reynolds et al., 2013; Pittman, 

2013; Yamaguchi et al., 2016). With a shortage of 7.2 million healthcare workers 

between 2013 and 2015, it is estimated that there will be a shortage of seven million 

nurses by 2030 (Drennen, & Ross, 2019) and 12.5 million by 2035 (Carter, 2019; Marć 

et al., 2019). This is driven by inter alia arguments that there are less people interested 

in the nursing profession and WHO predicts that 40% will leave the profession by 2030 

(Marć et al., 2019). The nursing population is aging or entering the later stages of their 

nursing careers (Sherman et al., 2013); approximately 60% of nurses are above the 

age of 40, and almost a third are over 50 years of age, thus nearing retirement (Marć 

et al., 2019; Ryan et al., 2019). Although strategies have been implemented to address 

the global nursing shortage such as training and recruiting new nurses, especially 

registered nurses, the number of younger nurses enrolled for nursing education is still 

insufficient to replace the already diminishing, older, nursing workforce (Donley, 2005; 

Van der Heijden et al., 2019).  

Another factor affecting the nursing shortage, and ultimately nursing workloads, is 

nurses’ dissatisfaction with their working conditions (Donley, 2005), contributing to 

nurse turnover and intention to leave (Hayes et al., 2012; Lo et al., 2018). For hospital 

nurses, these conditions include excessive workloads due to high patient acuity levels. 

The intensity of nursing care required is affected by the severity of the patient’s illness 

(Brennan & Daly, 2008), more frequent patient transfers, rapid admission and 

discharge cycles, poor interpersonal relationships at work, poor organisational climate, 

lack of team support (Halter et al., 2017; Hayes et al., 2012) and miscommunication 

between healthcare workers hindering the effective and efficient coordination of work 

(IOM, 2001). Nurses often complain of having to complete tasks outside their scope 

of practice and of not receiving adequate income for the work they do (Marć et al., 

2019). 
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2.4. NURSING IN SOUTH AFRICA 
In South Africa, there are four types of nurses by qualification: a professional or 

registered nurse (RN/PN), enrolled nurse or staff nurse (EN/SN), an enrolled nurse 

auxiliary or auxiliary nurse (ENA), and midwives (Nursing Act, 2005). A professional 

nurse, known as a registered nurse (RN), is defined as “a person who is qualified and 

competent to independently practice comprehensive nursing in the manner and to the 

level prescribed and who is capable of assuming responsibility and accountability for 

such practice”, in accordance with the regulations set out in Chapter Two, section two 

of the South African Nursing Act (Nursing Act, 2005, p. 34). Registered nurses 

complete a four-year course where they are trained in being primarily responsible for 

the decision-making, administration of treatments, implementation of nursing care 

plans, as well as preparing and supporting patients through operative, diagnostic and 

therapeutic processes, and delegating appropriate tasks to and supervising enrolled 

nurses and enrolled nurse auxiliaries (Nilsson  et al., 2008; Nursing Act, 2005; South 

African Nursing Council [SANC], 2021; Reynolds et al., 2013).  

An enrolled nurse, also referred to as a staff nurse, is defined as “a person educated 

to practice basic nursing in the manner and to the level prescribed” (Nursing Act, 2005, 

p. 34; Reynolds et al., 2013). Enrolled nurses perform and maintain general nursing 

practices that are delegated to them by RN’s in accordance with legislation (Nursing 

Act, 2005) 

An enrolled nurse auxiliary, or auxiliary nurse is defined as “a person educated to 

provide elementary nursing care in the manner and to the level prescribed”, (Nursing 

Act, 2005, p. 34). Auxiliary nurses provide basic nursing care prescribed to them by 

professional nurses, and aid and support nurses of higher qualifications (Nursing Act, 

2005). 

A midwife is responsible for comprehensive midwifery and neonatal care through the 

promotion, maintenance and restoration of health of women and children throughout 

pregnancy (Nursing Act, 2005). The majority of professional nurses are also midwives 

(Armstrong & Rispel, 2015).  

In South Africa, nursing education is available at 20 of 23 public universities, 12 public 

sector nursing colleges, one defence force run nursing college, private nursing 

colleges run by three major private healthcare groups, and profit-based private nursing 
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schools. The quality of nurse education is largely determined by the educational 

institutions managed by provincial health departments (Armstrong & Rispel, 2015; 

Rispel 2015). At a job level, a nurse’s workload is characterised by the type of nursing 

job or speciality (Carayon & Gurses, 2008). Some specialities include community 

health, emergency, forensic, mental health, oncology and palliative, paediatric, and 

critical care nurses (SANC, 2021).  

2.4.1. South African healthcare challenges 
The South African healthcare system can be described as three levels (each with a 

set of legislation): the national (Department of Health), provincial, and district levels 

(Aikman, 2019), providing primary, secondary and tertiary care (Melariri et al., 2021) 

to a country suffering from historical and current social inequality, poverty, 

unemployment, and the quadruple burden of disease (De Villiers, 2021). Post-

Apartheid South Africa aimed at reducing the inequalities in the healthcare system to 

provide healthcare for those that lack basic municipal and provincial services, giving 

rise to a dual system of private and public healthcare systems (Coetzee et al., 2013; 

Chopra et al., 2009; Hlafa et al., 2019; Klopper et al., 2012; Messenger & Vidal, 2015; 

Young, 2016). The private sector provides services to the more affluent population 

(18%) who can afford medical aid or are self-funding; while public healthcare is 

provided to the less affluent population (84%) via public hospitals and clinics in rural 

areas, funded by the government (tax revenues) (Aikman, 2019; Coetzee et al., 2013; 

Hlafa et al., 2019; Klopper et al., 2012). While the inequalities between the two sectors 

discussed below have more negative consequences for the public sector, the negative 

consequences may manifest challenges for staffing, education, and retention of 

nurses in the private sector discussed further in finance and staffing challenges. 

Furthermore, the challenges discussed below give important context into resource 

management in relation to the provision of care by nurses in South Africa. 

Like most African countries, South Africa does not have strong ‘building blocks’ for 

quality healthcare, particularly in the public sector (Oleribe et al., 2019). Furthermore, 

rapid urbanisation leading to more of the population settling in urban areas, requires 

healthcare facilities to function beyond their initial capacity (Maphumulo & Bhengu, 

2019); while certain healthcare services, institutions and facilities are still largely 

physically inaccessible to the vast majority of South Africans (De Villiers, 2021). Three 

main challenges to the South African healthcare system have been identified as 
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contributing to the growing quadruple burden on disease, the influence of poverty and 

unemployment, and systemic and structural issues underpinning poor service delivery 

(De Villiers, 2021). COVID-19 has further highlighted South Africa’s pre-existing social 

and spatial inequalities in relation to poor hygiene and sanitary measures to deal with 

the pandemic in rural areas (Visagie & Turok, 2021). A barrier to culturally sensitive 

care is that, despite the 11 languages recognised within South Africa, communication 

regarding health is primarily done in English, sometimes preventing effective 

communication between nurses and patients (De Villiers, 2021).  

The challenges to healthcare will be discussed starting with leadership and 

governance, followed by finances, staffing, poverty and unemployment, and the 

burden of disease. 

2.4.1.1. Leadership and governance 

The World Health Organisation (WHO) states that leadership and governance 

encompass strategic policy frameworks responsible for regulation, accountability, 

system design, oversight and coalition building of health systems (WHO, 2007). The 

maldistribution of resources, delays in policy implementation, and the revision of the 

scope of practices for nurses and regulations for nursing education have previously 

been attributed to issues of poor management, leadership, and governance in South 

Africa, particularly by the South African Department of Health, and the South African 

Nursing Council (Armstrong & Rispel, 2015). Nurses have previously reported self-

serving interests of leaders who do not focus on the needs and interests of the nursing 

profession (Armstrong & Rispel, 2015). Issues linked to an inadequate nursing 

curriculum, education, student training and selection, and workforce planning 

challenge the current nursing workforce (Armstrong & Rispel, 2015). Moreover, poor 

leadership further contributes to the retention of nurses and related nursing shortages, 

dissatisfaction among nurses, and general poor communication (Alghamdi, 2016). 

2.4.1.2.  Finances 

The lack of financial resources between public and private sectors directly influences 

the availability of medical equipment and treatments (Aikman, 2019). According to the 

South African Department of Health in 2015, the total health expenditure consumed 

by the public health sector was 49.2%, where private healthcare costs increased by 

120% between 2005 and 2015, leaving an inequality in the allocation of funds between 

private and public sector to deal with the challenges faced in healthcare by nurses 
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(Messenger & Vidal, 2015; Surrender et al., 2015). Since then, public hospitals are 

experiencing a shortage in finances, despite the Department of Health receiving 

R222.6 billion in the 2019/2020 financial year (Aikman, 2019). Eighty-four percent of 

the South African population require public health services without health insurance, 

and yet only half of the allocated health expenditure is spent on public healthcare 

(De Villiers, 2021). In addition, only 16% of South Africans subscribed to medical aid 

schemes attended to by the private sector consume 50% of the total health 

expenditure (Maphumulo & Bhengu, 2019). The financial disparities faced by the 

healthcare systems are largely attributed to wasteful expenditure and corruption 

(Aikman, 2019). Although the National Health Insurance (NHI) scheme was created to 

provide all South Africans with the financial opportunity to quality healthcare, due to 

the continuing maldistribution of finances to fund the scheme, the NHI is also 

contributing to the lack of healthcare funding (Aikman, 2019). This maldistribution of 

financial resources subsequently affects the availability of resources for efficient and 

effective care, which has led to more citizens seeking care from the private sector 

within more urbanised areas (Maphumulo & Bhengu, 2019). This puts more strain on 

the private sector to provide care to a larger population than intended, functioning 

beyond its capacity (Maphumulo & Bhengu, 2019). As a result, private sectors seek to 

employ more nurses to deal with the influx of patients, further contributing to staffing 

inequalities and challenges between public and private sectors (Maphumulo & 

Bhengu, 2019), discussed below. 

2.4.1.3. Staffing 

South Africa has been identified as unable to effectively implement human resources 

for health policies (Van Ryneveld et al., 2020). The health sector continues to be 

chronically understaffed in rural areas (De Villiers, 2021), influencing the nurse-to-

patient ratio and subsequent recruitment and retention of nurses at a unit level (Alenzi 

et al., 2019; Atallah et al., 2012; Bogossian et al., 2014; Carayon & Gurses, 2008; 

Englebrecht et al., 2019; Saville et al., 2020). Between 2000 and 2010 in South Africa, 

there was already a ratio of 4.08 nurses providing care to 1000 citizens. There is a 

further maldistribution of nurses between the private (80%) and public (72%) sectors 

of the total number nurses required to be employed in both sectors (Barron & 

Padarath, 2017; Engelbrecht et al., 2020; Maphumulo & Bhengu, 2019; Reynolds et 

al., 2013). Since then, there has been a decrease to one health professional per 1000 
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patients (Maphumulo & Bhengu, 2019). Aggravating the nursing shortage is the 

closure of nursing colleges country wide since the 1990s (Maphumulo & Bhengu, 

2019). With the under-resourced public sector, nurses often tend to seek employment 

in the private sector by moonlighting – working a second job in addition to a primary 

job (Rispel et al., 2014; Maphumulo & Bhengu, 2019). Nurses sometimes moonlight 

as agency staff, straddling the public and private sector, in the hopes of increased 

income, additional/specialised training, and more benefits (Rispel et al., 2014). 

Moonlighting and agency nursing, however, require nurses to work even longer hours, 

which may inturn affect their overall health and provision of care (Rispel et al., 2014). 

2.4.1.4. Poverty and unemployment 

In 2018, South Africa was named the most unequal society globally, due to income 

and wealth inequality, where approximately 70.9% of the country’s wealth is controlled 

by the top 1% of the South African population (De Villiers, 2021). Although the country 

has implemented policies such as the affirmative action and Black Economic 

Empowerment programmes, poverty continues to rise in rural and remote areas 

among black South African citizens (De Villiers, 2021).  

2.4.1.5. Burden of disease 

At a patient level, nurses’ workload is directly influenced by the treatment required 

related to the patients’ conditions (Carayon & Gurses, 2008). Particularly in South 

Africa and additional to the global influx of treating diseases mentioned at a global 

level, nurses are challenged with treating the quadruple burden of diseases linked 

increased HIV/AIDS, tuberculosis, maternal and child mortality rates, and increased 

rates of non-communicable diseases – four times greater than most countries (Basu, 

2018; Coetzee et al., 2013; Chopra et al., 2009; Coovadia et al., 2009; Macintosh et 

al., 2016). The quadruple burden of disease has been further exacerbated by poor 

diet, increased transmissions of STIs due to unprotected sexual encounters, alcohol 

abuse, and interpersonal violence (Hlafa et al., 2019) as well as poor hygiene and 

sanitation (Maphumulo & Bhengu, 2019). In addition, COVID-19 has also exacerbated 

nurses’ burdens (Gao et al., 2020). Not only are nurses faced with the challenge of 

caring for infected patients, but they are at risk of being infected themselves, especially 

vulnerable groups such senior nurses and nurses with co-morbidities (Aslani & 

Bahmani, 2022).  
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While still limited, evidence suggests that South African nurses both in private and 

public healthcare sectors are growing more dissatisfied with the working conditions 

(and poor remuneration) associated with the increase workload, inadequate resources 

and staffing, fewer career development opportunities, and poor organisational climate 

(Khamisa, et al., 2015; Klopper et al, 2012). This dissatisfaction has contributed to the 

increasing intra- (public to private) and inter-migration of healthcare workers in search 

of more desirable working conditions and higher salaries (Maphumulo & Bhengu, 

2019; Schrecker & Labonte, 2004), as well as a shortage of nurses. These challenges 

associated with the care process and healthcare systems within the country only add 

to the existing demands and workloads faced by nurses daily.  

An important aspect contributing to nurses’ workloads is long hours/shift work to 

provide and maintain 24-hour quality care (Atallah et al., 2012; Carayon & Gurses, 

2008). While shifts in high income countries, for example countries in the United 

Kingdom can be between 6 and 12-hours in length (Brucker et al., 2009), shifts (both 

the public and private sector) are typically 12-hours in South Africa, especially in the 

context of night work (Basic Conditions of Employment Act, 1997). Furthermore, the 

realistic length of shifts for nurses is often unpredictable because of changes in the 

needs of patients and unanticipated staff changes, resulting in nurses working 

overtime hours (Stimpfel et al., 2012). Nurses often feel like they have little to no 

control over their shift system (Chan, 2008). The responsibilities and demands of the 

nursing profession have a significant impact on nurses’ sleep (Owens et al., 2017). 

Furthermore, aspects of shift systems related to sleep-wake behaviours and fatigue 

increase the risk of errors (administrative, procedural, charting, transcription, and 

medication) as well as contribute to higher incidences of sleep loss-related motor-

vehicle accidents whilst commuting and needlestick injuries (Dembe et al., 2009; 

Geiger-Brown et al., 2012; Gold et al., 1992; Molzof et al., 2019; Smith-Miller et al., 

2014), jeopardising the health and safety of both nurses and patients during the care 

giving process and once nurses leave work. These risks of errors are associated with 

reduced attention, vigilance and alertness levels, especially towards the end of a night 

shift (Geiger-Brown et al., 2012; Seong et al., 2021; Wilson et al., 2019), where 

workplace safety incidents are estimated to be 13% and 27% higher after 10 and 12 

hours respectively (Williamson & Friswell, 2013).  
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Having introduced that shift work contributes to sleep disruptions and fatigue of 

nurses, the following section provides insight into what shifts work entails, how sleep 

is regulated in terms of quality and quantity of sleep and alertness, and ultimately how 

different forms of shift work interferes with sleep-wake regulation. 

2.5. SHIFT WORK 
Shift work schedules and extended shifts are common in healthcare, specifically 

among nurses and are necessary to provide 24-hour care. While there are many 

definitions, shift work refers to a method of organising work outside of the usual 08h00-

17h00 working day, which allows individuals to work one shift after another over a 24-

hour period (Arlinghaus et al., 2019; ILO, 2004; Lerman et al., 2012; Silva et al.; 2020; 

Saksvik et al., 2011; Tucker & Folkard, 2012). Shifts often consist of two or more 

people/teams on duty with differing starting and ending times for work (Åkerstedt, 

1988; Sallinen & Kecklund, 2010; Tucker & Folkard, 2012), allowing for the optimal 

use of facilities, energy, resources for the growing demand, more flexible working and 

leisure times, and non-standard workplaces (ILO, 2004; Saleh et al., 2018; Sallinen & 

Kecklund, 2010; Tucker & Folkard, 2012).  

It is estimated that 20% of the worldwide working force is involved in shift work (Lee 

et al., 2007; McElroy et al., 2020; Min, Min, & Chong Hong, 2019; Paoli, & Merllié, 

2001; Parent-Thirion et al., 2017); where another 20% of workers engage in night shift 

work (Ferri et al., 2016). Night work is an integral part of shift work in facilitating around-

the-clock services, especially in nursing. The International Labour Conference 

established night work as “all work which is performed during a period of not less than 

seven consecutive hours, including the interval from midnight to 5 a.m.” (ILO, 2011, 

p.45; ILO, 2019, p.15). Including shift work, the length of working hours per week for 

nurses around the globe ranges between 35-46 hours (Ferri et al., 2016; Garde et al., 

2019, Qiu et al., 2020). In South Africa, the Basic Conditions of Employment Act (1997) 

regulates working time to 45 hours a week. 

Shift work, particularly extended shifts of 12 hours, provides greater continuity of 

staffing over the 24-hour period and decreases overlaps between shifts (Ball et al., 

2017), which can be useful considering the shortage of nursing staff (Griffiths et al., 

2014). Continuity of staffing allows for compressed working weeks and more off-duty 

days per group of shift nurses, a reduction in costs for employment and overtime 
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hours; and depending on how these shifts are scheduled, reduces the number of daily 

shift changes and subsequent handovers (Ball et al., 2017; Barker & Nussbaum, 2011; 

Costa et al., 2014; Dall’Ora et al., 2022; Griffiths et al., 2014; Rogers, 2008; Sallinen 

& Kecklund, 2010; Smith-Miller et al., 2014; Williamson & Friswell, 2013; Wilson et al., 

2019). Shift work, however, may have additional administrative costs associated with 

number of workers employed, training, and higher labour costs (ILO, 2004; Saleh et 

al., 2018), particularly costs associated with increased sick days/absences, and higher 

incidences of patient care left undone (Griffiths et al., 2019; James et al., 2021). Some 

studies have highlighted that longer shifts increase costs associated with staffing and 

overtime (Griffiths et al., 2019; James et al., 2021). 

2.5.1. Shift work and sleep 
Research looking into the characteristics of shift work has identified various 

associations between the length and type of shifts with negative physiological, psycho-

social and safety outcomes (Harringon, 2001; ILO, 2004; Knauth, 1993; Saleh et al., 

2018; Sallinen & Kecklund, 2010; Tucker & Folkard, 2012). These consequences of 

shift work, especially rotational and night work, have previously been attributed to 

humans being required to work when biologically inclined to sleep (Costa, 2010; 

Folkard & Åkerstedt, 2004; Folkard, & Lombardi, 2006; International Labour 

Organisation [ILO], 2019; Ljevak et al., 2020; Monk, 1989; Paterson et al., 2014; 

Shiffer et al., 2018), and sleep when supposed to be awake and alert (Monk, 1989).  

If left unattended, disruptions to the sleep wake cycle may lead to sustained feelings 

of sleepiness, and fatigue. To fully understand the effects of different kind of shifts on 

sleep, it is important to firstly understand the mechanisms and purpose of sleep, how 

it is regulated and the effects of disrupted sleep on humans. This is discussed below. 

2.6. SLEEP-WAKE REGULATION  
Sleep, a universal behaviour and reversable state in which the organism is 

unresponsive to the environment whilst in a specific position and place, is 

characterised by lowered body metabolism, and reduced responsiveness to sensory 

stimuli (Carskadon & Dement, 2011; Mignot, 2008; Overeem et al., 2007). Sleep is 

critical for energy conservation, cognitive, physiological, and physical restoration and 

maintenance, information processing, and memory consolidation (Borbély et al., 2016; 

Buysse, 2014; Carrier, 2014; Carskadon & Dement, 2011; Chaput et al., 2018; 
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Didikoglu et al., 2019; Eldevik et al., 2013; Jonasdottir et al., 2021; Matricciani et al., 

2017; Mignot, 2008; Overeem et al., 2007; Qiu et al., 2020).  

The timing of sleep and wake, or the sleep-wake cycle, based on alternating periods 

of restfulness/arousal and sleep synchronised with the 24-hour day/night cycle, is 

regulated by two important processes: the circadian process and the sleep 

homeostatic process illustrated by the two-process model of sleep regulation (see 

Figure 1) (Borbély, 1982; Borbély & Achermann,1999; Murillo-Rodrΐguez et al., 2019).  

2.6.1. The circadian rhythm 
The circadian rhythm (CR) is produced by the body’s natural circadian  clock that 

oscillates ‘loosely’ about a 24-hour period (Borbély & Achermann, 1999; Costa, 2010; 

Deboer  et al., 2007; Goel et al., 2013, Madide, 2003; Lemmer, 2015; Moreno et al., 

2019; Wright et al., 2012; Van Dongen & Dinges, 2000; Vitaterna et al., 2001; Yoo & 

Kim, 2017) observed through biological and physiological processes such as body 

temperature/thermoregulation, blood pressure, eating habits, and the timing and 

release of hormones (notably cortisol and melatonin) for immune and endocrine 

functions (Aesbach et al., 1997; Borbèly, 1982; Borbèly & Achermann, 1999; Costa, 

2010; Crowly et al., 2007; Madide, 2003, Moreno et al., 2019; Wahl et al., 2019; 

Vitaterna et al., 2001).  

The circadian clock, independent of prior wake and sleep, is sensitive to changes in 

external stimuli, particularly light or ‘zeitgebers’, and synchronises or entrains to the 

exogenous light/dark cycle (Aesbach et al., 1997; Borbély, 1982; & Borbély & 

Achermann, 1999; Crowly et al., 2007; Goel et al., 2013). Changes in light alert the 

suprachiasmatic nucleus (SCN) situated in the hypothalamus known as the circadian 

pace-maker (Aesbach et al., 1997; Borbély, 1982; Borbély & Achermann, 1999). 

Entrainment of the CR further drives behaviours associated with sleep regulation 

(Crowly et al., 2007; Hirotsu et al., 2015; Kervezee et al., 2020; Overeem et al., 2007; 

Ramkisoensing & Meijer, 2015; Wahl et al., 2019), enabling the circadian clock to 

anticipate changes in the environment through negative and positive feedback loops 

(Hirotsu et al., 2015; Kervzee et al., 2018; López-Soto et al., 2019; Overeem et al., 

2007; Ramkisoensing & Meijer, 2015; Wahl et al., 2019). In addition to natural light 

stimulus, the circadian clock also responds to exogenous factors such as artificial light, 

and behaviours such as physical activity, and stimulant, drug, and food intake (Arendt, 
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2010; Chaput et al., 2018; Goel et al., 2013; Wahl et al., 2019). It is also influenced by 

individual factors of age, genetics, and chronotype (Chaput et al., 2018; Goel et al., 

2013; Wahl et al., 2019).  

The circadian clock is responsible for daily fluctuations in attention and alertness that 

coincide with core body temperature rhythms (Molzof et al., 2019). The peak or 

acrophase occurs in the late afternoon or early evening, a time that is often difficult to 

initiate sleep in (Wilking et al., 2012). Contrastingly, there are also troughs within the 

rhythm: the first occurs during the early afternoon and is often referred as the post 

lunch dip and the second is the nadir which occurs in the early hours of the morning, 

between 02h00 and 06h00 (Czeisler et al., 1980; Monk, 2005). These periods, but 

more so the nadir, are characterised by low physiological arousal and sleepiness 

(Czeisler et al., 1980). The nadir of the CR is presented as heightened alertness levels 

characterised by increased cortisol levels, initiating wake (Djik et al., 2012). On the 

other hand, the CR changes at night, are associated with decreased alertness levels 

and increased sleep propensity during the late afternoon and night, with the reduced 

light stimulus triggering the release of melatonin to prepare the body for sleep 

(Cajochen et al.2003). 

The circadian rhythm works together with the homeostatic drive for sleep to promote 

sleep and wake at the appropriate times of day. The homeostatic drive for sleep is 

discussed next. 

2.6.2. Homeostatic drive for sleep 
The homeostatic drive for sleep is a sleep pressure system regulating sleep – the 

build-up and dissipation of sleep pressure, opposing the circadian process (Borbély & 

Achermann, 1999). Observed through slow wave sleep (SWS), the stage in which 

most restorative and strengthening physiological processes take place, non-rapid eye 

movement, and electro-encephalography, the homeostatic system ensures that sleep 

propensity accumulates throughout the day and decreases as the body transitions to 

non-rapid eye movement (NREM) sleep until adequate dissipation of sleep pressure 

is reached (Aeschbach et al., 1997; Borbély, 1982; Borbély et al., 2016; Carskadon & 

Dement, 2011; Crowley et al., 2007; Czeisler & Gooley 2007; Deboer, 2018; Kervezee 

et al., 2020; Owens, 2007). Increased time spent awake and/or sleep loss leads to a 

greater accumulation of sleep propensity (Borbély, 1982). 
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2.6.3. Two-process model of sleep regulation 
The two-process model for sleep regulation in Figure 1 illustrates the relationship 

between the homeostatic sleep drive and the circadian rhythm (proposed by Borbély 

in 1982) that regulates the timing of sleep and wake in mammals. Process S 

represents the homeostatic sleep drive, while process C represents the circadian 

rhythm (CR), acting paradoxically about a 24-hour period (Borbély, 1982; Borbély et 

al., 2016; Czeisler & Gooley 2007). In addition, the ultradian process also observed in 

sleep research, consists of alternating cycles of rapid eye movement (REM) and non-

rapid eye movement (NREM) (Borbély & Achermann 1999).  

 

Figure 2: The two-process model for sleep regulation in entrained conditions,  
where process S represent homeostatic sleep drive and process C represents 
circadian process (Borbély, 1982) 

In entrained conditions, the sleep-wake cycle promotes and maintains wakefulness 

and cognitive alertness for approximately 16 hours during the day (Cajochen et al., 

2003). Process C is responsible for maintaining wakefulness during the day, and this 

promotes sleep during the night when sleep propensity is high (Lavie 1980, as cited in 

Cajochen et al., 2003). This has been observed through the release of melatonin in 

correspondence with decreased body temperature (Djik et al., 1999; Djik et al., 2012). 

Process S (sleep propensity) decreases with sleep and wake is initiated with the 

release of cortisol, in conjunction with increasing body temperature and exposure to 

light (Djik et al., 2012). Extended wakefulness or being awake during the night, 

desynchronises the circadian rhythm and homeostatic sleep drive, known as circadian 

misalignment, increasing sleep pressure (Knauth, 1996; Korompeli et al., 2014; 

Querstret et al., 2020; William & Friswell, 2003; Wright et al., 2012). This is a common 
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effect of work at night or during the early morning, something discussed in more detail 

later in this chapter.  

2.6.4. Sleep quality and disturbances 
For healthy and good quality sleep, previous research has recommended that the 

average sleep duration for adults be between seven and nine hours daily (Burgess & 

Eastman, 2006; Carskadon & Dement 2011; Caruso, 2013; Caruso, 2014; Caruso & 

Hitchcock, 2010; Hirshkowitz et al., 2015; Paruthi et al., 2016). Sleep quality is referred 

to as perceived deep sleep or self-satisfaction with all aspects of sleep (Edéll-

Gustafsson, 2002; Nelson et al., 2021), influenced by sleep duration, sleep efficiency, 

sleep deprivation, sleep onset latency (delayed sleep onset), sleep fragmentation – 

short repetitive arousals (Buysse et al., 1988; Chan, 2008; Owens & Matthews, 1998; 

Shrivastava et al., 2014; Smurra et al., 2001). These aspects of good quality sleep 

influence the timing and length of sleep, and subsequent sleep efficiency (ratio of total 

time spent in bed to total sleep time) (Desjardins et al., 2009; Reed & Sacco, 2016; 

Sahlin et al., 2009).  

2.6.5. Nurses’ sleep quality and disturbances 
Extensive research shows that nurses working night shift have been found to 

experience greater difficulties in initiating and maintaining sleep, otherwise known as 

sleep disturbances (Flo et al., 2013; Geiger-Brown et al., 2012; Niu et al., 2017; Seong 

et al., 2021; Sun et al., 2018); approximately 75% of the shift work population 

experienced disturbed sleep (Åkerstedt & Wright 2009; Williamson & Friswell, 2013). 

Sleep disturbances refer to disorders that restrict the initiation and maintenance of 

sleep, non-restorative sleep, early awakenings, and overall sleep dissatisfaction 

(Cormier, 1990; Linton et al., 2015). Sleep maintenance for nurses working night shift 

is interrupted by family members continuing with daily activities, and exposure to 

exogenous factors of light, noise and ambient temperature during the day (Costa 2016; 

Niu,et al, 2017, Silva-Costa et al., 2012; West et al., 2016). Egyptian and Greek nurses 

working nights, reported low to moderate sleep disturbance scores between 20.4 

(Saleh et al., 2018) and 21.9 (Korompeli et al., 2013) respectively, higher than Italian 

nurses’ scores of 18.6 and 14.4 (Costa et al., 2014; Ferri et al., 2016). Disruptions to 

the sleep-wake cycle have been linked to decreased sleep quality (Owens & 

Matthews, 1998; Shrivastava et al., 2001).  
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A body of research has shown that shift work, particularly characteristics of shift length, 

shift regularity, flexibility of shift systems, consecutive shifts, distribution of leisure 

time/days off, part-time/full-time work, timing of shifts, and shift rotation affect sleep 

quality, disturbances, and the degree of sleepiness experienced (Dall’Ora et al., 2016; 

Knauth, 1993; Knauth, 1996; Korompeli et al., 2013; Korompeli et al., 2014; Shao et 

al., 2010; Tucker & Folkard, 2012). When the total sleep duration is less than six hours, 

the cumulative sleep loss over consecutive days can result in sleep debt (Dorrian, 

Paterson, Dawson et al., 2011; Van Dongen et al., 2003). Sleep debt can lead to higher 

levels of sleep pressure and lowered circadian-regulated alertness, higher (daytime) 

sleepiness, and a dose-dependent drop in performance ability (Åkerstedt, 1988; 

Dement & Carskadon, 1982; Duffy et al., 2009; Zion et al., 2019). 

Although there are several ways in which shifts can be arranged, there is no optimal 

shift system design (Barton et al., 1995; Ferguson & Dawson, 2012; ILO, 2016; 

Knauth, 1993). This is because shift work arrangements have varying effects on 

workers’ sleep-wake behaviours, and daily and social activities (Knauth 1993; Knauth, 

1998; Korompeli et al., 2013; Korompeli et al., 2014; Sun et al., 2019). Since the 

circadian rhythm is naturally synchronised to the exogenous light-dark cycle (Aesbach 

et al., 1997; Borbély, 1982; & Borbély & Achermann, 1999; Crowly et al.,, 2007; Goel 

et al., 2013), night work (and any other shifts that require wakefulness during the 

biological night) requires workers to work when biologically inclined to sleep (Costa, 

2010; Folkard & Åkerstedt, 2004; Folkard, & Lombardi, 2006; ILO, 2019; Ljevak et al.,, 

2020; Paterson et al., 2014; Shiffer et al., 2018), and sleep during a period of circadian 

wake and alertness (Czeisler et al., 1980; Wickwire et al.,, 2017). It is this that can 

often lead the poor quality and insufficient sleep experienced by nurses and other 

occupations in which shift work is common.  

The above-mentioned aspects of shift work schedules affect sleep-wake behaviours 

in a variety of ways. How these shift characteristics affect sleep quality and 

disturbances is discussed below, particularly regarding extended shifts of 12 hours, 

shift rotation and night work. These shift characteristics are introduced and their effects 

on sleep-wake behaviour discussed. Relevant literature in the context of nursing is 

integrated as well.  
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2.7. SHIFT WORK CHARACTERISTICS 

2.7.1. Shift length 
The duration of shift work is dependent on the nature of work involved, for example 

workload, level of cognitive resources required to complete tasks, degree of monotony, 

and the number of available breaks for rest (Dorrian et al., 2011). Working hours can 

be divided into three or four hours in the case of part-time work but are often divided 

into daily 12- and 8-hour shifts, or even 16-hour shifts (Costa et al., 2021; Dall’Ora et 

al., 2016; Kecklund & Axelsson 2016; Rogers et al., 2004). Shifts beyond eight hours 

are considered as extended shifts and should only be scheduled if the workload and 

risks are appropriate (Knauth, 1993). In a review on typical shift lengths for European 

nurses, in Denmark shifts were eight hours, between 10 and 11 hours in Finland, and 

nine hours in Norway (Garde et al., 2019).  

Twelve-hour shift nurses, working both day and night shifts, struggle to sleep on duty 

days/nights (Geiger-Brown et al., 2012; Harris et al., 2015). James and colleagues 

(2020) found that day shift nurses report sleeping for 6.6 hours on average, similar to 

other studies where sleep duration was of 6.79 hours (Hirsch-Allen et al., 2014) and 

6.7 hours (Molzof et al. 2019). This is lower than sleep durations in other studies of 7 

hours (Wilson et al., 2019) and higher than one study of 5.8 hours on day shifts (Heath 

et al., 2019). In a study by Geiger-Brown and colleagues (2012), sleep duration of 

nurses working 12-hour day shifts ranged between 5.7 and 7.3 hours. Similarly, sleep 

directly after a night shift is shorter (Costa et al., 2014; Ferreira & De Martino, 2012; 

Shiffer et al., 2018). In a study by Geiger-Brown and colleagues (2012), Australian 

nurses working night shifts sleep for five and a half hours after the first shift, similar to 

the sleep duration of a group of American nurses sleeping for 5.65 hours between two 

shifts (Hirsch et al., 2014). In contrast, research on other groups of night shift nurses 

in other contexts shows that, on average, they receive seven hours of sleep (Dorrian 

et al., 2011; Heath, Dorrian & Coates, 2019; James et al., 2020; Molzof et al., 2019).  

Overtime in nursing is a common practice contributing to the overall length of shifts, 

with nurses often working overtime to complete managerial and administrative tasks 

(Rogers et al., 2004; Saville et al., 2020; Griffiths et al., 2014; Stimpfel et al., 2012). 

Together, extended shifts and overtime hours ultimately reduce the amount of time 

required for adequate rest and recovery post shift (Åkerstedt & Wright 2009; 
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Williamson & Friswell, 2013, Yun et al., 2021). This increases homeostatic sleep 

pressure, and subsequent sleep debt and sleepiness.  

2.7.2. Shift arrangements and regularity 
Shift systems can be scheduled to be fixed/permanent or rotating, with the same group 

of workers working at the same time every day, or at differing times (Costa et al., 2021; 

ILO 2004; Silva, Duarte, Torres & Costa, 2020). Shifts can be arranged to be 

continuous (operates 24 hours over the seven-day period with at least three teams), 

semi-continuous (operates 24 hours using three teams (3x8) with an interruption such 

as a weekend), and discontinuous (operates 24 hours using two teams (2x8) with a 

daily or weekend break) (Costa, 2016; ILO, 1987; Silva & Bastos, 2018; Van 

Amelsvoort et al., 2004). In nursing, semi-continuous shift systems are preferred as 

they allow for fewer shifts per week, fewer handovers, and possibly longer or more 

frequent days off (Costa et al., 2014; Griffiths et al., 2014; Sallinen & Kecklund, 2010; 

Wilson et al., 2019). 

Shift regularity is a further and important consideration when designing shift work. 

There are three types of shift systems: regular, irregular, and flexible shift systems 

(Sallinen & Kecklund, 2010). Regular shift systems have the same start and end times 

which allow for set rest periods and greater opportunities for rest (Gao et al., 2020), 

whereas irregular shift systems have differing start and end times resulting in 

unpredictable rest periods (Sallinen & Kecklund, 2010). Flexible shift systems allow 

shift workers to fix their own working schedules within certain boundaries (ILO, 1987) 

With greater control in flexible shift systems, there is a lower risk of sleep disturbances 

as shift workers are better able to adapt their circadian rhythm to their work schedules 

(Salo et al., 2014). Regular shift systems allow for adequate planning for recovery and 

daily activities (Zion et al., 2018).  Previous research, however, has shown that nurses 

working fixed nights do not receive the recommended seven hours of sleep (Caruso, 

2014), where Taiwanese and Australian nurses slept for five hours (Chung et al., 2011; 

Geiger-Brown et al., 2012), and Korean permanent night nurses slept for 6.5 hours on 

average (Min et al., 2021).  

2.7.3. Shift rotation 
Rotating shift systems can be arranged into two-shift (day and night) or three-shift 

(morning, afternoon, and night) systems (Costa et al., 2021; Kecklund & Axelsson 

2016; ILO, 2004; Sallinen & Kecklund, 2010) although 12-hour semi-continuous two-
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shift systems are predominantly used in healthcare (Costa et al., 2014; ILO, 2019; 

Griffiths et al., 2014; Makoweic-Dąbrowska et al., 2000; Sallinen & Kecklund, 2010; 

Sveinsdóttir, 2006; Wilson et al., 2019). Rotating shifts can be scheduled to rotate 

clockwise or counterclockwise (Sallinen & Kecklund, 2010; Tucker & Folkard, 2012), 

resulting in workers adjusting their activity and rest periods due to changes in the start 

and end times of shifts (Costa, 2003). Rotating shifts require shift workers to adjust 

daily activity and rest periods (Costa, 2003), further influencing daily physiological 

functions regulated by the endogenous biological clock (Costa, 2003). 

Previous research suggests that clockwise rotating can allow more time for sleep and 

recovery (Shiffer et al., 2018; Tucker et al., 2000), this rotation is associated with later 

sleep and wake times or a phase delay (Tucker & Folkard, 2012). On the other hand, 

counter-clockwise rotating systems may be associated with a reduced amount of time 

between the end of one shift and the start of the next shift and thus compress work 

weeks (Knuath & Hornberger, 2003), leading to earlier sleep and wake times (phase 

advance) (Tucker & Folkard, 2012). This is referred to as the ‘quick return” and is 

characterised by a short interval between the end of one shift and the start of the next 

shift (Costa et al., 2014; Dahlgran et al., 2016; Kecklund & Axelsson, 2016; Knuath & 

Hornberger, 2003; Tucker & Folkard 2012; Vedaa et al., 2015). Quick returns result in 

restricted time for sleep, and subsequently have been linked to insomnia, excessive 

sleepiness, and fatigue (Eldevik et al., 2013). This was observed in a study by Shiffer 

et al. (2018) where nurses on a clockwise rotation (afternoon, morning, night) slept for 

10.36 hours, and 4.98 hours in a counterclockwise rotation (afternoon, morning, 

morning, night), both before a night shift. Similarly, in the same study, nurses slept for 

4.98 h (clockwise) and 4.1h (counterclockwise) after a night shift. 

Looking at clockwise shift rotations, in a study by Hirsch-Allen and colleagues (2014), 

nurses slept for 8.47 hours from day to night shifts, 2.5 hours more than in one study 

going from evening to night shifts (Min et al., 2021), and three hours more than another 

study going from afternoon to night shifts (Shiffer et al., 2018). The sleep duration of 

nurses (4.98h) in a clockwise rotation found by Shiffer and colleagues (2018) of 4.98h, 

was similar to the sleep duration found from night shift to a day off of 4.84h found by 

Hirsch-Allen and colleagues (2014). 
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In counterclockwise shift systems, one study (Min et al., 2021) found that nurses 

reported sleeping for 6.8 hours from evening to day shifts, higher than the findings of 

Shiffer and colleagues (2018) where nurses slept for 5.02 hours between morning and 

night shifts. In another study, Korean rotating shift nurses slept for 6.8 hours from 

evening to day shifts. In another study by Shiffer and colleagues (2018) on Italian 

nurses working both rapid clockwise and counterclockwise rotations, nurses in the 

clockwise rotating slept on average for 7.40 sleeping for 4.98 hours after a night shift. 

In the same study (Shiffer et al., 2018), nurses in the counterclockwise rotating slept 

on average for 6.09 hours, sleeping for 4.1 hours after a night shift.  

Due to inadequate time for rest, especially observed in counterclockwise rotations, 

nurses working rotating nights tend to feel sleepier and less rested before the start of 

their shifts (Geiger-Brown et al., 2012; Shiffer et al., 2018). In a study on night workers, 

including nurses, this has been attributed to rotating shift nurses having more 

challenges maintaining sleep than permanent night shift nurses but less challenges of 

sleep maintenance than day shift nurses (Karhula et al., 2018). As a possible reason, 

some studies suggest that rotating nurses exhibit elevated cortisol levels due to 

continuous circadian stress - inability to promptly adjust to day shift and night shift 

work making it difficult to initiate and maintain sleep (Korompeli et al., 2014; Niu et al., 

2015; Rosa et al., 2019). Additionally, rotating nurses’ self-reported sleep has also 

been attributed to higher levels of stress and mental strain (Edéll-Gustafsson, 2002). 

With the challenges associated with shift rotation and sleep wake-behaviours 

discussed above, it is recommended that a rapid and forward rotatin is favoured over 

backward and slowly rotating shift (Ferguson & Dawson, 2012; Knauth, 1993; Knauth, 

1996; Knauth & Hornberger 2003, Lerman et al., 2012, Sallinen & Kecklund, 2010) 

2.7.4. Consecutive shifts 
A number of reviews have suggested that the number of days worked consecutively 

should be between five and seven days to maintain performance and safety (Knauth, 

1993; Knauth, 1998; Knauth & Hornberger, 2003), and that no more than two to three 

consecutive shifts should be worked (Chen et al., 2014; Costa et al., 2021). This is 

attributed to the fact that nurses working consecutive shifts are receiving too little sleep 

(less than 7 hours) irrespective of the shift that they work (Geiger-Brown et al., 2012; 

Halter & Sahu, 2015). Nurses in a study by Halter and Sahu (2015) in a rotating three-

shift system slept on average for 6.06 (morning), 6.51 (afternoon), and 4.98 hours 
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(night) on the last shift. Like studies looking at 12-hour two-shift systems, nurses’ sleep 

decreased from 5.5 hours to 5.1 hours from the second to third consecutive night shift 

(Geiger Brown et al., 2012), and from approximately 7.5 to 5.18 hours between the 

third and fourth consecutive day shifts (Rhéaume and Mullen, 2018). Rhéaume and 

Mullen (2017) found a 20% decrease in sleep duration between the first and fourth 

consecutive day shifts, contrary to Geiger-Brown and colleagues (2012) where sleep 

duration increased from 5.7 to 7.3 hours from the first to third consecutive 12-hour day 

shift. In a study by Hirsch-Allen and colleagues, in comparison with the previous two 

studies, the sleep duration (6.79 hours) was higher between two consecutive day shifts 

and similar between two consecutive night shifts (5.68 hours).  

Studies have shown that cumulative sleep loss of four to six hours over consecutive 

days, also referred to as sleep debt, requires nurses to sleep longer when there is 

more time available for sleep, for example, on days off, where nurses “catch up on 

sleep” (Dorrian et al., 2011; Overeem et al., 2007; Wilson et al., 2019). In a study on 

American nurses, regardless of the shift work, nurses were sleeping for eight hours, 

almost two hours more on off days than on duty days (James et al., 2020).  

In contrast, it has been argued that more consecutive night shifts allow for the 

entrainment of the circadian rhythm to night work, leading to better quality sleep 

(Bjovatn et al., 2006), where those working night shift need at least four consecutive 

shifts to adjust their circadian rhythms (Niu et al., 2015). In another study, there were 

no differences in sleep duration and quality found with the different number of 

consecutive night shifts worked (Garde et al., 2020). In a review of European nurses, 

more Norwegian nurses worked five consecutive night shifts compared with nurses 

from Denmark and Finland (Garde et al., 2019). In a study on Korean nurses, 

permanent night nurses worked two to four consecutive night shifts followed by two or 

more days off and typically slept for six and a half hours (Seong et al., 2021). 

2.7.5. Distribution of leisure and recovery time 
Time off between two consecutive shifts is important for overall recovery and social 

and family obligations (Knauth, 1993). Previous research has found that nurses 

working night shifts were sleeping five hours on duty days, where day shift nurses are 

more likely to sleep longer (>seven hours) on days off. Differences in sleep obtained 

on duty days and days off has commonly been observed for various reasons (Dorrian 
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et al., 2011; Harris et al., 2015; James et al., 2020; Madide 2003). One reason is that 

twelve-hour shifts (the extended shift) results in extended periods of wake and 

shortened periods of recovery post shift (Knauth, 2007). Rest periods less than 11 

hours, for example eight hours, do not allow enough time between shifts for daily 

activities such as commuting, domestic chores, and caring for dependents, which 

ultimately decrease the time available between for sleep (Costa, 2010; Haltar & Sahu, 

2015; Knauth, 1998). In a review by Rosa and colleagues (2019), it was highlighted 

that nurses working night shifts often wake up earlier, for example at 13h00, to 

consume a meal, or to spend time with family, further shortening nurses’ sleep. In a 

review by Vedaa and Colleagues (2015), and like other studies (Costa et al., 2014), 

quick returns of 10 hours or less are associated with shorter sleep durations and more 

difficulties in initiating and maintaining sleep (Knauth, 1998). 

Therefore, it is recommended that rest period are no less than 11 hours per 24 hours 

(Ferguson & Dawson, 2012; Knauth, 1993; Knauth, 1996; Knauth, 1998; Knauth & 

Hornberger 2003, Lerman et al., 2012, Sallinen & Kecklund, 2010). Furthermore, due 

to various responsibilities that nurses have post-shift, it has been suggested that 

nurses require 16 hours of leisure time in order to achieve the recommended seven to 

eight hours of sleep (Kurumatani et al., 1994, as cited in Haluza, Schmidt, & Blasche, 

2018). 

2.7.6. Shift timing 
The timing of shifts informs the start and end times for shifts to follow in rotating shift 

systems, as well as how much sleep can be obtained pre- and post-shift (Kecklund & 

Åkerstedt, 1995). In nursing, common shift times for morning/day shifts start between 

06h00 and 08h00 and end between 14h00 and 19h00 (Chung et al., 2011; Costa et 

al., 2014; Ganesan et al., 2019; Garde et al., 2019; Lin et al., 2022). In some countries, 

night shifts for nurses may start between 21h00 and 03h00 (Chung et al., 2011; Costa 

et al., 2014; Karhula et al., 2018; Lin, et al., 2022; Shiffer et al., 2018), ending between 

06h00 and 09h00 (Chung et al., 2011; Costa et al., 2014; Shiffer et al., 2018). In a 

review of European nurses (Garde et al., 2019), and in studies on hospital nurses in 

America (James et al., 2021; Petrov et al., 2014; Rogers et al., 2004; Wilson et al., 

2019), nurses working 12-hours start their day shifts and end their night shifts at 

07h00. According to the Basic Employment Conditions Act (1997), night work in South 

Africa falls between 18h00 and 06h00, where hospital nursing shifts often start at 
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19h00 and end at 07h00 (Petrov et al., 2014; Rogers et al., 2004; Wilson et al., 2019), 

opposite to the start and end times of day shift nurses (James et al., 2021; Wilson et 

al., 2019). 

Although not in the context of nursing, later start times to shift from 06h00 to 07h00 

have been found to improve sleep length and quality, and reduce sleepiness on shift 

(Rosa et al., 1996), as this allows for an increase in sleep duration per time delay (for 

example shifts starting one hour earlier means sleeping for one more hour) (Costa, 

2010). Knauth (1993) recommended that an early start to a morning shift should be 

avoided as it reduces the amount of time available for sleep prior to the duty period 

This is because early starts to morning shifts require workers to wake up earlier (Costa, 

2010). With early starts that shifts, nurses to wake up earlier and sleep later to account 

for travel time, directly influencing the amount of time available for sleep (Halter & 

Sahu, 2015). Moreover, early wake times between 04h00 and 05h00 leads to 

increased sleepiness on duty for the day (Costa, 2010). On the other hand, later start 

time of morning shifts, means a later start time to night shifts and subsequent later 

onset times for sleep (Rosa et al., 1996). A later end-time for night shifts, however, 

makes sleeping post shift difficult due to high levels of circadian-driven alertness levels 

in the day (Rosa et al., 1996; Wickwire et al., 2017), with nurses naturally secreting 

higher levels of cortisol at the end of a night shift in the presence of light stimulus 

(Copertaro et al., 2011; Faraut et al., 2022).Taking into consideration the evidence 

presented above, it is therefore recommended that early morning shift do not start 

earlier than 06h00, and that night shifts do not start after 23h00 (Ferguson & Dawson, 

2012; Knauth, 1993; Knauth, 1996; Knauth & Hornberger 2003, Lerman et al., 2012, 

Sallinen & Kecklund, 2010). 

The above literature shows that there is no optimal way in which shifts can be 

arranged. Shifts that are arranged that promote the disruption of the natural circadian 

rhythms have various effects on sleep, alertness, and fatigue, thus shift systems that 

minimise circadian disruption are ideal. It is therefore imperative that employers follow 

guidelines and recommendations to limit the negative effects of shift work on sleep-

wake behaviours. Together, shift work’s contribution to the disruption sleep-wake 

behaviours, sleep disturbances and sleep quality left unattended are associated with 

greater levels of sleepiness and fatigue (Costa, 2010; Korompeli et al., 2013). While 
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sleepiness and fatigue are inter-related and often used interchangeably (Shen et al., 

2006), fatigue is a separate concept also affected by shift work, discussed below.. 

2.8. UNDERSTANDING THE EFFECTS OF SHIFT WORK: FATIGUE 
There is no clear, universal definition of fatigue due to its multi-faceted nature; 

however, fatigue can be identified as an unpleasant state of weariness, tiredness 

and/or exhaustion, and reduced motivation and energy in response to excessive 

demands, high workloads, increased stress exceeding the body’s threshold, 

interfering with one’s physical and/or mental resources and capacity to complete tasks, 

and ultimately performance (Aaronson et al., 1999; Berger et al., 1991; Chen et al., 

2014; Han et al., 2014; Lee et al., 1991; Lerman et al., 2012; Ream & Richardson, 

1997; Rogers, 2008; Samaha et al., 2017). Occupational fatigue is described as a 

multifaceted general feeling of exhaustion exacerbated by high working demands in 

the absence of adequate recovery (Farag et al., 2022).  

The common symptoms of fatigue that have been identified are excessive sleepiness, 

irritability, headaches, fidgeting and inability to concentrate, and slower reflexes 

(Caldwell et al., 2019; Gander et al., 2019; Silva et al., 2010). If acute in nature, fatigue 

can be alleviated through adequate sedentary rest/sleep, appropriate diet, and 

exercise (Aaronson et al., 1999; Åkerstedt & Wright, 2009; Barker & Nussbaum, 2011; 

Caldwell et al., 2019; Gander et al., 2019; Gifkins et al., 2020; Smith-Miller et al., 2014; 

Techera et al., 2016). However, if adequate rest cannot be achieved, acute fatigue 

can develop into chronic fatigue which is not typically alleviated through rest (Aaronson 

et al., 1999; Åkerstedt & Wright, 2009; Caldwell et al., 2019; Gander et al., 2019; 

Gifkins et al., 2020; Smith-Miller et al., 2014; Techera et al., 2016).  

Occupational fatigue is described as a multifaceted general feeling of exhaustion 

exacerbated by high working demands in the absence of adequate recovery (Farag et 

al., 2022). Some studies that have used the Standard Shiftwork Index indicate that 

nurses working 12-hour shifts experience moderate chronic fatigue, with scores 

between 25 (Ruggerio, 2003; Korompeli et al., 2014) and 27 (McElroy et al., 2020). In 

other contexts, nurses in other contexts working permanent night shifts experience 

higher chronic fatigue with scores of 30 (McElroy et al., 2020) to 32 (Saleh et al., 2018) 

compared with day shift nurses’ scores of 24 (Ferri et al., 2016; McElroy et al., 2020) 

and rotating shift nurses working nights with scores of 26 (Ferri et al., 2016) to 33 
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(Saleh et al., 2018). A review of studies investigating acute and chronic fatigue and 

inter-shift recovery using the Occupational Fatigue Exhaustion Recovery Scale 

(OFER) (Gifkins et al., 2020), show that nurses experience higher acute fatigue than 

chronic fatigue, with night shift nurses experiencing worse inter-shift fatigue (Geiger-

Brown et al., 2012). 

Increased duration of shifts extending the wake period increases the risk of errors for 

nurses, and increased fatigue-related errors and impaired concentration, as well as 

work-related accidents and injuries (Dembe et al., 2009, Geiger-Brown et al., 2012). 

Night shift nurses are at a higher risk of incident and errors as their attention and 

alertness levels decrease considerably towards the end of a night shift, affecting 

reaction time and performance lapses (Geiger-Brown et al., 2012; Seong et al., 2021; 

Wilson et al., 2019). Long shifts also have been found to increase the experience of 

stress which can further interfere with memory, attention, and the ability to perform 

complex cognitive tasks (Dembe et al., 2009). In healthcare, workplace safety 

incidents are administrative, procedural, charting, transcription, and medication errors 

as well as associated higher incidences of sleep loss-related motor-vehicle accidents 

whilst commuting (Dembe et al., 2009; Gold et al., 1992; Smith Miller et al., 2014). 

Motorcar accidents (after work hours) and job-related injuries are positively correlated 

with long shift hours and types of shift schedules (Dembe et al., 2009). Shift work 

affecting sleep resulted in struggling to stay awake, exhaustion, and extreme 

drowsiness resulting in seven near-accidents within one month (Smith-Miller et al., 

2014); where drowsiness is highest after a third consecutive night shift (Martyn et al., 

2021). Another effect of sleep disturbances and fatigue because of shift work is the 

increased risk of needlestick incidences among nurses (Bagheri Hosseinebadi et al., 

2017; Imes et al., 2023; Trinkoff et al., 2007), which threatens the lives of nurses 

through hospital acquired infections.  

Research into the mechanisms of fatigue have highlighted that considering sleep as 

the sole contributor to fatigue overlooks various predisposing, precipitating and 

perpetuating factors such as anxiety, depression, physical fitness and activity, 

substance abuse, noise and lighting, working environment, and job demands/workload 

and control (Caldwell et al., 2019), which are also contributing factors to sleep-wake 

behaviours (Chaput et al., 2018; Goel et al., 2013).  
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Together, shift work affecting sleep and subsequent feelings of fatigue have a variety 

of implications for safety and wellbeing of nurses.  While fatigue-related performance 

decrements have implications for the nursing process, health implications may further 

exacerbate negative experiences of chronic sleep loss and circadian misalignment 

associated with shift work (Rogers, 2008; Techera et al., 2016). How shift work affects 

health is briefly discussed below.  

2.9. SHIFT WORK AND HEALTH 
Shift work-related effects on sleep-wake behaviours and fatigue have been linked to 

disorders of metabolism, changes in hormone secretions and immune system 

functions (Chaput et al., 2020; Grieger-Brown et al., 2012; Sun et al., 2019). Increased 

and excessive secretion of cortisol as a consequence of circadian stress (as previously 

explained) leads to fat and insulin disorders, further affecting visceral health of nurses 

(Korompeli et al., 2014; Niu et al., 2015; Rosa et al., 2019). 

Some studies have highlighted an association between night shift work (and 

associated circadian stress) and increased risk of developing gastrointestinal issues 

of heartburn, abdominal pain (Caruso et al., 2004; Harringon, 2001; Knuttson & 

Bøggild, 2010), and obesity (Buchvold et al., 2015; Hirotsu et al., 2015). Nurses 

working permanent night shifts are at a higher risk of developing cardiovascular 

disorders than day shift nurses (Chung et al., 2009); where working more than two 

consecutive shifts have shown elevated heart rates/physiological stress (Chen et al., 

2014). Some cardiovascular disorders include hypertension, dyslipidaemia (Burdelak 

et al., 2012; Kawachi et al., 1995; Mosendane et al., 2008) where the risk of heart 

palpitations are four to 10 times greater in nurses receiving poor quality sleep (Edéll-

Gustafson, 2002).  

Reports have shown shift work and alterations to the sleep-wake cycle affects 

reproductive function (Rosa et al., 2019; Nurminen, 1998; Yuan et al., 2011). Nurses 

under the age of 40 years-old working shifts have reported irregularities in menstrual 

cycles and an increased risk of adverse pregnancy outcomes (Rosa et al., 2019; Yuan 

et al., 2011). With the changes in various physiological and endocrine functions 

associated with circadian misalignment, shift work and night work are also associated 

with certain cancers (Harrington, 2001, Papantoniou et al., 2015). Apart from these 

pathological associations mentioned above, some studies have also found a 
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relationship between shift work and musculoskeletal disorders of the neck, shoulder 

and back, because of the physical demands of nurses and limited time for recovery 

between shifts (Trinkoff et al., 2006; Zhang et al., 2018). 

As stated before, there is no optimal shift system design and each system has varying 

effects on health, performance and well-being. Variations in the effects of shift work, 

however, are also dependent on inter-individual variability among workers. Mediating 

factors such as work experience, age, gender, chronotype, lifestyle need to be taken 

into careful consideration when understanding and managing the effects of shift 

systems (Costa et al., 2014; Knauth 1993). 

2.10. MEDIATORS OF SHIFT WORK 

2.10.1. Shift work experience 
It has been suggested that years of service or shift work experience is a mediating 

factor to changes in sleep-wake behaviours and fatigue (Chung et al., 2007) where 

nurses who have worked less than one-year experience disturbances to their sleep 

and those who have worked shifts for more than five years are able to tolerate shifts 

better. In contrast, it has been found that nurses who have worked for more than 18 

years have greater disturbances to their sleep on night shifts and days off than those 

who have worked for less than 10 years (Korompeli et al., 2013), while experience of 

shift work had no difference at all (Saksvik-Lehouillier et al., 2012). In contrast, a lack 

of change in sleep-wake behaviours among night shift nurses has been observed and 

attributed to shift work tolerance and choosing to work night shift (Barton, 1994), and 

the ability to develop various behaviours and skills to deal with the complexity and 

workload of working shifts over time (Åkerstedt & Wright 2009; Korompeli et al., 2014; 

Zion et al., 2018).  

2.10.2. Age 
Previous research on sleep quality among nurses suggests that sleep quality 

decreases from the age of 30 years (Hajaghazadeh et al., 2019; Marquié & Foret, 

1999; Saksvik et al., 2011), where senior nurses experience less sleepiness on night 

shift (Zion et al., 2018). Contrastingly some studies found no changes in the quality 

and duration of sleep in older nurses, suggesting that sleep quality did not diminish 

with age among female nurses (Chung et al., 2007; Kunzweiler et al., 2016; Zion et 

al., 2018). Older shift workers have been found to adapt better to rapidly forward 
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rotating shift systems compared with their younger counterparts (Saksvik et al., 2011), 

while younger adults tend to experience greater sleepiness than older healthy adults 

(Dorrian et al., 2011; Duffy et al., 2009). Older shift workers have been found to be 

able to maintain performance better after sleep deprivation (Duffy et al., 2009). This 

has been explained through older adults requiring less sleep than younger adults for 

daily functioning (Duffy et al., 2009, Hirshkowitz et al., 2015; Paruthi et al., 2016). The 

“healthy shift worker effect” might explain the tolerance to shift work in the older and 

more experienced workers (Saksvik et al., 2011). 

2.10.3. Gender 
The nursing profession is predominantly staffed with women who often have greater 

domestic and social responsibilities, such as caring for children and elder dependents 

(Carayon & Gurses, 2008; Johnson et al., 2014; Han et al., 2014; Korompeli et al., 

2013; Korompeli et al., 2014; Palhares et al., 2014; Winwood et al., 2006). Studies 

show that dealing with the combination of the work and domestic environments are 

stressful for female nurses, especially when having to work shifts and care for 

dependents (Klopper et al., 2012; Korompeli et al., 2013; Shiffer et al., 2018; Wilson, 

2002). It is suggested that female nurses in comparison with their male counterparts 

experience greater sleep disturbances (Åkerstedt et al., 2002; Korompeli et al., 2013; 

Korompeli et al., 2014; Marquié, & Foret, 1999, Saksvik et al., 2011), with 

approximately a third of female nurses experiencing poorer sleep quality, greater sleep 

onset latency and shorter sleep duration (Kunzweiler et al., 2016; Saksvik et al., 2011). 

Kunzweiler and colleagues (2016) however found no significant differences in the 

sleep quality related to gender differences. It has been suggested that nurses who are 

married or living with a partner experience greater sleep disturbances and poorer 

sleep quality (Haldar & Sahu, 2015; Korompeli et al., 2013; Korompeli et al., 2014; 

Marquié, & Foret, 1999), especially nurses with chronic diseases (Korompeli et al., 

2014). Greater sleep disturbances observed amongst female nurses have also been 

associated with disturbed menstrual and reproductive processes (Chung et al., 2013; 

López-Soto et al., 2019). 

2.10.4.  Chronotype 
Chronotype, or morningness-eveningness preference, is the phenotypic expression of 

the circadian phases (Goel et al., 2013) and has become one of the most important 

factors to consider when scheduling shift work and predicting shift-related sleep-wake 
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behaviours (Chung et al., 2007; James et al., 2020; Rathore et al., 2012). When there 

is a mismatch between individual chronotype and the shift that is worked, this is 

referred to “social jetlag” (Argent et al., 2015; Wittmann et al., 2006). 

Research suggests that chronotype differs between gender, and changes with age 

(Carrier et al., 1997; Hittle & Gillespie, 2018). Studies using the Morningness-

Eveningness Questionnaire (MEQ) and other subjective activity preference 

questionnaires suggest that children present as morning types, having earlier sleep 

and wake times, showing a phase delay in adolescents and young adults towards 

evening preference of later sleep and wake times (Carskadon et al., 1993; Fischer et 

al., 2017; Lee et al., 2011), and reverting back to morning type as one gets older due 

to hormonal and lifestyle factors (Carrier et al., 1997; Fischer et al., 2017; Lee et al., 

2011).  

Previous research has found that nurses tend to be an intermediate chronotype 

(Hajaghazadeh et al., 2019; Hittle & Gillespie, 2018; Saleh et al., 2018), and that 

nurses with an evening preference tend to choose to work permanent night shifts 

(Karhula et al., 2018). In addition, those who present as morning types tend to have 

more household dependents that need looking after, for example children or the 

elderly (López-Soto et al., 2019). In a review by López-Soto and colleagues (2019), 

morningness was associated with less daytime sleepiness and better sleep quality 

among nurses. Evening types are said to tolerate the effects of night shifts better than 

other chronotypes by having a greater propensity for adaption (Papatoniou et al., 

2015; Saksvik et al., 2011). In contrast, some studies found that evening types 

experience greater daytime sleepiness and poorer sleep quality, associated with 

higher feelings of fatigue, (Hajaghazadeh et al., 2019; Jung & Lee, 2015, Yazdi et al., 

2014). When age is accounted for, older morning-types and younger evening-types 

were found to experience greater sleepiness on night shifts (Zion et al., 2018). 

2.10.5. Lifestyle factors 
2.10.5.1. Work-life balance 

A significant challenge faced by shift workers is balancing the demands between home 

and work. Previous research has highlighted that females who choose to work night 

shifts are able to plan and match their schedules with their domestic responsibilities 

and children’s activities, resulting in less sleepiness and good sleep quality (Zion et 
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al., 2018), while one study found no differences in sleep quality in female nurses with 

or without children (Edéll-Gustafsson, 2002). Another aspect of work-life balance is 

travelling to and from work. Nurses who have longer commuting times tend to wake 

up earlier and sleep later, directly influencing the amount of time available for sleep 

(Haldar & Sahu, 2015).  

In a study by West and colleagues (2016), nurses expressed that working night shifts 

enables them to reduce the costs associated with childcare by relying on spouses to 

care for children at night and being able to care for dependents during the day. Some 

studies argue that younger shift workers in healthcare often have fewer children and 

associated responsibilities contributing to their overall recovery and complain less of 

sleep disturbances attributed to higher shift work tolerance (Korsiak et al., 2017; 

Saksvik et al., 2011). In contrast, nurses working nights complain about missing out 

on social and home life, often leading to conflict (West et al., 2016). In some cases, 

younger nurses and nurses who are not married are less likely to have to take care of 

dependents (Geiger-Brown, et al., 2012) and thus have a greater tolerance to shift 

work and less disturbances to their sleep (Korsiak et al., 2017; Saksvik et al., 2011). 

Research into changes in sleep-wake behaviours have identified certain substances 

used by shift workers (Dorrian et al., 2011; Dorrian et al., 2017). Alcohol and sleeping 

aids/hypnotics have been used to initiate and maintain sleep (Dorrian et al., 2017; Sun 

et al., 2019). Coping mechanisms such as alcohol and hypnotics seem to be used less 

among older and more experienced shift workers (Agostini et al., 2022). 

2.10.5.2. Alcohol consumption 

In some instance, alcohol has been used to induce sleep in shift workers (Dorrian et 

al., 2017; Sun et al., 2019), with one in three nurses consuming alcohol to aid sleep 

onset, and alcohol consumption is greater among younger workers and males (Dorrian 

et al., 2011; Dorrian et al., 2017). In one study, those working 12-hour rotating shifts 

tended to consume alcohol more than those working 8-hour rotating shifts (Dorrian et 

al., 2017). While alcohol consumption may induce sleep, it negatively affects sleep 

quality and quality (Dorrian et al., 2017) however in one study, there were no significant 

differences between sleep history and alcohol consumption (Hittle et al., 2020). In 

another study, alcohol consumption to induce sleep impaired attention and 

performance on the following day among nurses (Sun et al., 2019). 
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2.10.5.3. Sleeping pills 

Nurses, more so night shift nurses, have been found to use sleeping aids or hypnotics 

more on duty days than on off-duty days, especially after consecutive shifts (Dorrian 

et al., 2011; Futema et al., 2015; Martyn et al., 2021). Nurses often takemore than one 

type of sleeping pill in order to fall asleep (Futema et al., 2015). The use of sleeping 

pills has been associated with a lower quality of life and greater feelings of depression 

(Martyn et al., 2021).  

2.11. SUMMARY AND STUDY RATIONALE 
The impact of shift work sleep-wake behaviours and fatigue in the context of nursing 

have been extensively explored, with greater concerns around extended shifts, night 

work, and rotating shift schedules being clearly outlined in previous literature as a risk 

to patient and staff safety and wellbeing. While shift work has a direct impact on sleep 

and fatigue, there are also individual factors that have an indirect or mediating effect. 

Although there are policies in place to limit the number of hours and consecutive shifts 

worked, and to allow for rest periods between shifts, the impact of shift systems on 

sleep-wake behaviours and fatigue among nurses in South Africa is poorly 

understood, if at all among nurses in private healthcare. Since the length of shifts are 

typically 12-hours compared with other private healthcare sectors globally, little is 

known about how shift arrangements are scheduled in private healthcare facilities. 

Furthermore, to the researcher’s knowledge, based on meetings with the 

stakeholders, the rotating shift system is not scheduled like a typical 2/3 shift system. 

It is therefore important to consider the shift systems worked by nurses in the private 

South African Healthcare system, and to determine the severity of shift-work related 

changes in sleep, using the Standard Shiftwork Index.  
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CHAPTER III: 
METHODOLOGY 

3.1. RESEARCH DESIGN 
This study adopted a cross-sectional survey design, using a positivist paradigm and 

quantitative approach (Terreblanche et al., 2006), to characterise the shift system and 

shift scheduling characteristics adopted in three health care facilities and the 

subsequent impact of these shift characteristics on nurses’ perceptions regarding the 

shift arrangements and reported sleep/wake behaviours and self-reported fatigue. The 

study was comprised of two phases. Phase one was a pilot and phase two was the 

main data collection explained in more detail below. 

3.2. DATA COLLECTION INSTRUMENT 

3.2.1. Overview of Standard Shiftwork Index 
This study made use of the Standard Shiftwork Index (SSI), which is a battery of self-

reported questionnaires to assess shift-work related problems on the premise that shift 

workers experiences disturbances in sleep and biological rhythms, and family and 

social life (Barton et al., 1995; Korompeli et al., 2013). The SSI was developed to 

measure the extent to which different shift systems affect large groups of shift workers, 

namely nurses, midwives, and industrial and service workers (Barton et al., 1995). The 

questionnaire is separated into three broad categories: outcomes, modifiers, and 

general information. Outcomes relate to problems experienced by shift workers, 

modifiers relate to differences between shift workers that might moderate the impact 

of shift work, and general information refers to worker shift systems, work contexts 

and biographical information (Barton et al., 1995). The full SSI explores the effects of 

shift work on sleep characteristics, feelings of fatigue, general physical and mental 

health, family and social life, personality and neuroticism, job satisfaction, and coping 

methods (Barton et al., 1995). The full SSI is extensive and consists of six sections of 

roughly 200 items. For completeness, these sections are summarised below. The full 

SSI can be accessed on the Working Time Society’s website, 

http://www.workingtime.org/technical. 

Section 1 - “Your General Biographical Information” includes questions regarding age, 

gender, domestic life and experience of shifts (Barton et al., 1995).  

http://www.workingtime.org/technical


38 
 

Section 2: “Your Sleep and Fatigue” consists of the Sleep Quality and Disturbance 

Questionnaire and Chronic Fatigue Scale (Barton et al., 1995).  

Section 3 - “Your Health and Well-being” consists of the Physical Health and General 

Health Questionnaires, the Cognitive-Somatic Anxiety Questionnaire, Eysenck 

Personality Questionnaire (Barton et al., 1995).  

Section 4 – “Your Social and Domestic Situation” interrogates disruptions to social and 

domestic life due to working shifts through the Social and Domestic Survey (Barton et 

al., 1995).  

Section 5 – “Coping with Shiftwork” Questionnaire gathers information around how 

shift workers cope with shift work (Barton et al., 1995). This questionnaire consists of 

two sub-scales of four items each: engagement and disengagement where coping 

strategies for disruption to sleep, social and domestic life, and work are rated on a 

Likert scale (Barton et al., 1995).  

Section 6 – “The Type of Person you are” explores differences in individual differences 

and personality factors that may influence or moderate the effects of shift work (Barton 

et al., 1995). This section includes the Composite Morningness Questionnaire which 

provides insights into the preferences, in terms of time of day, for daily activities 

(morning or evening). The scale is scored on a Likert scale where a higher score 

indicates morning preferences while lower scores are indicative of evening 

preferences (Barton et al., 1995). The Circadian Type Inventory is used to identify 

flexibility of sleeping habits and the ability to overcome drowsiness scored on a Likert 

scale (where higher scores indicate greater flexibility and languidity) (Barton et al., 

1995). Lastly, the Eysenck Personality Inventory included in section six measures the 

degree of extraversion on a Likert-scale, where a higher score indicates greater 

extraversion (Barton et al., 1995). Tucker and Knowles (2008) argued that the different 

sections of the SSI can be used independently (Ferri, Guadi, Marcheselli, Balduzzi, 

Magani, & Di Lorenzo, 2016). 

In this study, only three sections of the SSI were used to fulfil the aims and objectives 

of determining the impact of shift work on sleep-wake behaviours and fatigue, which 

can be found in the google form: https://docs.google.com/forms/ 

d/1_QfJbPdUA7JNobnC42uI3xVzfzivkzmkpKr6fYT7M-U/edit. The first section was 

https://docs.google.com/forms/d/1_QfJbPdUA7JNobnC42uI3xVzfzivkzmkpKr6fYT7M-U/edit
https://docs.google.com/forms/d/1_QfJbPdUA7JNobnC42uI3xVzfzivkzmkpKr6fYT7M-U/edit
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split into two sections separating the biographical information and shift details. The 

sections of the SSI that were included in this study were as follows (appendix D & E). 

 

3.2.2. Section 1: Your general biographical information 
This section was designed to explore general information on how individuals’ 

circumstances moderate the impact of shift work. Nurses were required to answer 

questions pertaining to their age, gender, experience in the profession and experience 

of shift work, and domestic situation – questions relating to their spouse/partner and 

their working time, number of persons in a household and household dependents that 

need looking after, overtime hours, moonlighting and career breaks (Barton et al., 

1995). Nurses reported on the sequencing, timing, and duration of shifts, the frequency 

and organisation of night work, the regularity of shift schedules, and the degree of 

flexibility within the shift system. This section characterised the nurses’ domestic 

situation and their shift systems. 

3.2.3. Section 2: Your shift details 
This section was designed to explore and contextualise the shift system. Nurses were 

required to answer questions pertaining to shift characteristics of the sequencing, 

timing, and duration of shift (start and end times), and how the shifts are arranged 

(successive shifts, maximum number of shifts, successive days off, what other shift 

follows the shift the nurses work, night shift organisation, weekends off per 28 days). 

Nurses also answered questions pertaining to control over the shift system and the 

start and end times of shifts, and rostering. Included in this section were questions 

around commuting times, mode of transport to the various shifts, physical and mental 

workload, as well as time pressure and emotional stress, reasons for working shifts as 

well as the advantages and disadvantages of the nurses’ shift system.  

3.2.4. Section 3: Your sleep 

3.2.4.1. Sleep quality and disturbance 

Section 3 of the SSI explored how shift work impacts on nurses’ sleep and fatigue. 

Sleep disturbance was measured using the Sleep Quality and Disturbance 

Questionnaire (Barton et al., 1995). This scale has two parts consisting of 11 items 

scored on a Likert scale. The first section includes timing and duration of sleep taken 

before and between different shifts and days off; and the timing and frequency of naps 
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on different shift and days off (Barton et al., 1995). The second section explored 

information regarding the quality and difficulties of sleep experienced on different shifts 

and days off. In accordance with the original SSI document and the SSI Manual, items 

2.1-2.3 and 2.11 are coded appropriately, 2.4 – 2.6 are reverse coded, and 2.9-2.10 

are coded independently and do not form part of the scale. For a total sleep 

disturbance score, all responses are added together, where a higher score indicates 

higher sleep disturbances with a total score of 120. A sleep disturbance score per shift 

type is summed separately per shift, where a higher score indicates greater sleep 

disturbances, with a total score of 30 per shift/days off (Barton et al., 1995). 

3.2.4.2. Chronic fatigue 
Chronic fatigue was measured using the Standard Shiftwork Index Chronic Fatigue 

scale (SSICFS). This scale consists of 10 items regarding feelings of vigour, energy, 

and tiredness and/ or lack of energy and an optional comment section (Barton et al., 

1995). With reference to the original SSI document, items a, c, e, g, I are reverse 

coded. All Likert-scale responses are summed to give one total score. Possible scores 

range from 10 to 50, where a higher score indicates higher feelings of chronic fatigue 

(Barton et al., 1995).  

3.2.5. Section 4: The type of person you are 

3.2.5.1. Composite morningness-eveningness questionnaire 

This section of the SSI obtains information on individual preferences for daily habits, 

feelings, behaviours, and actions (such as wake and sleep onset preferences and how 

this informs individual activity levels at different times of the day), using the Composite 

Morningness/Eveningness Questionnaire (26 items) presented as four/five alternate 

responses per question, and scored using a Likert scale. Chronotype may influence 

how nurses respond to different types of shift work, and therefore it is important to 

identify and understand for nurses’ future shift schedule implementation (Hittle & 

Gillespie, 2018). With reference to the original SSI document, items c, d, e and k are 

reverse coded. All Likert scale responses are summed to give a total chronotype 

score, where evening type corresponds to a score of 22 and less, intermediate types 

are scored between 23-43, and morning types score 44 and above (Barton et al., 

1995). 
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3.2.5.  Reliability and Validity 
The SSI is valid and reliable to use on the South African nursing population. The SSI 

has been used extensively in the global transport and healthcare industries, both in 

cross-sectional and longitudinal studies (Centofanti et al., 2018; Courtney, Francis, & 

Paxton, 2013; Ferri et al., 2016; Korompeli et al., 2013; Korompeli et al., 2014), as well 

as among the South African population by Visser (1999).  

3.2.6.  Research Hypothesis 
The research hypothesis is applicable to the quantitative component only regarding 

the effect of shift work on sleep-wake behaviours and fatigue. The dependent variable 

for the first hypothesis was identified as the changes in sleep/wake behaviours for 

example the sleep disturbance score and chronic fatigue score. The independent 

variable was identified as the type of shift system in which the nurses work. µ1 = 

permanent night shift; µ2 = rotating shift; µ3= permanent day shift. 

H0 = there is no difference between the type of shift system worked and changes in 

sleep/wake behaviours and fatigue/fatigue=like symptoms; where µ1 = µ2 = µ3. 

H1 = there is a difference between the type of shift system worked and the changes in 

sleep/wale behaviours and fatigue/fatigue-like symptoms; µ1 ≠ µ2 ≠ µ3. 

The dependent variable for the second hypothesis was identified as levels of 

fatigue/fatigue-like symptoms, for example the chronic fatigue score. The independent 

variable was identified as the type of shift system in which the nurses work. 

H0 = there is no difference between the type of shift system worked and 

fatigue/fatigue=like symptoms; where µ1 = µ2 = µ3. 

H1 = there is a difference between the type of shift system worked and fatigue/fatigue-

like symptoms; µ1 ≠ µ2 ≠ µ3. 
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3.3. STUDY SETTING 
Three private healthcare facilities, located in East London, in the Eastern Cape 

province of South Africa, were selected as study sites (see Figure 2 that follows). They 

consisted of a hospital (healthcare facility A), rehabilitation centre (healthcare facility 

B) and a psychiatric clinic (healthcare facility C). The hospital consisted of four 

intensive care units, general and cardiac theatre (including a Cath Lab-theatre 

specialised to conduct cardiac procedures), an emergency unit, and six wards. The 

psychiatric clinic consisted of 28 wards and neuro-clinic. The rehabilitation centre was 

divided into two units further divided into smaller wards that house between one to four 

patients.  

 

  

 

 

 

 

 

 

 

Figure 2: Locations of the three healthcare facilities 

(taken from google maps: https://www.google.com/maps/place/East+London/@-
32.9553222,27.5004012,10z/data=!3m1!4b1!4m6!3m5!1s0x1e66e6fc26098303:0x62
b7d874cc1a1b9f!8m2!3d-33.0198434!4d27.903905!16zL20vMDF0anFw) 

3.4. ETHICAL CONSIDERATIONS 
Before the commencement of the pilot study and phase 2 of data collection, ethical 

clearance was granted by the Rhodes University Human Ethics Committee (Ref: 2021-

5040-6245, Appendix A) as well as the gatekeeper (Ref: 29092021/4, Appendix B). 

As per the private healthcare institution’s ethical clearance, the facilities will not be 

mentioned by name, but are referred to as “Healthcare facility A”, “Healthcare facility 

B”, and “Healthcare facility C”. 

Healthcare 
facility A 

Healthcare 
facility B 

Healthcare 
facility C 
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3.5. RESEARCH SAMPLE 
Participants were recruited from within the three selected private healthcare facilities 

and considered as stakeholders. The focus population of this study were nurses 

employed by the selected private healthcare facilities, including agency staff, who 

were working any types of shifts and registered with the South African Nursing Council 

(SANC). Participants were required to be nurses registered with SANC and work 

shifts.  

3.6. RECRUITMENT AND SAMPLING METHODS 

The sampling techniques used for this study involved a combination of convenience, 

purposive and snowball sampling (Terreblanche et al., 2006). Nurses were recruited 

via email with the aid of nursing and unit managers, taking into consideration the 

COVID-19 pandemic and associated risks with contact information sessions. 

Participants were also recruited through word of mouth and advertisements/ 

recruitment posters (Appendix C) placed within the workplace (see Appendix F) for 

both the pilot and main data collection.  

Using Slovin’s sample size formula consisting of a 95% confidence interval, 5% margin 

of error, and approximately 300 nurses as a proposed maximum sample, the minimum 

number of nurses required to participate was 169. However, the number of participants 

was determined by the number of nurses who were willing to participate and complete 

the questionnaire.  

3.7. PROCEDURE 

3.7.1. Pre-study preparations – Initial meetings with the stakeholders  
(All email communications could not be included in this study to protect the 
anonymity of the gatekeeper and its employees) 

On 2 June 2021, the researcher contacted the nursing manager via email to determine 

the interest of the gatekeeper in participating in the study, the different shift 

arrangements worked by nurses across the three facilities, and to further discuss the 

aims and objectives via Zoom. Meetings were held via Zoom until 28 November 2021 

to mitigate any risk of COVID-19 transmissions. On 29 November 2021, after ethical 

clearance was granted by both Rhodes University and the private healthcare facilities, 

an in-person meeting was held between the researchers, the nursing managers of the 

three facilities and the hospital manager to discuss the usability, validity and reliability 
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of the questionnaire and proposed pilot study and to provide all the necessary 

documents (ethical clearance letters, recruitment posters, and the SSI questionnaire). 

During this discussion it was agreed that most nurses would not have access to 

complete the questionnaire online, and that both online and physical copies would 

have to be administered to the nurses.  

The researcher was responsible for ensuring participants had a complete 

understanding of the purpose of the methods of the study and the requirements for 

participation (Jones, 2000). Therefore, the purpose of the study and what was required 

of the participants was clearly described on the cover letter of the questionnaires and 

during all information sessions held during the data collection period. It was 

emphasised that participation was voluntary, and that if nurses chose to withdraw, they 

were able to do so without negative consequences. Nurses were also informed that 

by completing the questionnaire, they had consented to the study without disclosing 

personal particulars by ticking the check box of the consent clause found on the cover 

letter. This ensured anonymity and protection of personal information (POPIA, 2013). 

3.7.2. Pilot study (Appendix E) 
Prior to the start of the main data collection, a pilot study was conducted. The aim of 

the pilot study was to explore the utility and reliability of the SSI in the nurses’ work 

context, prior to canvassing participation from the rest of the nursing staff. During this 

phase, and considering the COVID-19 pandemic, the researcher explored the 

methods through which the SSI could have be completed (Google forms and hard 

copy), which further enabled additional adaptations post-pilot completion. Question 

descriptions were designed and provided to support the participants when completing 

the questionnaire.  

On 1 December 2021 a formal information session was held with the nursing and unit 

managers. A small group of nurses were purposively sampled with the assistance of 

the nursing and unit managers from the three selected private healthcare facilities. Of 

the 12 completed questionnaires, four came from the two smaller healthcare facilities, 

and eight questionnaires were from the main healthcare facility.  

The pilot study provided insight on how to approach data collection, given the 

unlikelihood of contact sessions and the challenges associated with the current 

pandemic. The pilot study also aided with gaining insight into the employed nurses’ 
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current knowledge surrounding shift work and its impact on their health, safety and 

performance as well as the usability of the questionnaire. Nurses wrote comments on 

the questionnnaire about the stability next to specific questions. After receiving 

sufficient completed pilot questionnaires on 13 December 2021, more information or 

descriptions were added to questions to aid participants’ understanding of the 

questions and support their answering based on the comments written on the 

completed pilot questionnaires. In light of the suggestions, some additional 

descriptions were added to the SSI used in this study and included the following:  

• indicating work hours in hours and minutes and range estimates (e.g. 12-24 

hours),  

• added to the description around shifts was that12-hour day shifts that start at 

06h00 or 07h00 should be considered as “early morning” shifts as per the 

question,  

• in the description for the mode of transport used, “group hired or paid transport 

is considered public transport and not a combination of public and private 

transport,” was added  

• added in the description around successive shifts, “successive shifts are shifts 

that are worked one after the other with no days in between”, 

• added to the description for mental workload, “mental workload is not emotional 

workload or stress. Mental workload refers to attention and mental resources 

needed for completing tasks”, 

• “Emotional stress refers to psychological strain and uneasiness triggered by a 

perceived threat in daily life, “was added to the description for emotional stress.  

3.7.3. Main data collection (Appendix F) 
All relevant nursing managers were contacted on 15 December 2021 with an invitation 

to participate in the study and a recruitment poster was disseminated to nurses via 

email. On 21 December 2021, unit and nursing managers were informed of the 

postponement of data collection into the new year due to the increase in COVID-19 

infection rates. The researcher contacted the nursing managers on 12 January 2022 

for approval to commence data collection, and all relevant nursing and unit managers 

were contacted again on 17 January 2022 for the commencement of the data 

collection. 
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Nurses, through a combination of convenience, purposive and snowball sampling, in 

the three healthcare facilities, were invited to participate by completing the SSI either 

online or as a hard copy. The researcher met with the nurses and unit managers 

informally at the beginning of the testing period in each ward’s nursing station (in 

person), during which the aims and objectives of the study, as well as what was 

required of the nurses, were outlined. This ensured that any questions nurses had 

pertaining to the survey were answered prior to completing the study. Due to issues 

of technology availability for the nurses, no online information sessions were held.  

Data collection spanned two months, in which participants were regularly reminded to 

complete in their own time as not to interfere with work during the shift. Due to nurses’ 

issues of technology and internet availability, the researcher emailed unit managers 

and nurses weekly/bi-weekly to remind nurses to complete the questionnaire as well 

as informally visiting all wards in the three facilities once a week on handover days/shift 

changes. After noticing the slow completion rate of the questionnaires, the researcher 

contacted the nursing managers between 26-31 January 2022 for permission to host 

20-minute sessions with the nurses on weekends (in consideration of nurses’ 

workloads during the week) to aid nurses in completing the questionnaires. 

Towards the end of data collection, the researcher emailed the relevant parties to 

remind them of the final stages of data collection on 17 February 2022, followed by a 

final email concluding data collection on 28 February 2022.  

Completed hard copy questionnaires were deposited in sealed boxes placed in each 

ward of the bigger healthcare facility, and one common area in each of the other two 

smaller healthcare facilities. Three soft copy questionnaires were completed, while the 

other 48 completed questionnaires were hard copy.  

3.8. STATISTICAL ANALYSIS 
3.8.1. Data reduction 
At the end of the data collection period, the raw data from both the Google forms and 

hard copy questionnaires were cleaned and coded (Appendix F) in a Microsoft Excel 

document. Likert scale data were given codes ranging from one to four/five/six based 

on the number of responses available per question (Appendix F). Data regarding “Not 

applicable”/ “n/a” and “0” responses were excluded from the analysis and left as 

missing data, except in the case of household dependents that needed looking after. 
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In instances that nurses gave responses that were in a numerical range (e.g., 10-15) 

responses were averaged (e.g., 12.5) on the reduced data sheet. If there was a time 

range (e.g., 22h00-23h00), the time was averaged and converted to a numerical value 

(e.g., 22.5). All data regarding amount of time (e.g., 20 minutes) was converted to 

hours (e.g,. 0.4); and data on experience (e.g., 5 years and 6 months) was displayed 

in years (e.g., 5.5) for ease of interpretation. Incomplete answers pertaining to sleep 

disturbance, chronic fatigue and morningness-eveningness were excluded if complete 

scores could not be summed appropriately. Too few or no nurses worked afternoon, 

half-day, or other shifts, therefore they were also excluded from the study. 

A total of 51 nurses completed the questionnaire, of which 20 reported working 

permanent night shift (19h00-07h00), 13 reported working rotating shifts, and 18 

worked permanent day shifts (07h00-19h00). This was established after cross 

referencing with questions such as: “how many night shifts do you work per year?” 

and “how are your shifts organised?”. This is relevant to state here given that the 

emergence of these different shift types influenced the nature of the statistical tests 

that were applied. Considering that nurses working rotating shifts worked at the same 

times as permanent day and permanent night shifts, without a proper indication of the 

speed and direction of the rotation, the total sleep disturbance score was calculated 

as follows: (sleep disturbance score (day) + sleep disturbance score (night))/2 + sleep 

disturbance score (days off). 

3.8.2. Normality testing 
A statistical analysis of the reduced data was performed using TIBCO Statistica® 

(version 14.0.0.15) and Microsoft Excel 365. The Shapiro Wilk and Kolmogorov-

Smirnov tests were used to test normality. Most variables were not normally distributed 

with the exceptions of “do you feel unsafe traveling to other shifts”, “number of 

successive afternoon shifts”, “number of successive other shifts”, “maximum number 

of shifts before days off in the past month” and “choose end time for other shifts”. 

Some variables computed for sleep disturbance scores (day shift – how rested do you 

feel between day shifts?, and on days off?, how do you normally sleep between days 

off?), and the composite morningness/eveningness score were normally distributed. 

Too few nurses reported working afternoon, half day and other shifts to make a 

meaningful comparison between those shifts, and therefore information in this regard 

was not included in the results section of this study.  
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3.8.3. Descriptive statistics 
For the data that was normally distributed descriptive statistics in terms of means (M) 

and standard deviations (±SD) were for napping and the composite moningness-

eveningness global score. For data that was not normally distributed, medians (Mdn) 

and interquartile ranges (IQR) of 25% and 75% were used for the rest of the data for 

ease of interpretation before performing inferential statistics.   

3.8.4. Inferential statistics for the general sample 
The analyses of the data occurred in two distinct phases. Initially, the data for the 

overall sample was analysed. For this, the Kruskal Wallis test was used at a 95% 

confidence interval (Appendix G) to compare any differences in the basic demographic 

data, shift characteristics and nurses’ other background information (experience, 

partner, and commuting) and the impact that the different types of shifts (day, night 

and days off) had on sleep wake behaviour, sleep disturbances and chronic fatigue 

The Kruskal-Wallis was used only when comparisons could be made between 

variables applicable to the general sample. Following the Kruskal-Wallis test, after 

significant differences were found between groups, a Multiple Comparisons test was 

conducted as a post hoc test to determine where the significant differences were 

between the three different groups of shift nurses. 

The second phase of data analysis focused on comparing the different shift types that 
emerged (permanent night, permanent day and rotating shifts). Given that not all 
groups worked night shifts (as in permanent day shifts workers) and not all groups 
worked day shifts (as in permanent night shifts) a Mann-Whitney U test was used to 
make comparisons between shift groups working the same type of shift (permanent 
day vs rotating day; permanent night vs rotating night) against variables relating to the 
different shifts worked. Where comparisons could be made between all three, the 
Kruskal Wallis test was applied.  

3.8.5. Thematic analysis 
From the SSI, the qualitative question explored the advantages and disadvantages of 
nurses shift systems. A thematic analysis was used to describe these advantages and 
disadvantages of the nurses shift systems (Braun & Clarke, 2012). In accordance with 
the framework by Braun and Clarke (2012), the researcher became familiar with the 
data set and generated initial codes, within the codes searched for obvious themes. 
These themes were further reviewed, defined and named, and finally presented in a 
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thematic map created using an online mind mapping software called Miro 
(https://www.miro.com) and saved as JPEG image files.  

3.8.5.1. Overview of the phases by Braun and Clarke (2006) 

The first step of the thematic analysis requires familiarising with the data by reading 
through the qualitative answers repeatedly, while taking notes, to identify outstanding 
patterns. The second step generates initial codes based on the patterns identified in 
step one, in which the researcher used colours identifying the meaningful phrases or 
words. Step three required the researcher to group answers based on the colour codes 
prescribed to identify the broader themes present in the data set. These groups 
generated main themes and sub-themes when appropriate. The fourth step required 
reviewing the themes identified in step three to distinguish boundaries between 
themes and sub-themes. In this step the researcher also refined themes by grouping 
similar themes and removing irrelevant or isolated patterns, while continuing to review 
the themes for any missing codes left out in previous steps. The fifth step in the 
thematic analysis process involved defining and naming the themes and sub-themes 
identified in step four appropriately, where the researcher was able to narrate the 
qualitative findings in line with the interests of the study. The final thematic analysis 
was presented as two separate mind maps for the advantages and disadvantages of 
nurses’ shift systems, displayed in the results section. In terms of reflexivity, the 
researcher had prior knowledge of the fatigue and sleepiness felt by nurses by working 
in the same hospital albeit in the administration division, as well as having a family 
member working in the hospital as a nurse. Thus, the researcher acknowledges the 
preconceived notions based on experience and from the literature about the sleep and 
fatigue felt by the nurses in the sample. During informal walkabouts, nurses would 
voice certain aspects of their work that resonated with the literature and themes 
generated from the advantages and disadvantages of their shifts in the SSI. While this 
may have influenced how the data were analysed thematically, the researcher took 
steps to limit the bias that these insights may have created. Firstly, The researcher 
became familiar with the data before using codes, and shared the coded data with the 
main supervisor (who was removed from situations) during the thematic analysis for 
review. The researcher then used an inductive approach to generate the themes, and 
revised the themes presented in chapter three against the literature. In addition, 
responses for advantages and disadvantages of the shift system were similar, limiting 
bias of the researcher when generating and interpreting the themes.  
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CHAPTER IV 
RESULTS 

Out of the 300 nurses employed between the three healthcare facilities, 51 

questionnaires were completed, with a response rate of 17%.  

In the first section of demographic data and shift characteristics, information related to 

the general sample will be reported first, followed by demographic data and shift 

characteristics of nurses working different shift arrangements (permanent night, 

permanent day and rotating shifts). This section is followed by background information 

including nurses’ working experiences, partner information and commuting, including 

a thematic analysis on the advantages and disadvantages of nurses’ shift systems. 

Thirdly, sleep-wake behaviours including the sleep duration, sleep disturbances (of 

the general sample, and then nurses of different shift arrangements), naps taken and 

use of sleeping aids will be reported, followed by workload, chronic fatigue and 

morningness-eveningness preferences (each reporting for the general sample first 

followed by the different shift arrangements).  

Significant differences and a 0.05 confidence level are presented in the tables either 

as a bold red Asterix (*) or alphabetical letter (a). The number of responses per 

variable were indicated in bold “N (%)”. If the variable had subsequent Reponses, for 

example Likert scale data, the frequency of the subsequent responses was calculated 

as a percentage of the main variable. For example, there were 51 (100) responses for 

marital status, where 25 (49.02) responded “married or living with a partner”.  

4.1. BASIC DEMOGRAPHIC DATA AND SHIFT CHARACTERISTICS 

4.1.1. General sample 

With reference to the demographic data of the general sample in Table 1, the median 

age of the sample was 44.2 (IQR 35 to 54) with most nurses being female (90.2%). 

Most nurses were above 46+ years of age (n = 21; 42%) and reported being 

married/living with a partner (n = 25; 49.02%); while 41.18% (n = 21) of nurses were 

single. In terms of household dependents, there was a greater number (n =74; 

44.58%) of adult dependents in the age range (25-60). Altogether there were 175 

household dependents. Thirty-nine (38.29%) dependents needed to be looked after 

by n=31 (60.78%) nurses, with a median of 2 (IQR 1 to 2) dependents per household. 
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Table 1: Basic demographic data obtained from the nurses of all three private 
healthcare facilities. 

Variables N (%) Mdn  
(IQR 25-75%) 

Age 50 (98.04) 44.2 (35-54) 
≤35 14 (28)  

36-45 15 (30)  
46+ 21 (42)  
Sex 51 (100)  
Male 5 (9.80)  

Female 46 (90.2)  
Marital status 51 (100)  
Married/partner 25 (49.02)  

Separated/divorced 3 (5.88)  
Single 21 (41.18)  

Widowed 2 (3.92)  
Household dependents (categories in years) 51 (100)  

Total dependents 166   
0-5 23 (13.86)  
6-12 25 (15.06)  
13-18 19 (11.45)  
19-24 14 (8.43)  
25-60 74 (44.58)  
60+ 11 (6.63)  

No. of household dependents that need looking after 
(responses)  31(60.78)  

Total dependents need looking after 39 (100)  
0 8 (25.81)  

1-2 24 (77.42)  
≥3 7(22.58)  

 

With reference to the shift characteristics of the general sample in Table 2, nurses 

reported that their shift arrangements were mostly regular (n = 40; 80%). Nurses 

working day shifts reported having approximately up to five consecutive shifts with two 

or three consecutive days off. Nurses working night shift work reported a median of 

seven consecutive shifts (IQR 5.5 to 7) followed by five to seven consecutive days off. 

All nurses reported having a median of two (IQR 2 to2) weekends off per 28 days. 

Most nurses reported working a median of 42 (IQR 40 to 50) hours excluding overtime 

and a median of 12 (IQR 0.29 to 12) hours of paid overtime per week, while only n = 

16 (31.37%) nurses worked a median of two (IQR 1.63 to 7.26) hours of unpaid 

overtime per week. Nurses were given a median of two (IQR1 - 2) weeks’ notice of 

roster where only one nurse reported being given only one hour’s notice. 
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Table 2: Shift characteristics (successive shifts and off days, shift organisation, 
regularity, perceptions of scheduling, and changes in shift scheduling of nurses across 
the three facilities 

Variables N (%) Mdn (IQR 25-75%) 
Shift regularity 50 (98.04)  

Regular 40 (80)  
Irregular 4 (8)  
Flexible 6 (12)  

Shift Type   
Permanent night 20 (39.22)  

Rotating 13 (25.49)  
Permanent Day 18 (35.3)  

Number of successive shifts   
Day 31 (60.78) 3 (2.5-5) 

Night 27 (52.94) 7 (5.5-7) 
Total number of successive shifts before day(s) off 34 (66.67) 5 (2.5-7) 

Maximum number of shifts before days off 22 (43.14) 5 (3-7) 
Average number of successive days off 47 (92.16) 2.5 (2-6) 

Average nights worked in a year 19 (37.25) 165 (91.25-174) 
Weekends off / 28days 47 (92.16) 2 (2-2) 
Shift cycle (in weeks) 34 (66.67) 3.5 (1-4) 

Notice of roster (in weeks) 37 (72.55) 2 (1-2) 
Average weekly working hours excluding overtime 49 (96.08) 42 (40-50) 
Average working hours of paid overtime per week 38 (74.51) 12 (0.29-12) 

Average working hours of unpaid overtime per 
week 16 (31.37) 2 (1.63-7.26) 

 

4.1.2. Demographic information across the different shift arrangements 

With respect to demographic variables displayed in Table 3 below, more permanent 

night (n = 8; 42.11%) and day shift nurses (n =8, 44.44%) are 46+ years of age, with 

more rotating nurses being 36 years or older. The majority of nurses across the three 

shifts arrangements were female, where permanent night nurses are mostly single 

(n=13; 65%) and rotating (n = 7; 53.85) and day shift nurses (n = 12; 66.67) were 

mostly married or living with a partner. Across the three shifts, the majority of nurses’ 

household dependents fall within the 25-60 year-old age range. Permanent night 

nurses reported having more dependents between the ages of 0-18 compared with 

rotating and day shift nurses. More permanent night staff had dependents that needed 

looking after, with most nurses across all different shift types needing to look after one 

or two dependents per household, but this was not compared using statistics.
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Table 3: Basic demographic data per shift obtained from the nurses of all three private 
healthcare facilities 

 

With reference to the shift characteristics in Table 4, nurses across the three facilities 

reported having a regular shift system, with few permanent and rotating nurses 

reporting irregular and flexible shift systems. Day shift nurses, however, reported only 

having a regular shift system. Permanent night shift nurses had a significantly higher 

total of successive shifts before days off compared with rotating (H (2) = 10.67, p = 
0.048*) and permanent day nurses (H (2) = 10.67, p = 0.02*). Similarly, while there 

were no significant differences between groups, permanent night nurses had a higher 

maximum number of shifts before days off than both rotating and day shift nurses. 

 Permanent night Rotating Permanent Day 

Variables N (%) Mdn  
(IQR 25-75%) N(%) Mdn  

(IQR 25-75%) N (%) Mdn  
(IQR 25-75%) 

Age 19 (90.48) 40 (35-58) 13 (100) 43 (36-49) 18 (100) 43.5 (35-53) 
≤35 6 (31.58)  3 (23,08)  5 (27.78)  

36-45 5 (26.32)  5 (38.46)  5 (27.78)  
46+ 8 (42.11)  5 (38.46)  8 (44.44)  
Sex 20 (100)  13 (100)  18 (100)  
Male 1 (5)  3 (23.08)  1 (5.56)  

Female 18 (95)  10 (76.92)  17 (94.44)  
Marital status 20 (100)  13 (100)  18 (100)  
Married/partner 6 (30)  7 (53.85)  12 (66.67)  

Separated/divorced 1 (5)  1 (7.69)  1 (5.56)  
Single 13 (65)  4 (30.77)  4 (22.22)  

Widowed 0  1 (7.69)  1 (5.56)  
Household dependents 

(categories in years)       

Total dependents 80  34  46  
0-5 10 (12.5)  5 (14.71)  8 (17.39)  
6-12 9 (11.25)  8 (23.53)  3 (6.52)  
13-18 11 (13.75)  5 (13.71)  3 (6.52)  
19-24 8 (10)  3 (8.82)  2 (4.35)  
25-60 35 (43.75)  13 (38.24  26 (56.52)  
60+ 7 (8.75)  0  4 (8.7)  

No. of household 
dependents that need 

looking after (responses) 
19 (90.48)  9 (69.23)  15 (83.33)  

Total dependents need 
looking after 33 (18.86)  19 (10.86)  15 (8.57)  

0 4 (12.12)  0  8 (53.33)  
1-2 13 (39.39)  6 (31.58)  5 (33.33)  
≥3 2 (6.06)  3 (15.79)  2 (13.33)  
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Table 4: Shift characteristics (successive shifts and off days, shift organisation, regularity, perceptions of scheduling, and changes in 
shift scheduling of permanent night, rotating and day shift nurses across the three facilities 

 

In terms of days off, permanent night nurses had significantly more “average number of successive days off” than permanent day 

nurses H (2) = 10.83, p = 0.004***, with rotating and day shift nurses having a similar number of days off with no significant differences. 

Permanent night and rotating nurses worked a median of 168 (IQR 164 to 174 nights) and a median of 125.63 (IQR 91.25 to 171.5 

nights) nights per year respectively. In Table 5 above, all shift nurses reported having median of two weekends off per 28 days, and 

two weeks’ notice of their roster. Rotating shift nurses reported a longer shift cycle than permanent and day shift nurses, however 

there was no significance. Rotating and day shift nurses had more similar average weekly working hours, with permanent night nurses 

working more weekly hours Md = 46.25 (IQR 41 to 84 hours), however weekly hours was not significant between groups. 

 Permanent night Rotating Permanent Day 

Variables N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) 

Shift regularity 20 (100)  13 (100)  17 (94.44)  
Regular 14 (70)  9 (69.23)  17 (100)  
Irregular 4 (20)  2 (15.38)  0  
Flexible 2 (10)  2 (15.38)  0  

Number of successive shifts       
Day   11 (84.62) 2.5 (2-3) 15 (83.33) 3(2.5-5) 
Night 17 (85) 7 (7-7) 7 (53.85) 7 (4-7)   

Total number of successive shifts before day(s) off 11 (55) 7 (5.5-7) * 10(76.92) 2.75 (2-5) * 13 (72.22) 3(2.5-5) 
Maximum number of shifts before days off 6 (30) 7 (4-7) 10(76.92) 5(2-10) 6 (33.33) 4.5 (3-9) 

Average number of successive days off 18 (90) 7 (2.5-7)*** 12 (92.31) 2.5(2-3) 17 (94.44 2 (2-2.5)*** 
Average nights worked in a year 13 (65) 168 (164-174) 4 (30.77) 125.63 (91.25-171.5) 2(11.11)  

Weekends off / 28days 20 (100) 2 (2-2) 11 (84.62) 2 (2-4) 16 (88.89) 2 (2-2.5) 
Shift cycle (w) 13 (65) 1 (1-4) 9 (69.23) 4 (3-4) 12(66.67) 3 (2-4) 

Notice of roster (w) 16 (80) 2 (1-2) 9 (69.23) 2(1-2) 12(66.67) 2 (1-2.5) 
Average weekly working hours excluding overtime 20(100) 46.25 (41-84) 12 (92.31) 40.5 (40-42) 17 (94.44) 41 (42-44) 
Average working hours of paid overtime per week 17 (85) 12 (0-16) 8 (61.54) 12 (0.15-30) 13 (72.22) 10 (2-12) 

Average working hours of unpaid overtime per week 3 (15) 7 (1-18) 4 (30.77) 4.75 (1.75-9.75) 9 (50) 2 (1.75-2) 
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With no significant differences found between groups for paid overtime, permanent 

night and rotating nurses worked similar overtime hours per week, with permanent day 

nurses working slightly less overtime. Permanent night nurses worked more unpaid 

overtime hours than rotating and permanent day shift nurses weekly, with no 

significant differences observed between shift arrangements. 

4.2.  PERCEPTIONS AROUND SHIFTS AND ROSTERING 

This section of results shows the nurses’ perceptions of control around rostering and 

explores the reasons nurses have chosen their shift systems. Nurses also reported on 

the advantages and disadvantages of their shift systems. 

4.2.1. Timing of shifts 
With reference to the timing of shifts in Table 5, nurses working day shifts are satisfied 

with the start time of their morning shift; however, they preferred to end day shifts at 

16h00 instead of at 19h00. Nurses working night shifts (permanent and rotating) were 

also satisfied with the start and end times for night shifts.  

Table 5: Actual and preferred shift start and end times for nurses working across the 
three private healthcare facilities. 

 

4.2.2. Perceptions of control 
With respect to nurses’ perceived control over the shift system as illustrated in 

Figure 3, some nurses (n=8) felt that they had no control (n=16.33%), more (n=12) 

reported having “not very much” control over their shift system (24.49%), with less 

(n=10) reporting “a fair amount of control” (20.41%), quite a lot of control (n=7; 

14.29%), and complete control (n=12; 24.49%) over their shift system. Similarly, 

38.78% of nurses (n=19) felt that they had no control over the start and end times of 

their shifts, while others felt they did not have very much control (n=7; 14.29%), a fair 

amount (n=6; 12.24%), quite a lot (n=10; 20.41), or complete control (n=7; 14.29%) 

Variables Actual Preferred 
Shift Type N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) 

Day     
Start 40 (78.43) 07h00 (06h45-07h00) 34 (66.67) 07h00 (07h00-08h0) 
End 38 (74.51) 19h00 (13h00–19h00) 28 (54.9) 16h00 (13h45-18h00) 

Night     
Start 32 (62.75) 19h00 (18h53-19h00) 31 (60.78) 19h00 (18h30 – 19h00) 
End 32 (62.75) 07h00 (07h00-07h00) 33 (64.71) 07h00 (06h00-08h00) 
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over the start and end times of shifts. When comparing perceptions of control across 

the different groups of shift nurses, there were no significant differences observed.  

 

Figure 3: Likert scale responses regarding nurses’ perceptions of control of the shift 
system (n = 49) and control over start and end times of shifts (n = 49) 

4.2.3. Rostering 
With reference to the changes in rostering shown in Figure 4, more nurses reported 

“almost never” having to change their roster on short notice (n = 17; 36.96%), with 

53.95% of responses between “almost never” and “rarely”. When asked how often 

nurses are required to swop shift with colleagues, 52.18% of nurses responses fell 

between “sometimes” and “frequently, with more nurses responding “sometimes” 

having to swop shifts with colleagues (n = 22; 47.83%). More nurses responded 

“sometimes” requesting to work specific shifts (n = 23; 51.11%), with 60% of responses 

between “sometimes” and “frequently”. 
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Figure 4: Changes in rostering for nurses across the three private facilities (how often 
nurses are required to change the roster (n = 48; 94.12%); how often nurses are 
required to swop shifts with other colleagues (n = 48; 94.12%); how often nurses 
request to work specific shifts (n = 47; 92.16%) 

 

With reference to nurses changing their rosters on short notice in Figure 5, rotating 

nurses had to change their roster on short notice significantly more than permanent 

night H (2) = 9.32, p = 0.02* and day shift H (2) = 9.32, p = 0.045** nurses. 

 

Figure 5: Changes in rostering on short notice for permanent (n = 18; 90%), rotating 
(n = 13; 100%) and day shift (n = 17; 94%) nurses across the three private facilities 

Regarding nurses’ ability to work a specific shift in Figure 6, it was found that rotating 

nurses were more likely to be able to request to work specific shifts than day shift 
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nurses H (2) =6.997, p = 0.046*, showing that rotating nurses have slightly more 

flexibility in their shift systems. No significant differences were found between 

permanent night and day shift nurses. 

 
Figure 6: Requests to work a specific shift for permanent (n = 18; 90%), rotating (n = 
12; 92.31%) and day shift (n = 17; 94.44%) nurses across the three private facilities 

 

With reference to nurses’ main reasons working shifts (see Figure 7), some nurses 

reported (very much a reason for me) that shifts were part of the job (n = 12; 34.29%) 

while more nurses reported that it was convenient for domestic responsibilities (n = 

15; 42.86%). When asked about other reasons for working shifts, nurses reported 

having more quality time, working five days is exhausting and restrictive.  

With reference to the main reasons for working shifts and when answering “other”, 

most answers related to “part of the job”, and “convenient for my domestic 

responsibilities”. Other responses (n = 8; 15.69%) related to having days off (n = 3; 

37.5%), quality time (n = 1; 12.5%), and rest (n = 3; 37.5%). 
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Figure 7: Main reasons why nurses work shifts across the three healthcare facilities 
(part of the job (n = 35; 68.63%); only job available (n = 25; 49.02%); convenient for 
domestic responsibilities (n = 35; 68.63%); higher rates of pay (n =28; 54.90%); other 
(n = 8; 15.69%). 

 

4.2.4 Thematic analysis of the advantages of the shift system 

Four main themes were identified for the advantages of the nurses shift system in 

Figure 8. The first, main theme was domestic life containing three sub-themes of 

quality time, family responsibilities and domestic responsibilities. The remaining three 

main themes were remuneration, sleep-wake behaviours, and leisure days/days off.  

Figure 8: Nurses’ perceived advantages of their shift system 
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4.2.4.1. Main theme 1: Domestic Life 

Domestic life refers to any information regarding the intricacies of nurses’ home life 

affected by their shift system 

4.2.4.1.1. Sub-theme: Quality time 

For subtheme quality time, nurses (especially permanent night nurses) found that 

working their shift system gave them more time off to spend with family. One nurse 

commented that there were “regular hours for planning after hours with family”; 

another said, “to be with my family most of the time especially on my seven nights off”, 

and others stated, “going to visit family”, and ”hours with husband”.  

4.2.4.1.2. Sub-theme: Family responsibilities 

For this sub-theme “family responsibilities, the predictability of the shifts enabled 

nurses to tend to the needs of the family as captured by two participants who said that 

they are: “able to take care for my children for school,” and “my child is left alone at 

night.,” 

4.2.4.1.3. Sub-theme: Domestic responsibilities 

For this sub-theme, nurses reported being able to plan and make arrangements 

around their shift systems. Some examples include: " You can sort of arrange things 

according to your shifts"; and "Convenience for domestic responsibilities”, “do 

housework”. 

4.2.4.2. Main theme 2: Remuneration 

A second emergent thematic advantage was that nurses who work night shifts noted 

that night-time allowance or the increased pay associated with working nights 

compared with working day shift was an advantage of their shift system. One nurse 

stated that there is a “special night allowance”; and another said that “payment rate is 

more during night shifts”. 

4.2.4.3. Main Theme 3: Sleep-wake behaviours 

The third advantage, which more permanent night nurses reported most, was that they 

were able to receive an adequate amount of sleep during the day, and that there was 

enough time to recover on their seven days off compared with the other shift nurses. 

One nurse said, “you get to rest on your day off”; and another said, “enough time to 

recharge after seven nights on”. 
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4.2.4.4. Main theme 4: Leisure/ Days off 

Nurses in their specific shift schedules found that having off days in the week or 

weekends or having seven days off in the case of permanent night staff, was an 

advantage. Some excerpts include: “if you work Saturday you get a day off the next 

week"; and “7days off”; and “days off during the week”.  

4.2.5. Thematic analysis of the disadvantages of nurses’ shift systems 
Five main themes were identified for the disadvantages of nurses’ shift systems as 

illustrated in Figure 9. These included: domestic life, which had sub-themes of family 

and personal and social responsibilities; sleep/wake behaviours had sub-themes of 

inadequate sleep and sleepiness. Fatigue had one sub-theme of workload, and other 

themes were shift organisation, leisure/off days, and organisational factors. 

Figure 9: Nurses’ perceived disadvantages of their shift system using an open-ended 
question in the SSI. 

 

4.4.2.1. Main theme 1: Domestic Life 

The main theme of domestic life refers to any information regarding family and any 

domestic and social responsibilities at home interfered by shift work.  
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4.4.2.1.1. Sub-theme: Family 

Nurses, in the first theme of domestic life: family, felt that they had limited time to spend 

with and care for family, especially permanent night nurses working seven days on. 

Some examples include: “missing my grandchildren before they go to school”; “don’t 

have time to be with family”.  

4.4.2.1.2. Sub-theme: Personal and social responsibilities 

Another subtheme that emerged is that nurses, especially permanent night nurses 

found it difficult to tend to their domestic and personal responsibilities such as: “disturb 

doing things during the day”; “working straight shift limited time to do household 

chores”; “interferes with social life, friends”, and “have to take time off for 

appointments”. 

4.4.2.2. Main theme: Sleep-wake behaviours 

The main theme of sleep wake behaviours included responses from nurses regarding 

the amount of sleep and quality of sleep or rest that they were obtaining and 

experiences of sleepiness.  

4.4.2.2.1. Sub-theme: Inadequate sleep  

Rotating and day shift nurses reported having less issues achieving adequate sleep, 

whereas permanent night nurses said that they had difficulties falling asleep, 

especially in the day. One nurse said: “not being able to sleep during the day as it 

becomes too hot at times and too noisy". Another nurse stated that they were “not 

getting enough time to sleep during the day, always tired (body and mind)”. This 

contrasts with the theme of sleep displayed in the advantages of nurses’ shift system, 

indicating that nurses’ experience of shift work and sleep are individually specific.  

4.4.2.2.2. Sub-theme: Sleepiness  

An emergent sub-theme identified in the disadvantages of the shift systems was that 

nurses were tired and sleepy on duty. One nurse said: “Some staff members are falling 

asleep while on duty” while another nurse reported, “Being exhausted at work.” 

4.4.2.3. Main theme 3: Fatigue 
The main theme of fatigue includes responses from nurses regarding the feeling of 

both physical and mental exhaustion and the levels of workloads experienced by the 

nurses. 
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4.4.2.3.1. Sub-theme: Workload 

An emergent sub-theme of fatigue identified as a disadvantage was that nurses 

complained of heavy workloads. One nurse stated that working shifts was “hectic”. 

Another nurse said that they were “working under pressure”; with others saying 

“sometimes its very heavy to do 12 hour shift” and “… after 21h00 in long cases can 

be very tiring and strenuous sometimes”. 

4.4.2.4. Main theme 4: Shift organisation 
The fourth theme identified as a disadvantage was that nurses often work long and 

unpredictable hours due to sudden changes in rostering, a shortage of staff, and 

having to be awake for longer periods of time due to long hours on duty. According to 

one nurse, her shift ended: “sometimes after 21h00 in long cases.” Another nurse said 

that “shift starts and ends before the shift time and after shift has ended, very long 

hours to stand”. One nurse complained that “you may be told the day before that your 

shift for the next day has changed, and if you had arrangements you have to cancel 

on short notice. If you have a personal crisis you have to find someone to change 

shifts with and colleagues aren't always willing to help you.” 

4.4.2.5. Main theme 5: Leisure/days off 
Nurses, more so rotating shift nurses, complained that they did not have enough off 

days in between shifts, and that working public holidays and weekends was a 

disadvantage of their shift system. Some reports include: “as much as I don't work too 

long before I get day off, my days off are short”; “working weekends having to work 

public holidays"; “no days off in-between”.  

4.4.2.6. Main theme 6: Organisational factors 
The last theme identified as a disadvantage to nurses’ shift systems, was that because 

of a shortage of staff, rostering of duties hindered nurses’ abilities to tend to personal 

responsibilities. Nurses also identified discourtesy in the workplace, as well as not 

appreciating colleagues falling asleep on duty. One nurse said that other nurses are: 

“not respecting each other, talk behind back to each other”. Another nurse stated that 

there was a “shortage of staff at night”. 

4.2.6. Additional perceptions of the advantages and disadvantages  
Regarding nurses’ perceptions around the advantages and disadvantages of working 

shifts and whether or not to work a day job instead, illustrated in Figure 10, more 
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nurses reported that they would “probably not” quit working shifts to work a day-time 

job (n = 14; 30.43%), and that “maybe” the advantages of their shift system outweigh 

the disadvantages (n = 13; 28.26%). 

 

Figure 10: Nurses’ perceptions on choosing to work a day-time job without shifts (n = 
46; 90.2%), and weighting of advantages and disadvantages of their shift system 
across the three healthcare facilities (n = 46; 90.2%) 

With reference to nurses’ choice to quit working shifts to work day-time jobs without 

shifts, permanent night shift nurses were least likely to give up working shifts (Md = 2, 

n=20) compared with day shift nurses (Md = 3; n = 15), H (2)= 12.46, p = 0.0018. 

 

Figure 11: Nurses working different shift arrangements’ choice to quit working shifts 
to work a day-time job 
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4.3. WORK EXPERIENCE, PARTNER, AND COMMUTING INFOMRATION 
This section displays results pertaining to nurse’s professional experience working as 

a nurse, working in the current shift system, and working shifts overall, moonlighting, 

career breaks; partners’ work hours, job schedule, and perceptions of nursing partner 

working shifts, as well as information around commuting.  

4.3.1. Nurses’ professional experience 
With reference to nurses’ professional experience in Table 6, no significant differences 

were found for all variables displayed. Most of the nurses in the general sample are 

registered professional nurses (n=36; 70.59%) having worked in their shift system for 

a median of 15 years (IQR 8 years to 29 years). Nurses in the general sample have 

been working in their present system for a median of 4 years (IQR 1 year to 9 years) 

and working shifts altogether for a median of 11 years and 3 months (IQR 6 year and 

3 months to 21 years). In the general sample, most nurses (n=42; 84.31) did not work 

a second paid job and took a career break for a median of four months (IQR 0 years 

to 1 year).   

Between the different shift arrangements, no significant differences were found for any 

of the variables displayed in table that follows.  Rotating shift nurses have been 

working as nurses the longest with a median of 20 years (IQR 7 years to 23 years) 

with permanent night nurses working the least for 10 years and six months (IQR 6 

years and 6 months to 35 years). While not significant, permanent day shift nurses 

have worked in their present shift system for a median of 6 years (IQR 2 years to 13 

years), longer than rotating nurses working for a median of 5 years (IQR 1 year to 10 

years) and permanent night nurses who have been working for a median of 1 year and 

6 months (IQR 8 months to 5 years). Permanent day shift nurses have been working 

shifts altogether the longest for a median of 13 years and 6 months (IQR 10 years and 

5 months to 16 years and 9 months), while permanent night (IQR 6 years to 25 years) 

and rotating (IQR 6 years to 21 years) shift nurses have both worked for a median of 

10 years. Across the three shift arrangements, most permanent night (n=15 ;75%), 

rotating nurses (n =12; 92.31) and permanent day (n = 16; 88.89) shift nurses did not 

work a second paid job. Rotating nurses had the longest career break of a median of 

10 months (IQR 5 months to 3 years), followed by permanent day shift nurses with a 
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median of 6 months (IQR 0 years to 1 year and 6 months), with permanent night nurses having the shortest median career break of 

1 month (IQR 0 years to 5 months). 

Table 6: Professional experience of nurses for the general sample and per shift type, including category of nurse, years working as 
a nurse, working in the present shift system, working shifts altogether, moonlighting, and career break  

 

4.3.2. Partners’ work schedule and perception of nurses shift work 
Referring to nurses’ partners work hours in Table 7, for the general sample, nurses’ partners worked a median of 40 hours per week 

(IQR 40 hours to 42 hours). Most partners (n = 14; 60.87%) worked a daytime job with no shifts. Most nurses’ partners (n = 15; 

 All nurses Permanent night Rotating Permanent day 

Variables N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) 

Nurse Category 51(100)  20 (100)  13 (100)  18 (100)  
Registered Professional Nurse (RPN/RN) 36 (70.59)  14 (70)  8 (61.54)  14 (77.78)  

Registered staff nurse (RSN/EN) 9(17.65)  4 (20)  3 (23.08)  2 (11.11)  

Registered auxiliary Nurse (RAN/ENA) 6(11.76)  2 (10)  2 (15.38)  2 (11.11)  

Nursing career (years and months) 51 (100) 15 (8-29) 20 (100) 10.5 (6.5-35) 13 (100) 20 (7-23) 18 (100) 15.5 (13-30) 

Nursing in the present shift system  
(years and months) 

51 (100) 4 (1-9) 19 (95) 1.5 (0.67-5) 13 (100) 5 (1-10) 18 (100) 6 (2-13) 

Working shifts altogether 
 (Years and months) 

48 (94.12) 11.25 (6.3-21) 19 (95) 10 (6-25) 13 (100) 10 (6-21) 16 (88.89) 13.5 (10.5-16.75) 

Second paid job 51 (100)  20 (100)  13 (100)  18(100)  
Yes 8 (15.69)  5 (25)  1 (7.69)  2 (11.11)  

No 42 (84.31)  15 (75)  12 (92.31)  16 (88.89)  

Career break (years and months) 26 (51) 0.33 (0-1) 10 (50) 0.07 (0-0.45) 6 (46.15) 0.84 (0.42-3) 10 (55.56) 0.54 (0-1.58) 
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51.72%) were “fairly supportive” of nurses’ working shifts. Similar to the general sample, most nurses’ partners across the three shift 

systems worked day jobs without shifts and were “fairly supportive” of them working shifts. 

Table 7: Nurses' partners work hours per week, work schedule and perception of nurses working shift from section two of the SSI 

 All nurses Permanent night Rotating Permanent day 

Variables N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) N (%) Mdn (IQR 25-75%) 

Partner hours (Hours,min) per week 21 (41) 40 (40-42) 4 (20) 41(40-45) 5 (38.46) 40 (40-42) 12 (66.67) 40 (35-43.5) 

Partner's work pattern 23 (45.1)  7 (35)  5 (38.46)  12 (66.67)  

Daytime-no shifts 14 (60.87)  4 (57.14)  2 (40)  9 (75)  

Rotating shifts with nights 4 (17.39)  1 (14.28)  2 (40)  1 (8.33)  

Rotating shift without nights 1 (4.35)  1 (14.28)  0  0  

Permanent night shift 1 (4.35)  0  1 (20)  0  

Not applicable 2 (8.7)  1 (14.28)  0  1 (8.33)  

Other 1 (4.35)  0  0  1 (8.33)  

Partners’ feelings towards working shifts 29 (56.86)  10 (50)  8 (61.54)  13 (72.22)  

Extremely unsupportive 2 (10.53)  0  1 (80)  1 (7.69)  

Fairly unsupportive 0 (0)  0  0  0  

Quite indifferent 1 (5.26)  0  1 (80)  0  

Fairly supportive 15 (51.72)  6 (60)  4 (50)  7 (53.85)  

Extremely supportive 11 (37.93)  4 (40)  2 (25)  5 (38.46)  
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4.3.3. Commuting time and methods 
This section displays information regarding the commuting times to and from work for nurses, the mode of transport used, and 
perceptions of safety around commuting to the different shifts. 

4.3.3.1. Travel time 
With reference to the commuting time of nurses in Table 8, night shift nurses travel longer to and from shifts in total, while no significant 

differences were found. Comparing the different shift arrangements, rotating nurses are travelling longer in total on night shifts. 

Similarly, rotating nurses are travelling longer in total on day shifts. No significant differences in travel time were found between the 

different shift arrangements. 

Table 8: Commuting times (minutes) to and from shifts for nurses of the general sample, and for the different shift arrangements 
across the three healthcare facilities 

 

 

 

 

 

Variable All nurses Permanent night Rotating Day 
Shift Type N (%) Mdn (IQR25 - 75%) N (%) Mdn (IQR25 - 75%) N (%) Mdn (IQR25 - 75%) N (%) Mdn (IQR25 - 75%) 
Day shift         

To 39 (76.47) 15 (10 - 20)   13(100) 15 (10 - 30) 18 (100) 15 (10 - 20) 
From 35 (68.63) 15 (10 - 30)   11(84.62) 25 (10 - 30) 16 (88.89) 16.25 (12.5 - 25) 

Total commute 35 (68.63) 31.75 (20 - 40.63)    40 (18.5 - 60) 16 (88.89) 34.25 (27.5 – 40.64) 
Night shift         

To 31 (60.78) 15 (10 - 30) 17 (85) 12.5 (8.5 - 15) 11(84.62) 20 (10 - 30)   
From 31 (60.78) 20 (12 - 30) 17 (85) 15 (10 - 20) 11(84.62) 25 (10 - 30)   

Total commute 31 (60.78) 35 (20 -55) 17 (85) 30 (20 - 40) 11 (84.62) 40 (20 - 60)   
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4.3.3.2. Mode of transport 

With reference to the mode of transport used by nurses (see Figure 12), the majority 

of nurses use private transport to commute to and from work across the three 

healthcare facilities (n = 31; 60.78%), while the rest of the nurses who responded used 

public transport (n =8; 15.69%), a combination of public and private transport (n = 4; 

7.84%) or commuted by foot (n =4; 15.69%). 

 

Figure 12: Mode of transport used by nurses to commute daily (n = 51; 100%) 

 

With reference to the mode of transport used by nurses across the three shifts (as 

shown in Figure 13), nurses predominantly used private transport to commute to and 

from work, whilst sometimes using public transport, a combination of public and 

private, or commute by walking. Comparing all three shift types, a significant difference 

H (2) = 10.49, p = 0.0165 was found between permanent night and rotating shift 

nurses, showing that rotating nurses were more likely to use private and public 

transport more than permanent night nurses.  
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Figure 13: Mode of transport used by nurses working permanent night (n = 20; 
39.22%), rotating (n = 13; 25.49%), and day shift (n = 18; 35, 29%) 

 

Nurses across the three facilities generally feel safe (see Figure 14) while commuting 

to and from work for different shifts. Safety concerns (quite often), however, increased 

when commuting to night shift (n  = 9; 24.32%) compared with commuting to day shift 

(n  = 3; 8.33%). 

Figure 14: Nurses’ perceptions of safety when commuting between different day (n = 
39; 76.48%) and night (n = 37; 72.55%) shifts, across the three healthcare facilities (n 
= 50) 
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subsequent sleep duration, reported required amount of sleep for adequate daily 

functioning, sleep quality and disturbances, naps taken on shift or on the day of shift, 

and the use of sleeping aids.  

4.4.1. Sleep duration 
With reference to the sleep durations in Table 9, all nurses have reported needing a 

median of 7 hours and 30 minutes (IQR 7 to 8 hours) of sleep per day for daily 

functioning. The sleep and wake times informing the sleep duration obtained by nurses 

shows that all nurses working day shifts are sleeping for 15 minutes less than on days 

off and 30 minutes less than the self-reported required amount of sleep. Similarly, 

nurses working night shifts are sleeping for 1h and 15 min less than on off days and 

sleeping 1 hour and 30 minutes less than the self-reported amount of sleep needed. 

Nurses working day shifts slept 30 minutes later on days off, while night shift nurses 

reported sleeping at night on off days, instead of during the day. Nurses working day 

shifts woke up 2 hours and 15 minutes later on days off, while night shift nurses woke 

up 7 hours and 45 minutes earlier on days off. 

Table 9: Sleep and wake times, sleep duration and reported sleep required for all shift 
nurses, and nurses working the three different shifts. 

 

With reference to the sleep and wake times, and self-reported sleep durations shown 

in Table 10, only comparisons between those who work the same type of shift could 

be made.

Variable All shift nurses 
Sleep Times N (%) Mdn (IQR25-75%) 

Day shift 36 (70.59) 22h00 (22h00-22h30) 
Night shift 30 (58.82) 09h00 (08h30-10h00) 
Days off 41 (84.31) 22h30 (22h00-23h00) 

Wake times   

Day shift 35 (68.63) 05h00 (04h30-05h15) 
Night Shift 30 (58.82) 15h00 (13h00-16h00) 
Days off 46 (90.2) 07h15 (06h00-09h00) 

Sleep duration   

Day shift 38 (74.51) 7 (6.5-7) 
Night shift 25 (49.02) 6 (5-7.5) 
Days off 42 (82.35) 7.25 (7.75-11) 

Reported sleep required 45 (88.24) 7.5 (7-8) 
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Table 10: Sleep and wake times, sleep duration and reported sleep required for nurses working permanent night, rotating and day 
shifts. a denotes a significant difference (p<0.05) between permanent and rotating nurses, and b denotes a significant difference (p<0.05) 
between rotating and day shift nurses, on days off 

 

Permanent night nurses (Md = 15h00, n = 17) reported waking up significantly earlier than rotating nurses after a night shift (a) U = 
14.5, z = 3.52 p = 0.0004. Looking at sleep duration, rotating shift nurses reported sleeping significantly longer (Md = 11, n = 11) 

than day shift nurses on days off (b) U = 36.5, z =-1.999, p = 0.045. There were no other significant differences between the 

different shift types. 

 Permanent night Rotating Day 
Variable N (%) Mdn (IQR25-75%) N (%) Mdn (IQR25-75%) N (%) Mdn (IQR25-75%) 

Sleep Times       
Day shift   12 (92.31) 22h08 (22h00-22h30) 15 (83.33) 22h00 (22h00-22h30) 
Night shift 17 (85) 09h00 (08h30-10h00) 10 (76.92) 09h45(09h00-11h00)   
Days off 18 (90) 22h15 (21h00-23h00) 12 (92.31) 22h23(21h00-23h00) 13 (72.22) 22h00 (22h00-23h00) 

Wake times       
Day shift   12 (92.31) 04h45 (04h15-05h00) 15 (83.33) 05h00 (04h30-05h30) 

Night Shift 17 (85) 15h00 (13h00-16h00) a 10 (76.92) 16h30 (16h00-17h00) a   
Days off 19 (95) 08h00 (06h00-09h00) 13 (100) 08h00 (06h30-09h00) 14 (77.78) 06h30 (05h30-07h30) 

Sleep duration       
Day shift   12 (92.31) 6.63 (6.13-7) 13 (72.22) 7 (6.5-7) 
Night shift 14 (70) 6 (5-8.5) 8 (61.54) 7 (6.63 – 7.75)   
Days off 19 (95) 8 (6-9) 11 (84.62) 11 (8-12.5) b 13 (72.22) 8 (7-9) b 

Reported sleep  
required 18 (90) 7 (7-8) 13 (100) 8 (7.5-8) 14 (77.78) 7.5 (7-8) 
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4.4.2. Sleep disturbances 
With reference to sleep disturbances displayed in Table 11, nurses in the overall 

sample reported experiencing low sleep disturbance with a median score of 34 (IQR 

22 to 62). Nurses working day shifts experienced higher sleep disturbances with a 

median score of 18 (IQR 14 to 21) than nurses working night shifts 16 (IQR 14 to 21). 

Nurses experience low disturbances on days off with a median score of 14 (IQR 12-

18) No significant differences were found between day and night shifts, while 

significant differences were found for sleep disturbances on days off H (2) = 6.02, p = 
0.049. 

Table 11: Total sleep disturbance scores and sleep disturbance score per shift for all 
shift nurses (a higher score indicates greater sleep disturbances) 

 

 

 

 

 

 

 

With reference to the sleep disturbances of nurses working different shift 

arrangements in Table 12, nurses who work rotating nights have greater total sleep 

disturbances compared with permanent night and day shift nurses, however no 

significant differences were found between the different shift arrangements for the total 

sleep disturbance score, on day shifts, or on night shifts. Rotating nurses however, 

had significantly more disturbances on days off (c) U = 47.5, z = 2.23, p = 0.026 
(Appendix G) compared with permanent night nurses. When comparing the individual 

questions determined the sleep disturbance scores, rotating shift nurses had 

significantly poorer sleep quality than permanent night nurses on days off U = 40.5, z 
= 2.21, p = 0.026 (Appendix G). 

. 

 All Shift nurses 

Variable N (%) Mdn (IQR25-75%) 

Total Sleep disturbance score 49 (96.07) 34 (22-62)  

Sleep disturbance per shift   

Day 37 (72.55) 18 (14-21) 

Night 34 (66.67) 16 (14-21) 

Days Off 40 (78.43 14 (12-18) * 



74 
 

Table 12: Sleep disturbance scores for nurses working permanent nights, day shift with rotating nights, and nurses who are 
unassigned to a specific shift. c denotes a significant difference (p<0.05) between permanent night and rotating nurses. 

 

 

 

 

 

 

4.4.3. Naps 

Figure 15: Average duration of naps taken by nurses either at work or at home across the three healthcare facilities for day (n = 11; 
21.57) and night shifts (n = 8; 15.69), and days off (n = 15; 29.41) 

 Permanent night shift Rotating shift Day shift 

Variable N (%) Mdn (IQR25-75%) N (%) Mdn (IQR25-75%) N (%) Mdn (IQR25-75%) 

Total Sleep disturbance score 20 (80) 27.5 (21.5-40.5) 13(100) 43 (29.25-53.63) 16(88.89) 32 (21-50.5) 

Sleep disturbance per shift       

Day   12(92.31) 19.5 (17.5-22.5) 16(88.89) 15 (13-21) 

Night 16 (80) 16 (15-18) 11(84.62) 18 (16-23)   

Days Off 16 (80) 12.5 (9.5-16) c 12(92.31) 17.5 (15-21) c 12(66.67) 12 (0-14) 
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With reference to naps taken on or off duty in Figure 15 above, while no significant 

difference were found, nurses reported having longer naps on days off (2 h and 4 min 

± 1 h and 1min) compared to day (1 h and 52 min ± 1 h and 4 min) and night shifts (1 

h 40 min  ± 1 h and 5 min). 

4.4.4. Sleeping aids 
With reference to the use of sleeping pills, the majority of nurses “almost never” used 

sleeping pills to fall asleep between successive day shifts (n = 26; 79%), successive 

night shifts (n = 23; 81.25%) and successive days off (n = 27; 79.41%). No significant 

differences were found between different successive shifts/days off.  

Figure 16: Use of sleeping pills between successive day (n = 33; 68.63%), night shifts 
(n = 32; 60.78%), and days off (n = 34; 66.67%) by nurses employed at the three 
healthcare facilities 

With reference to the use of alcohol to sleep in Figure 17, the majority of nurses 

“almost never” used alcohol to sleep between successive day shifts (n = 32; 94.12%), 

successive night shifts (n = 31; 93.93%), or successive days off (n = 30; 80.71). No 

significant differences were found between the different successive shifts/days off. 

0

20

40

60

80

100

Between successive
day shifts

Between successive
night shifts

Between days offFr
eq

ue
nc

y 
of

 re
sp

on
se

s

Use of sleeping pills

Almost never Rarely Sometimes Frequently Almost always



76 
 

 

Figure 17: Nurses’ use of alcohol to sleep on the between successive day (n = 
34;66.67%), night shifts (n = 33;64.71%), and days off (n = 35;68.63) employed at the 
three healthcare facilities 

4.5. WORKLOAD 
The results below describe the physical and mental workload, emotional stress and 

time pressure experienced by all nurses in comparison with colleagues, as well as 

nurses working the three different shifts.S 

Table 13: Shift nurses the nurses’ perceived physical and mental workload, emotional 
stress and time pressure in comparison with colleagues of the same workload, across 
the three private facilities. Likert scale responses score from 1= Extremely light to 5= 
extremely heavy 

 

  

 

 

 

 

 

With reference to workload variables in Table 13 above, all shift nurses reported that 

their physical and mental workload on day shift was greater than night shift; whereas 

they found that emotional stress and time pressure was greater during night shift 

compared with day shift. 
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Variable All shift nurses 
Workload N (%) Mdn (IQR25-75%) 

Physical   

Day 38 (74.51) 4(3-4) 
Night 36 (70.59) 3(3-4) 

Mental   
Day 37 (72.51) 4 (3-4) 

Night 37 (72.51) 3 (3-4) 
Emotional stress   

Day 38 (74.51) 3 (3-4) 
Night 36 (70.59) 4 (3-4) 

Time pressure   
Day 38 (74.51) 3 (3-4) 

Night 38 (74.51) 4 (3-4) 



77 
 

No significant differences were found for the four variables displayed in Table 4 between day and night shifts. 

With reference to the different workload variables displayed in Table 14, no significant differences for all workload variables were 

found between groups. Permanent day shift nurses reported the highest median physical workload of 4 (IQR 3 to 4) between the 

three different shift arrangements. Permanent night shift nurses and day shift nurses both reported that their mental workload was 

heavier during their respective shifts (both Md = 4; IQR 3 to 4) compared to rotating shift nurses working both day and night shifts. 

Rotating shift nurses and permanent day nurses reported similar emotional stress and time pressures that were “quite heavy”, more 

than permanent night nurses, while permanent day nurses reported higher physical and mental workloads compared with rotating 

nurses and mental workload was reported to be “about the same” for both day and night shifts.  

Table 14: Nurses’ perceived physical and mental workload, emotional stress and time pressure in comparison with colleagues of 
the same workload when working separated by the type of shift worked. Likert scale responses score from 1= Extremely light to 5= 
extremely heavy. 

Variable Permanent night Rotating shift Permanent day 
Workload N (%) Mdn (IQR25-75%) N (%) Mdn (IQR25-75%) N (%) Mdn (IQR25-75%) 

Physical       
Day   12 (92.31) 3.5 (3-4) 17 (94.44) 4 (3-4) 

Night 17 (85) 3 (3-4) 12 (92.31) 3 (3-3.5)   
Mental       

Day   12 (92.31) 3.5 (3-4.5) 17 (94.44) 4 (3-4) 
Night 17 (85) 4 (3-4) 11 (84.62) 3 (3-5)   

Emotional stress       
Day   12 (92.31) 4 (3-4.5) 17 (94.44 4 (4-4) 

Night 15 (75) 3 (2-4) 12 (92.31) 4 (3-4)   
Time pressure       

Day   12 (92.31) 4 (3-4) 17 (94.44) 4 (3-4) 
Night 17 (85) 3 (3-4) 11 (84.62) 4(3-4)   
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4.6. CHRONIC FATIGUE  
With reference to chronic fatigue scores displayed in Table 15, day shift nurse working 

rotating shifts scored higher on the chronic fatigue score (Md = 30; IQR 21 to 30) than 

permanent night and permanent day shift nurses, with permanent night nurses (Md = 

24; IQR 18.5 to 30.5) experiencing the least chronic fatigue. However, there were no 

significant differences across the different shift types.  

Table 15: chronic fatigue scale scores for all nurses, and nurses working permanent 
night, rotating, and day shifts. A higher score indicates greater chronic fatigue. 

 

When asked “what other observations around sleep and fatigue that were not covered 

in the sleep disturbance questionnaire and chronic fatigue scale (n =13; 25.49%)., it 

was reported that if nurses chose to work shifts, they did not experience any changes 

to their sleep and fatigue. Otherwise, nurses reported disturbances such as insomnia, 

sleep fragmentation, and general tiredness.  

4.7. MORNINGNESS/EVENINGNESS 
Regarding the morningness/eveningness or chronotype scores of the nurses in Table 

16 below, n = 28 (62.22%) nurses in the general sample scored between 23 and 43 

indicating that nurses are more likely to be an intermediate chronotype, while the rest 

are considered “morning type” (n = 16; 36.36%). No evening chronotypes were 

identified. More permanent night nurses were identified as intermediate chronotypes 

(n = 13; 68.42%) in comparison with rotating (n = 8; 61,54%) and day shift nurses (n 

= 8; 53.33%). 

 

 

 Chronic fatigue score 

All shift nurses 
N(%) Mdn (IQR 25-75%) 

37 (88.23) 28 (18-30) 

Shift type N(%) Mdn (IQR 25-75%) 
Permanent Night shift 16 (80) 24 (18.5-30.5) 

Rotating nurses 11 (84.62) 30 (21-32) 

Permanent Day shift nurses 10 (55.56) 27 (16-33) 
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Table 16: Chronotype of nurses working permanent night shift, day shift with rotating 
nights, and nurses unassigned to a specific shift. Evening types have a score of ≤22, 
intermediate scores are between 23-43, and Morning type scores are ≥44  

 

  

Variables Chronotype Morning Intermediate 

 N (%) Mean (±SD) N (%) N (%) 

All shift nurses 45(88.24) 40 (± 5.66) 17 (37.78) 28 (62.22) 

Shift Type     
Permanent Night shift 19 (95) 39 (± 5.78) 6 (31.58) 13 (68.42) 

Rotating shift 11 (84.62) 40 (± 4.16) 3 (27.27) 8 (72.72) 

Permanent Day shift 15 (83.33) 42.4 (± 6.33) 8 (53.33) 7 (46.67) 
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CHAPTER V 
DISCUSSION 

5.1. OVERVIEW 
This chapter discusses the key findings and implications of the results obtained in 

relation to the objectives of this study. Due to the limited research regarding the 

different shift arrangements used in healthcare in South Africa, it was imperative to 

contextualise and understand the impact of the current shift work arrangements on 

private health care nurses’ self-reported sleep-wake behaviours and fatigue.  

The first aim was to characterize the shift arrangements adopted by three private 

healthcare facilities. The second objective was to determine the impact of the different 

shift arrangements on the relevant nursing group’s sleep-wake behaviours and fatigue. 

Throughout, findings from the thematic analysis are included in the discussion of 

quantitative data. Regarding hypothesis one the researcher tentatively rejects H0 and 

accepts H1 as there is a difference between the shift arrangements and sleep wake-

behaviours. Regarding the second hypothesis, the researcher accepts H0 and rejects 

H1 as there was no difference between shift arrangements and fatigue experienced by 

nurses. 

Key findings of the general sample that work shifts (day and/or night) are discussed 

first, followed by the key findings of specific shifts arrangements (permanent night shift, 

rotating shift, and permanent day shift). 

5.2. KEY FINDINGS OF THE GENERAL SAMPLE 

5.2.1. Shift characteristics  
The 51 nurses who completed the questionnaire reported working mostly regular 12-

hour day and/or night shifts, where day shifts start at 07h00 and end at 19h00, and 

night shifts start at 19h00 and end at 07h00. Nurses in the general sample worked a 

median of 42 hours per week, working up to 12 hours of paid overtime and two to 

seven hours of unpaid overtime per week (Table 3). In the general sample, nurses 

working day shifts reported working a range of two to five successive shifts, while 

nurses working nights work more consecutive shifts ranging between five and seven. 

Nurses working night shifts work a median of 165 nights a year. The general sample 

reported a range of two to six successive days off.  
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In support of the findings of this study, regular shift systems are more common in 

healthcare (Ball et al., 2017; Costa et al, 2014; Dall’Ora et al., 2022), where the start 

and end times were the same as other studies on hospital nurses in other contexts 

(Petrov et al., 2014; Rogers et al., 2004; Wilson et al., 2019), and a review on nurses 

in European countries (Garde et al., 2019). Regular shift systems are necessary in 

healthcare to ensure the continuity of staff to provide care over a 24-hour period (Ball 

et al., 2017), especially when there is a shortage of nurses (Griffiths et al., 2014). With 

reference to the number of successive shifts, the findings of this study were similar to 

consensus from a review by Garde and colleagues (2019), where night shift nurses 

worked five or more consecutive shifts, while nurses in other studies worked nights for 

two (Haluza et al., 2018) or three consecutive shifts. Paid and unpaid overtime is less 

in this sample of nurses compared to a study on Egyptian nurses (Saleh et al., 2018), 

but given that this was only one question, it may be difficult to determine why this 

difference existed. 

The general sample of nurses in this study felt that they had better control of their shift 

system, with a little less than 60% of nurses’ responses between “a fair amount” and 

“complete” control over their shift system. On the other hand, the general sample felt 

that they had less control over the start and end times of their shift systems, with a 

little over 60% of responses between “none” and “a fair amount”. Looking more deeply 

into control over the shift system, nurses could request to work specific shifts more 

than they were required to swop shifts with colleagues or required to change the roster 

on short notice, indicating some degree of flexibility, albeit not much. With less control 

over shift systems, nurses may have less opportunities for recovery, sleep and 

reducing fatigue (Edéll-Gustafsson et al., 2002; Gander et al., 2019; Gifkins et al., 

2020). The implications of this will be discussed later in this chapter. 

When establishing the reasons for nurses working shifts, most responses included: 

part of the job, convenient for their domestic responsibilities, and higher rates of pay. 

Nurses, regardless of the type of shift they worked, found that their regular shift system 

allowed them to plan daily and weekly activities to suit their various domestic and 

personal responsibilities, as well as giving them an opportunity to spend time with their 

families and to attend to their domestic responsibilities. In addition, the reason of 

“higher rates of pay” is supported by excerpts of the advantages where nurses 

expressed receiving higher rates of pay associated with working night shifts. 
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The nurses’ reasons for working shifts in this sample are similar to those found in other 

studies (McElroy et al., 2020; Zion et al., 2018) where nurses worked shifts because 

they were convenient for domestic responsibilities. Also like this study, Zion and 

colleagues (2018) found that nurses, particularly those who choose to work night 

shifts, are better able to plan and match their shift schedules with various daily and 

social activities, and domestic responsibilities. However, this was not consistent with 

some of the disadvantages outlined by some nurses, particularly around how their shift 

system interfered with their ability to fulfil certain domestic and social obligations. 

These findings support a range of literature that has reported the impact that shift work 

may have on work-life balance (Geiger-Brown, et al., 2012; Korsiak et al., 2017; 

Saksvik et al., 2011; West et al., 2016), but given that it was not a central focus of this 

study, more detailed and targeted research in this area is warranted.  

5.2.2. Sleep-wake behaviours of the overall sample 

5.2.2.1. Sleep duration 

Respondents in the general sample reported needing a median of seven and a half 

hours of sleep for adequate daily functioning, with sleeping time reported for the day 

shift and night shifts being less than that required. This was supported by the 

disadvantages of shift systems where nurses complained of not having enough time 

for sleep and recovery.  

While there may be many reasons for this observation, in the general sample, nurses 

reported working 12-hour regular shifts, while working up to 12 hours of paid overtime 

and up to 7.26 hours of unpaid overtime per week in addition to working 12-hour shifts. 

This is supported by an excerpt from the disadvantages of nurses’ shift systems 

(Figure 9) where nurses reported working up until 21h00, two hours after the shift has 

ended. While regular shift systems give nurses greater opportunity for rest and 

recovery (Gao et al., 2020), extended hours of work (12-hours), often result in 

extended periods of wake, and thus shorter periods available for sleep (Knauth, 2007). 

Twelve-hour shift workers, particularly night workers, often need to adjust their sleep 

onset and wake times to accommodate for working long hours (Costa, 2010; Knauth, 

2007; Rosa et al., 1996). Furthermore, overtime is common in healthcare with previous 

research highlighting that it is often a time during which nursing staff compete 

managerial and administrative tasks (Rogers et al., 2004; Saville et al., 2020; Stimpfel 
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et al., 2012). which in turn contributes to a shortened overall time for recovery post 

shift (Åkerstedt & Wright 2009; Williamson & Friswell, 2013) and shorter sleep 

durations (Saleh et al., 2018). Thus, it is plausible that both day and night shift nurses 

are consistently working beyond 12-hours extended their period of wake, shifting their 

sleep onset time, and subsequent shorter sleep, which may explain why all nurses are 

sleeping less than their self-reported needed sleep. 

With specific reference to nurses who reported working night shifts, this group reported 

sleeping less than the self-reported required sleep needed and less than the generally 

recommended amount of sleep. In comparison to other studies (Geiger-Brown et al., 

2012; Hirsch-Allen et al., 2014; James et al., 2020; Molzof et al., 2019), nurses working 

night shifts in this sample reported sleeping slightly longer (between 15-40 minutes), 

however still less than the recommended hours of sleep. This may have been due to 

the fact that the sleep duration, in this study, was calculated by the bed and wake 

times and did not consider any sleep latency measures. In contrast to the findings of 

this study, two studies found that night nurses were receiving seven hours of sleep, in 

line with the recommend sleep (Heath et al., 2019; Wilson et al., 2019).  

Shorter sleep found among night shift workers has previously been attributed to 

working when biologically inclined to sleep (Monk, 1989), and sleep during a period of 

circadian wake (Niu et al., 2017). Additionally, studies have stated that when night shift 

nurses are attempting to sleep during the day, they are often interrupted by the daily 

activities of members of the household, noise, and an exposure to light and ambient 

temperature (Niu et al., 2017), which was consistent with the disadvantages outlined 

by some nurses in this study, particularly around the negative impact the noise, light 

and ambient temperature had on sleep. Furthermore, the shorter sleep in those who 

worked night shift may have been due to the longer commute that some night nurses 

had to make, in comparison to those who worked day shift. It is plausible to infer that 

nurses working night shifts in this sample are sleeping less due to both circadian 

desynchrony and exposure to exogenous factors restricting sleep following night 

shifts.  

With regard to day shift nurses, this group reported sleeping (on average) 30 minutes 

less than the self-reported required sleep needed. Sleep duration for day shift nurses 

of seven hours in this study was similar to the findings of other studies on nurses in 
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other contexts (Dorrian et al., 2006; Wilson et al., 2019), while receiving 15 (Hirsch-

Allen et al., 2014), and 20 (James et al., 2020) minutes more than other groups of 

American day shift nurses, and 1 hour and 15 minutes more than another group of 

nurses working day shift (Geiger- Brown et al., 2012). The reasons for day shift nurses 

obtaining shorter sleep are less obvious than those for night shifts nurses but may be 

the result of these nurses having to wake up early (a median of 05h00) to get to work 

on time. Previous research has highlighted that early starts often result in truncated 

sleep due to people struggling to fall sleep, sleeping fitfully and prematurely waking 

before they should (Costa, 2010). 

All shift nurses, regardless of the shift worked, were sleeping more on days off than 

the self-reported required sleep, with some nurses in the overall sample sleeping for 

up to 11 hours. This corresponds with previous research which found that nurses often 

receive less sleep on duty days than on off duty days (Dorrian et al., 2011; James et 

al., 2020; Madide, 2003), with a duration of up to nine hours of sleep being quite 

common on days off. Nurses in this sample are sleeping less on days off compared 

with previous studies (Hirsch-Allen et al., 2014; James et al., 2020; Molzof et al., 2019) 

whose nurses slept for eight hours, and more sleep than shift nurses in one study 

(Geiger-Brown et al., 2012). The longer sleep duration on days off is in alignment with 

previous literature that has reported on the effects of 12-hour shifts, where sleep loss 

may accumulate over consecutive shifts. In this study, ay shift nurses reported working 

up to five consecutive shifts, and night shift workers working up to seven consecutive 

shifts. Previous research has reported that sleep loss can accrue over consecutive 

shifts, particular shifts that involve having to work at night and wake early (Geiger-

Brown et al., 2012). While not explored explicitly in this study, it plausible that nurses 

may have been suffering from sleep debt as a result of accumulative sleep loss on 

duty days, which in turn warranted nurses sleeping longer on rest days (catching up 

on sleep) (Dorrian et al., 2011; Overeem et al., 2007; Wilson et al., 2019).  Future 

research should explore this in more detail and determine whether any cumulative 

deficits in sleep are associated with changes in performance ability, given that this 

may influence the delivery of care.  

5.2.2.2. Sleep disturbances of the general sample 

The general sample of nurses was found to be experiencing low-medium total sleep 

disturbances. While there were no significant differences found between day and night 
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shifts, disturbances for nurses working day shifts were higher than for those working 

night shifts, with nurses experiencing the least disturbances on days off. 

In relation to previous research, the total sleep disturbance score for the general 

sample in this study was considerably lower compared with other studies (Korompeli 

et al., 2013; Korompeli et al., 2014), slightly lower than one study (Costa et al., 2014), 

and moderately higher than another study (Saleh et al.,2018).  

This finding was unexpected as previous research has noted that nurses working night 

shifts experience greater disturbances to their sleep due to circadian (Costa, 2010), 

environmental and lifestyle factors (Korompeli et al., 2013; Niu et al., 2017; Zion et al., 

2018). The higher sleep disturbances in the day workers may be explained by the 

disadvantage expressed by some day nurses was that number of days off were 

insufficient and that days off were not a long enough period for rest, especially on 

weekends which may explain the higher disturbances among day shift nurses even 

though there were no significant differences. Furthermore, nurses in this sample 

reported that often tend to family and complete domestic chores after their shift, which 

may be contributing total sleep time and sleep disturbances, however this was not 

explicitly explored in this study and warrants future research. Overall, the lack of 

significant differences between the different shifts may be explained by the regularity 

of shift systems, which enable nurses to plan their rest and recovery in relation to their 

respective shift schedules. 

5.2.2.3. Workload of the general sample 

In the general sample, nurses working day shifts experienced higher reported physical 

and mental workloads compared with night shift nurses, while the latter experienced 

greater emotional stress and time pressure than day shift nurses, even though this 

was not statistically different. The moderate to high workload observed across the 

different shifts may be explained by some of the disadvantages that nurses shift 

systems where nurses felt they were working under pressure and that the workloads 

on 12-hour shifts are heavy. The reported high workloads, emotional stress and time 

pressures for the general sample were likely due to the dynamic and sometimes 

unpredictable nature of nursing, the different levels of care required for different 

patients and the non-patient related work across the different facilities (Alghamdi, 

2016; Halter et al., 2017; Hayes et al., 2012), at a time when health care was under 
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severe strain due to the effects of the COVID-19 pandemic. While there were no 

significant differences, physical and mental workloads were higher among those who 

worked day shifts compared to those who reported working night shifts, thus it is 

plausible to attribute higher physical and mental workloads for day shift nurses to more 

direct patient care during the day. Similarly, while not explored explicitly in this study, 

patients are usually asleep during night shift, resulting in less direct patient care that 

involves physical and mental exertion (West et al., 2016).  

Although not significant, an interesting finding is that nurses working night shifts 

reported experiencing higher emotional stress and time pressures than nurses working 

day shifts. It was expected that increased direct patient care during the day involving 

more emotional support to patients would result in higher emotional stress/emotional 

exhaustion for nurses working day shifts (Aslani & Bahmani, 2020; Dall’Ora et al. 2020; 

Stimpfel et al., 2012). Nurses working nights in the general sample expressed that 

their colleagues did not always act professionally and that there is a level of disrespect 

on duty, which may further contribute to emotional stress. Nurses in the general 

sample stated that patients may be confused and there is a higher chance of falling-

incidents at night, which may contribute to the emotional stress experienced (also 

supported by West and colleagues, 2016). In addition, nurses working night shifts 

stated a shortage of staff as a disadvantage of their shift system and that changes in 

rostering may occur on short notice. Although not assessed in this study, these 

organisational factors may add to the time pressure of night nurses as there are not 

enough nurses to efficiently distribute tasks to be completed timeously. It is reasonable 

to attribute the dynamic nature of nursing requiring different levels of care for different 

patients, non-patient related work (Alghamdi, 2016; Halter et al., 2017; Hayes et al., 

2012), and organisational factors as contributing to higher physical and mental 

workloads, emotional stress, and time pressure. 

5.2.2.3. Chronic fatigue of the general sample 

With reference to the chronic fatigue score, nurses were feeling moderately fatigued 

with a score of 28. This was consistent with previous research that has used the SSI 

than nurses in other studies (Korompeli et al., 2013; McElroy et al., 2020; Ruggerio, 

2003; Saleh et al., 2018).  
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Given that fatigue is multi-faceted and difficult to attribute to a particular issue, the 

degree of fatigue experienced by nurses in this cohort may be explained by some of 

the disadvantages that nurses reported such as having to work long hours that are 

tiring and strenuous. The combination of long hours, shorter sleep, moderate total 

sleep disturbance scores, higher sleep disturbance scores, mental and physical 

workloads on day shifts, and higher emotional stress and time pressure on night shifts 

in this sample of nurses may explain why nurses were experiencing moderate chronic 

fatigue. However, this likely needs further and more in-depth study in future research.  

5.3. KEY FINDINGS FOR DIFFERNET SHIFT PATTERNS 

5.3.1. Shift characteristics per shift type 
Following data collection, it emerged that there were three distinct shift arrangements 

employed in the three healthcare facilities. These shift arrangements were categorised 

into three types of shifts: permanent night, rotating, and day shift, by cross referencing 

answers to “on average, how many nights do you work per year” and “how are these 

night shifts organised”.  

Like the general sample, regardless of the shift arrangement, nurses work regular, 12-

hour shifts with the same start and end times for shifts as stated for the general 

sample. Permanent night nurses work seven consecutive night shifts with seven days 

off, more than rotating nurses who work four to seven consecutive night shifts (Table 

5) with two to three successive days off. The consecutive nights worked by permanent 

nurses, and consecutive days off are more than those captured in previous research 

(Seong et al., 2021) who work two to four consecutive days, with a minimum of two 

days off. The differences in the way in which consecutive shifts for permanent night 

staff and rotating nurses working nights is unknown and should be explored further in 

future studies.  

With regard to overtime hours, rotating nurses are working more paid, overtime hours 

per week than both permanent day and night shift nurses, whereas permanent night 

nurses work more unpaid overtime hours per week (Table 5). While not significant, 

permanent day shift nurses have more control of their shift systems overall compared 

with both rotating and permanent night shift nurses. Rotating nurses, however, had a 

significantly greater degree of unpredictability when required to change their roster on 

short notice (Figure 4) compared with permanent night and day staff. Furthermore, 
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rotating nurses had significantly more flexibility than permanent day shift nurses when 

requesting to work specific shifts (Figure 5). These two aspects of rostering may 

account for why rotating shift nurses may accumulated more overtime hours by being 

able to request to work more shifts especially when there is a shortage of and 

subsequent need for current nurses to work additional shifts, especially at night.  

5.3.2. Sleep-wake behaviours between shift groups 

5.3.2.1. Sleep duration 

All shift nurses were sleeping less than the self-reported required sleep needed, with 

no significant differences between groups. While not significant, permanent night staff 

reported sleeping the shortest across all shift arrangements, and rotating shift nurses 

were sleeping for shorter periods on day shifts, relative to permanent day shift workers.  

Permanent night shift nurses’ sleep duration was similar to the sleep duration of one 

study (Chung et al., 2011), longer than sleep durations in other studies (Geiger-Brown 

et al., 2012; Hirsch-Allen et al., 2014; James et al., 2020; Molzof et al., 2019), and 

shorter than in four other studies (Dorrain et al., 2006; Heath et al., 2019; Seong et al., 

2022; Wilson et al., 2019). This contrasts with some studies where sleep duration is 

less than six hours (Chung et al., 2011; Hirsch-Allen et al., 2014; James et al., 2020; 

Molzof et al., 2019). 

While there are many reasons for this shortened sleep, it may be attributed to 

permanent night nurses waking up significantly earlier (between night shifts) than 

rotating nurses working night shifts. Although permanent night nurses are waking up 

significantly earlier than rotating nurses, no significant differences between permanent 

and rotating nurses were found for the question “Do you ever wake up earlier than 

intended?” Permanent night nurses are required to permanently sleep during the day 

on their duty days, making it difficult to obtain adequate sleep duration when biological 

inclined to be awake and alert during the day (Monk, 1989; Niu et al., 2017). 

Additionally, permanent night nurses work more overtime hours than both rotating 

nurses and day shift nurses. More overtime may have contributed to shorter quick 

returns and subsequent shorter sleep post-night shift (Costa et al., 2014; Vedaa et al., 

2015).  

The sleep duration for permanent day nurses was similar to the results of the general 

sample working day shifts, and other studies where nurses are sleeping for seven 
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hours on average on day shifts (Wilson et al., 2019) and seven to eight hours on days 

off (Hirsch-Allen et al., 2014; James et al., 2020; Molzof et al., 2019). While this is at 

the lower end of what is recommended for adults, the ability to sleep during the 

biological night likely contributed to the reported sleep duration.  

With respect to the rotating nurses, this study found that their sleep was longer on both 

day and night shifts compared with nurses in other studies that compared rotating 

nurses with fixed night and fixed day shift nurses (Chung et al., 2011; Min et al., 2021) 

which may have to do with the different contextual factors. In comparing the sleep 

duration for rotating and permanent day shift nurses, there was a lack of significant 

differences found which may be attributed to both groups of nurses having regular shift 

systems with the same start and end times, ultimately requiring both groups to wake 

up early for their shifts. 

With reference to sleep duration on days off, all nurses reported sleeping more than 

the self-reported required amount, with rotating shift nurses reported sleeping for three 

hours more than permanent night and permanent day staff, sleeping significantly 

longer than permanent day nurses only. The difference in sleep duration between duty 

and off duty days is in line with previous literature (Dorrian et al., 2011; James et al., 

2020; Madide 2003) and demonstrates that although total sleep did not differ between 

the three different shifts types (during duty day and night shifts) the nurses on rotating 

shifts may accumulated more sleep debt than the other groups given that they may 

have had to change their sleeping patterns following the shift rotation. This may have 

resulted in difficulties falling asleep following the change (due to circadian factors) 

which may have resulted in insufficient sleep and cumulative sleep debt. While not 

explored explicitly, the results for the sleep disturbance comparison support this 

hypothesis, but more research is necessary to fully understand the effects of the 

current shift rotation on nurse sleep.  

5.3.2.2. Sleep Disturbance  

Rotating shift nurses had higher total sleep disturbances (43) compared with 

permanent night (27.5) and permanent day shift nurses (32), although these findings 

were not statistically significant. Rotating shift nurses also had greater sleep 

disturbances on days off (17.5) compared with permanent night nurses (12.5). While 

no significant differences were found, rotating shift nurses experience greater 
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disturbances on night shifts than permanent night nurses, and experience greater 

sleep disturbances on day shifts than permanent day shift nurses. The total sleep 

disturbance score and score for day shifts for rotating nurses in this study was different 

to the findings of two studies (Ferri et al., 2016; Korompeli et al., 2013), where rotating 

nurses’ sleep disturbance score was lower than those working day shifts. 

There may be a number of reasons why sleep disturbances were higher in rotating 

shift workers compared to the permanent night and permanent day shift workers. 

While the speed and direction of rotation was not explored explicitly in this study, 

rotating shift nurses must constantly adapt their sleep-wake behaviours to both day 

and night work, which may result in circadian misalignment, subsequently negatively 

influencing sleep-wake behaviours (Costa, 2010; Deboer, 2018; Han et al., 2014; 

Korompeli et al., 2014). Day shift nurses work during natural circadian periods for 

wakefulness, therefore, do not need to adjust their circadian rhythms to work at night. 

Similarly, albeit for different reasons, sleep disturbance scores in the permanent night 

nurses may be due to the fact that over the seven consecutive nights they are required 

to work, they are able to adjust their sleep-wake cycles and experience some degree 

of entrainment important for sleep initiation and maintenance. Supported by two 

laboratory studies and one meta-analysis, is the fact that nurses working rotating shifts 

are unable to obtain good quality sleep or experience greater disturbances as they 

tolerate day and night shifts less by having to sleep and wake at different times 

according to which shifts they work (Chang & Peng, 2021; Korompeli et al., 2013; Niu 

et al., 2017). While not explored explicitly in this study, the irregularity in sleep and 

wake times may account for higher disturbances among rotating shift nurses. In 

addition, permanent night nurses may show less disturbances to their sleep-wake 

cycle attributed to nurses choosing to work night shifts (Barton 1994), which may 

enable them to plan their responsibilities and time for sleep according to their shift 

schedules, which is supported by previous research findings (Zion et al., 2018). Being 

able to plan accordingly is consistent with permanent night nurses’ advantages of their 

shift systems (Figure 8).  

Another possible reason that may explain the sleep disturbance experienced by 

rotating nurses in this sample, is that rotating nurses had greater uncertainty around 

rostering than both permanent and night shift work, where nurses had to change their 

roster on short notice and were better able to work specific shifts. The more frequent 
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changes in roster, however, may be a contributing factor restricting the recovery time 

between shifts and the ability to adapt their sleep wake-behaviours accordingly.  

Permanent night shift nurses reported receiving enough recovery time on their seven 

days off as an advantage of their shift system, allowing for adequate time for re-

adjustment of their circadian rhythms and sleep-wake regulation. Adequate time for 

sleep on days among permanent night shift nurses may be the reason why they 

experienced less sleep disturbances than rotating nurses overall. Furthermore, when 

assessing the different aspects of sleep contributing to sleep disturbances, rotating 

nurses experience significantly poorer sleep quality than permanent night nurses 

(Table 13). Poorer sleep quality, in previous research, has been identified as a 

contributing factor to greater disturbances experienced by nurses, which may explain 

why rotating nurses are experiencing more disturbances to their sleep on their days 

off (Han et al., 2014; Silva-Costa et al., 2012). In addition, it is reasonable to infer that 

the higher degree of unpredictability of rotating shift systems, number of consecutive 

shifts worked, affecting adequate recovery between shifts, requires rotating nurses 

working night shifts to sleep longer on and off duty, due to experiencing greater 

disturbances to their sleep and poorer sleep quality.  

5.3.2.3. Workload per shift group 

Nurses working permanent day shifts reported greater physical and mental workloads 

than rotating nurses working day shifts, while having similar emotional and time 

pressures, although there were no significant differences found between the different 

shift arrangements. Comparing permanent night and rotating nurses working nights, 

rotating nurses experienced greater self-reported physical workload, emotional stress 

and time pressure, while permanent night nurses reported higher mental workloads. 

The lack of significant differences between the different shift nurses may be attributed 

to working during the COVID-19 pandemic where all nurses had high workloads in an 

unpredictable environment. 

5.3.2.3. Chronic fatigue per shift group 

While the findings were not significant between the three different groups, rotating 

nurses experienced higher levels chronic fatigue, followed by permanent day shift 

workers, with permanent night nurses feeling the least fatigued. The chronic fatigue 

score for rotating nurses in this sample was higher than what was found in one study 

(Ferri et al., 2016), with a score of 26.3. It was expected that nurses working night 
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shifts, particularly permanent night nurses, would have greater chronic fatigue scores, 

in association with greater sleep disturbances (Saleh et al., 2018), however no 

significant differences were found.  

While not significant, the greater sleep disturbances observed for rotating shift nurses 

compared with the other two groups of nurses, and shorter sleep duration on day shifts 

may have an impact on the higher levels of chronic fatigue. With reference to workload 

variables, the higher workload variables observed among permanent day shift nurses 

compared with permanent night shift nurses in this sample, although not significant, 

may contribute to why permanent day shift nurses experience greater levels of fatigue.  

5.4. EFFECT OF MEDIATING FACTORS 
While it has been noted in previous research that individual factors play a role in the 

sleep-wake behaviours of nurses working shifts and tolerance to shift work (Costa, 

2010), this was not the case in this study. After performing various statistical analyses 

no significant differences were found between the individual factors of those working 

day and night shifts within the general sample, as well as between nurses of different 

shift arrangements. These are discussed, for completeness sake, below.  

5.4.5.1. Chronotype 
While not significant for the general sample and nurses working in different shift 

arrangements, the chronotype scores indicated that nurses are mostly intermediate 

chronotypes, with more morning-types observed in nurses working day shifts, and no 

evening chronotypes. The higher number of intermediate chronotypes is a consistent 

finding in previous research (Hajaghazadeh et al., 2019; Hittle & Gillespie, 2018; Saleh 

et al., 2018). The lack of evening types observed, especially in the permanent night 

group was an interesting finding. While some studies say that evening types can 

tolerate night shifts better (Papatoniou et al., 2015; Saksvik et al., 2011), other 

research has noted that evening preference is associated with greater daytime 

sleepiness, poorer sleep quality and fatigue than intermediate and morning types 

(Hajaghazadeh et al., 2019; Jung & Lee, 2015, Yazdi et al., 2014). While not explored 

explicitly in this study, both arguments do not apply to the findings of this study to 

explain the influence of chronotype on sleep disturbances between day and night shifts 

for general sample, and across the different shift arrangements The influence of 

chronotype on nurses’ sleep-wake behaviours and fatigue warrants further research.  
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5.5. IMPLICATIONS OF KEY FINDINGS 
Considering that sleep is a restorative process, ample research suggests that acute 

sleep loss may have implications for alertness and performance (Dembe et al., 2009; 

Geiger-Brown et al., 2012; Gold et al., 1992; Molzof et al., 2019; Smith-Miller et al., 

2014) and health outcomes of nurses and the patients they treat, even though this was 

not explored in this study. 

With reference to performance outcomes, shorter sleep duration and disturbances to 

sleep quality and quantity will negatively affect various cognitive process (related to 

alertness, memory attention levels and decision making) and mood which are 

necessary for the delivery of quality care (Dembe et al., 2009; Geiger-Brown et al., 

2012; Seong et al., 2021; & Wilson et al., 2019). Decrements in cognitive processes 

increase the likelihood of charting, transcription, and medication errors affecting 

patient outcomes (Dembe et al., 2009; Molzof et al., 2019; Smith-Miller et al., 2014). 

Apart from patient care, sleep- and fatigue-related reduced attention, especially with 

more consecutive shifts, increases the risk of needlestick injuries on shift (Smith-Miller 

et al., 2014; Trinkoff et al., 2007) and motor vehicle accidents post-shift (Molzof et al., 

2019).  

While shift is a necessary part of healthcare, there is ample research that has linked 

disruptive shifts schedules, sleep loss and circadian disruptions to various health 

ailments (Harrington, 2001; Kecklund & Axelsson, 2016; Moreno et al., 2019). More 

research in the context of South Africa is necessary to continue to contribute to 

understanding the complex interactions between shift work and health. Regarding 

health, circadian stress resulting in physiological stress may alter hormone levels 

(Chen et al., 2014; Korompeli et al. 2009). Altered physiological functions have been 

associated with irregular reproductive functions (Rosa et al., 2019), increased risk of 

cardiovascular and gastrointestinal disorders, and certain cancers (Papantoniou et al., 

2015). 

5.6. RESEARCH LIMITATIONS AND RECOMENDATIONS 
This study had several limitations. Firstly, the data was collected during the COVID-

19 pandemic, during the fourth wave in South Africa. This may have had several 

effects on the study including how this may affected nurses’ willingness to participate 

outside of their existing workloads. Thus, despite actively trying to recruit nurses during 
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the data collection period, the sample size was relatively small, and as a result 

underpowered. A power analysis was not conducted in this study and should be 

explored in future studies to determine the statistical power of the differences are due 

to chance or the sample size. 

Secondly, nurses complained of the length of the questionnaire and seemed less 

inclined to complete it, despite the researcher having carefully reduced the length of 

the version of the SSI used in this study compared to the full survey. Various senior 

nurses mentioned to the researcher that nurses were exhausted from documenting 

patient care throughout their shifts and that this resulted in nurses being tired of writing. 

Since the private healthcare facilities being the primary COVID-19 treating private 

facilities in East London and in consultation with the nursing and hospital managers to 

reduce possible risk of COVID-19 infection by having too many nurses in close 

contact, the researcher was unable to host formal contact sessions with the nurses to 

aid them in navigating through the questionnaires. The researcher conducted brief 

information sessions with nursing managers and nurses at nursing stations at the 

beginning of data collection and during informal walkabouts during shift changes for 

nurses to answer any questions, however no issues were raised during these 

walkabouts. Although it was initially agreed by the gatekeeper and the researchers not 

to hold in-person sessions for the completion of the questionnaire, towards the end of 

data collection, 20-minute sessions were approved and held, but were poorly attended 

by the nursing staff.  

The Standard Shiftwork Index is a self-report tool, which, while useful, may be affected 

by recall bias. It is recommended that a mixed methods approach be used for future 

studies, incorporating more objective measures such as actigraphy, subjective 

methods using sleep diaries, other validated sleep scales, the OFER scale for acute 

and chronic fatigue, and qualitative methods such as focus groups to discuss the shift 

systems and further explore the impact of shift arrangements on sleep-wake 

behaviours.  

Furthermore, the survey being cross-sectional in nature, yielded data on the acute 

effects of shift work on sleep-wake behaviour. For future research a longitudinal study 

may be beneficial for more understanding of the sleep-wake behaviours of nurses. 

Furthermore, the speed and direction of rotating shift systems could not be adequately 
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assessed using the SSI, which is important in understanding the effect of rotating shifts 

on nurses’ sleep-wake behaviours. It is therefore recommended that these two 

aspects of rotating shifts be investigated further.  

The researcher’s relationship with a senior manager at one of the healthcare facilities 

was a barrier to participation in the study. Nurses had voiced their concerns of 

participation and answers being repeated to or identified by management. Nurses 

shared that they were fearful of being reprimanded based on their answers, although 

participation remained anonymous and confidential in line with POPIA (2013). Nurses 

also shared that they were worried about sharing information regarding their shifts for 

fear of being reprimanded by nursing managers and thus were unwilling to participate, 

regardless of being assured that any information would be anonymous, would remain 

confidential, and would only be handled by the researcher. 

The quality of the data (missing data) restricted the use of the multiple logistic 

regression recommended for the Standard Shiftwork Index using TIBCO Statistica. 

This played a role in choosing to use non-parametric tests such as the Mann-

Whitney U and Kruskal Wallis to compare data between groups of nurses. 

The findings of this study are context specific and not generalizable to public 

healthcare shift nurses in South Africa, or nurses in other private facilities with different 

shift systems. The effects of shift work on the sleep-wake behaviours and fatigue of 

shift nurses in public healthcare in South Africa should be explored.  

Future research into the characteristics of shift work and sleep and fatigue could be 

used to develop effective sleep hygiene and fatigue management strategies to help 

nurses cope with working long hours. It may also be beneficial to compare the 

differences in sleep-wake behaviours and fatigue of nurses working in different wards 

of specialised care where workloads are patient-specific. In terms of the implications 

for nurses’ performance, future studies should consider investigating the prevalence 

of shift work- and sleep-related accidents and incidences during shifts, paying 

particular attention to the role of fatigue. Moreover, future studies should investigate 

the influence of chronic diseases on the sleep-wake behaviours and fatigue of nurses. 

The influence of individual factors was not assessed in this study, but future research 

should consider exploring correlations between individual factors and shift-related 

changes in sleep-wake behaviours and fatigue. Additionally, future research should 
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consider the psychosocial factors both within and outside of the workplace, paying 

attention to the support of peers and supervisors and how these factors may influence 

stress and the quality of sleep of the nurses. The psychosocial factors may be 

important for future research into fatigue management strategies.  

5.7. PRACTICAL RECCOMENDATIONS FOR THE HEALTHCARE FACILTIIES 
This study shows that the unpredictability of rotating shift systems may negatively 

affects the sleep-wake behaviours and subsequent fatigue of rotating nurses on days 

off. It may therefore be beneficial to adopt a more predictable and permanent shift 

system for rotating nurses, so they are able to plan their daily activities on duty days 

to allow for more adequate time for sleep and reduce the disturbances experienced 

on days off associated when trying to “catch up on sleep”. This is provided that it is 

operationally possible and agreed to by the nursing staff who work these shifts.  

To the researchers’ knowledge, there are no fatigue management strategies in place 

educating nurses on the effects of shift work on sleep and fatigue. It may be beneficial 

for the individual healthcare facilities or overall company, through a participatory 

approach, if sleep is a problem for nurses, and to explore the various fatigue 

management strategies to provide nurses with a comprehensive understanding of the 

effects of shift work. A fatigue management strategy and education programmes on 

the effect of shift work can be used to equip nurses with useful and necessary coping 

mechanisms to limit the adverse effects on nurses’ sleep-wake behaviours and 

possible negative performance outcomes.   
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CHAPTER VI 
CONCLUSION AND RECOMMENDATIONS 

The current study aimed to characterise nurses’ shift arrangements and determine and 

elucidate the effects of these shifts on nurses’ sleep-wake behaviours, namely sleep 

duration and disturbances, and fatigue. To date, to the best of the researcher’s 

knowledge, this is one of the few studies using the Standard Shiftwork Index with 

nurses in private healthcare facilities in South Africa to characterise the shift systems 

worked and shift work’s impact on nurses’ sleep-wake behaviours and fatigue.  

The current study, in line with previous research, irrespective of the type of shift being 

worked, on average, nurses reported receiving inadequate sleep, compared to their 

self-reported sleep need and the general recommendations. Nurses working night 

shifts, generally reported receiving less sleep than day shift nurses, with permanent 

night nurses sleeping the least between the different shift arrangements. This is likely 

attributed to a combination of those working night shifts having to sleep during a period 

of biological wakefulness, and those working day shifts waking up very early before 

their shifts. Furthermore, nurses working in a rotating shift system are experiencing 

greater self-reported disturbances to their sleep, especially on their days off, with 

higher sleep durations on off days indicating that nurses are trying to “catch up on” 

sleep. While the speed and direction of the rotation could not be accurately determined 

in this study, it may have perhaps been this rotation between day and night shifts The 

unpredictability of rotating nurse shift systems restricting the adequate adaption of 

sleep-wake cycles may be contributing to the greater sleep disturbances that they 

experience on their days off.  

Based on the findings of this study, it is recommended that the healthcare facilities 

explore the various fatigue management strategies available to ensure that nurses 

understand and limit the impact of shift work on sleep. Furthermore, it may be 

beneficial to employ a more permanent and predictable rotating shift system to limit 

the sleep disturbances experienced by the rotating shift nurses. Recommendations for 

future research include taking a longitudinal approach to understand the chronic sleep-

wake behaviours of nurses, whilst delving deeper in the speed and direction of rotating 

shift systems. Future research should adopt a mixed methods approach using both 
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subjective and objective perspectives to paint a more accurate picture shift nurses’ 

sleep and fatigue. 

These findings suggest that shift work, particularly the different shift arrangements 

employed by the three private healthcare facilities does negatively affect the sleep-

wake behaviours of by nurses in private facilities, and that the sleep wake-behaviours 

of nurses working night shifts, especially nurses working in rotating shift systems. This 

adds to a large body of literature on the effects of shift work on nurses, but points to 

the need to continue to interrogate the effects of different shift system with the intention 

of trying to find the least disruptive schedule.  

The Healthcare system continues to present numerous and complex challenges to 

those who work within, including the need for the provision of 24hour care. Considering 

that poor sleep and fatigue has and continues to contribute to various errors and 

detriments to staff and patient safety, it is imperative to explore the way shifts can be 

arranged to negate poor sleep and ensure that nurses can function as optimally as 

possible, no matter the time of day, to provide high quality care.    
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APPENDIX F – STATISATICAL ANALYSIS - KRUSKAL-WALLIS 
A comparison of age across the three different shift arrangements. 

Depe
nd.: 
Age 

Kruskal-Wallis ANOVA by Ranks; Age Independent (grouping) variable: Shift organisation 
Kruskal-Wallis test: H ( 2, N= 50) =.1778925 p =.9149 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 19 493.0000 25.94737 

2 
 

2 13 312.5000 24.03846 

3 
 

3 18 469.5000 26.08333 

 

A comparison of sex across  the three different shift arrangements. 

Depe
nd.: 
Sex 

Kruskal-Wallis ANOVA by Ranks; Sex Independent (grouping) variable: Shift organisation 
Kruskal-Wallis test: H ( 2, N= 51) =3.411093 p =.1817 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 495.5000 24.77500 

2 
 

2 13 382.0000 29.38462 

3 
 

3 18 448.5000 24.91667 

 

A comparison of marital status the three different shift arrangements. 

Depend
.: 
Marital 
status 

Kruskal-Wallis ANOVA by Ranks; Marital status Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 51) =4.341779 p =.1141 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 612.0000 30.60000 

2 
 

2 13 324.5000 24.96154 

3 
 

3 18 389.5000 21.63889 

 

A comparison of nurse category across the three different shift arrangements. 

Depend.: 
Nurse 
Category 

Kruskal-Wallis ANOVA by Ranks; Nurse Category Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 51) =.8411342 p =.6567 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 520.0000 26.00000 

2 
 

2 13 368.0000 28.30769 

3 
 

3 18 438.0000 24.33333 
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A comparison of shift regularity across the three different shift arrangements. 

Depend.: 
Regular 
shift 
system? 

Kruskal-Wallis ANOVA by Ranks; Regular shift system Independent (grouping) variable: 
Shift organisation Kruskal-Wallis test: H ( 2, N= 50) =6.236066 p =.0442 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 562.0000 28.10000 

2 
 

2 13 364.5000 28.03846 

3 
 

3 17 348.5000 20.50000 

 

A comparison of nurses’ partners’ working hours across the three different shift 

arrangements. 

Depend.: 
Partner 
Hours (H) 

Kruskal-Wallis ANOVA by Ranks; Partner Hours (H) Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 21) =.4802120 p =.7865 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 4 51.0000 12.75000 

2 
 

2 5 55.5000 11.10000 

3 
 

3 12 124.5000 10.37500 

 

A comparison of nurses’ partners’ shift patterns across the three different shift 

arrangements. 

Depend.: 
Partner 
work 
pattern 

Kruskal-Wallis ANOVA by Ranks; Partner work pattern Independent (grouping) variable: 
Shift organisation Kruskal-Wallis test: H ( 2, N= 24) =.9917321 p =.6090 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 7 92.0000 13.14286 

2 
 

2 5 72.0000 14.40000 

3 
 

3 12 136.0000 11.33333 

 

A comparison of nurses’ partners’ perceptions of nurses working shifts across the 

three different shift arrangements. 

Depend.: 
Partner feels 
towards your 
shifts 

Kruskal-Wallis ANOVA by Ranks; Partner feels towards your shifts Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 31) =1.513508 p 
=.4692 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 10 176.0000 17.60000 

2 
 

2 8 104.5000 13.06250 

3 
 

3 13 215.5000 16.57692 
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A comparison of household dependents that need looking after by the nurses across 

the three different shift arrangements. 

Depend.: 
Household 
dependents looked 
after by you 

Kruskal-Wallis ANOVA by Ranks; Household dependents looked after by you 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
43) =5.546457 p =.0625 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 19 451.0000 23.73684 

2 
 

2 9 249.0000 27.66667 

3 
 

3 15 246.0000 16.40000 

 

A comparison of nurses’ overall nursing experience across the three different shift 

arrangements. 

Depend.: 
How long 
worked as a 
nurse (Y) 

Kruskal-Wallis ANOVA by Ranks; How long worked as a nurse (Y) Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 51) =2.578883 p 
=.2754 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 452.5000 22.62500 

2 
 

2 13 328.0000 25.23077 

3 
 

3 18 545.5000 30.30556 

 

A comparison of nurses’ experience working in their present shift systems across the 

three different shift arrangements. 

Depend.: 
How long working 
in present shift 
system (Y) 

Kruskal-Wallis ANOVA by Ranks; How long working in present shift system (Y) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
50) =5.458378 p =.0653 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 19 368.5000 19.39474 

2 
 

2 13 369.5000 28.42308 

3 
 

3 18 537.0000 29.83333 

 

A comparison of nurses’ overall experience working shifts across the three different 

shift arrangements. 

Depend.: 
How long 
working shifts 
altogether (Y) 

Kruskal-Wallis ANOVA by Ranks; How long working shifts altogether (Y) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
48) =.7243101 p =.6962 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 19 436.0000 22.94737 

2 
 

2 13 310.0000 23.84615 

3 
 

3 16 430.0000 26.87500 
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A comparison of nurses’ average working hours (excluding overtime) across the three 

different shift arrangements. 

Depend.: 
Average working 
hours excluding 
overtime (H) 

Kruskal-Wallis ANOVA by Ranks; Average working hours excluding overtime (H)  
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
49) =5.211523 p =.0738 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 589.0000 29.45000 

2 
 

2 12 213.5000 17.79167 

3 
 

3 17 422.5000 24.85294 

 

A comparison of nurses’ average hours of paid overtime across the three different shift 

arrangements. 

Depend.: 
Average hours of 
paid overtime p/w 
(H) 

Kruskal-Wallis ANOVA by Ranks; Average hours of paid overtime p/w (H) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
38) =1.819589 p =.4026 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 17 352.0000 20.70588 

2 
 

2 8 177.0000 22.12500 

3 
 

3 13 212.0000 16.30769 

 

A comparison of nurses’ average, unpaid overtime hours across the three different 

shift arrangements. 

Depend.: 
Average hours 
unpaid overtime 
p/w (H) 

Kruskal-Wallis ANOVA by Ranks; Average hours unpaid overtime p/w (H) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
16) =1.283245 p =.5264 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 3 30.50000 10.16667 

2 
 

2 4 39.50000 9.87500 

3 
 

3 9 66.00000 7.33333 

 

A comparison of nurses working a second paid job across the three different shift 

arrangements. 

Depend.: 
Second 
paid job 

Kruskal-Wallis ANOVA by Ranks; Second paid job Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 51) =2.181164 p =.3360 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 472.5000 23.62500 

2 
 

2 13 364.5000 28.03846 

3 
 

3 18 489.0000 27.16667 
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A comparison of nurses’ length of career break across the three different shift 

arrangements. 

Depend.: 
Length of 
career break 
(Y) 

Kruskal-Wallis ANOVA by Ranks; Length of career break (Y) Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 26) =4.163720 p =.1247 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 10 100.5000 10.05000 

2 
 

2 6 106.5000 17.75000 

3 
 

3 10 144.0000 14.40000 

 

A comparison of nurses’ mode of transport used across the three different shift 

arrangements. 

Depend.: 
Mode of 
transport 

Kruskal-Wallis ANOVA by Ranks; Mode of transport Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 51) =10.49287 p =.0053 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 654.0000 32.70000 

2 
 

2 13 234.0000 18.00000 

3 
 

3 18 438.0000 24.33333 

 

A comparison of the total number of shifts worked before a day off across the three 

different shift arrangements. 

Depend.: 
Total no 
successive shifts 
before day off 

Kruskal-Wallis ANOVA by Ranks; Total no successive shifts before day off 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
34) =10.66655 p =.0048 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 11 279.5000 25.40909 

2 
 

2 10 129.0000 12.90000 

3 
 

3 13 186.5000 14.34615 

 

A comparison of the maximum number of shifts worked before days off in the past 

month across the three different shift arrangements. 

Depend.: 
Max no shifts 
before days off in 
the past month 

Kruskal-Wallis ANOVA by Ranks; Max no shifts before days off in the past month 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
22) =.5507147 p =.7593 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 6 79.0000 13.16667 

2 
 

2 10 109.0000 10.90000 

3 
 

3 6 65.0000 10.83333 
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A comparison of the average number of successive days off across the three different 

shift arrangements. 

Depend.: 
Average no of 
successive days 
off 

Kruskal-Wallis ANOVA by Ranks; Average no of successive days off Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 47) =10.83326 p 
=.0044 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 18 564.0000 31.33333 

2 
 

2 12 280.0000 23.33333 

3 
 

3 17 284.0000 16.70588 

 

A comparison of the weekends off per 28 days across the three different shift 

arrangements. 

Depend.: 
Weekends 
off p/28 days 

Kruskal-Wallis ANOVA by Ranks; Weekends off p/28 days Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 47) =5.955067 p =.0509 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 396.0000 19.80000 

2 
 

2 11 297.5000 27.04545 

3 
 

3 16 434.5000 27.15625 

 

A comparison of how regular nurses’ shift cycle is in weeks across the three different 

shift arrangements. 

Depend.: 
Regular shift 
cycle in 
weeks 

Kruskal-Wallis ANOVA by Ranks; Regular shift cycle in weeks Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 34) =3.600018 p =.1653 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 13 182.0000 14.00000 

2 
 

2 9 192.0000 21.33333 

3 
 

3 12 221.0000 18.41667 

 

A comparison of nurses’ perception of control over their shift system across the three 

different shift arrangements. 

Depend.: 
Control of 
shift system 

Kruskal-Wallis ANOVA by Ranks; Control of shift system Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 50) =1.903430 p =.3861 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 542.0000 27.10000 

2 
 

2 13 270.5000 20.80769 

3 
 

3 17 462.5000 27.20588 
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A comparison of nurses’ perception of control over the start and end times of shifts 

across the three different shift arrangements. 

Depend.: 
Control of 
start & end 
times 

Kruskal-Wallis ANOVA by Ranks; Control of start & end times Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 50) =.4095693 p =.8148 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 540.0000 27.00000 

2 
 

2 13 312.0000 24.00000 

3 
 

3 17 423.0000 24.88235 

 

A comparison of the days of notice given for nurses’ rosters across the three different 

shift arrangements. 

Depend.: 
Notice of 
roster 
(days) 

Kruskal-Wallis ANOVA by Ranks; Notice of roster (days) Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 37) =.2041198 p =.9030 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 16 297.5000 18.59375 

2 
 

2 9 164.5000 18.27778 

3 
 

3 12 241.0000 20.08333 

 

A comparison of how often nurses’ are required to change their roster on short notice 

across the three different shift arrangements. 

Depend.: 
required to 
change 
roster 

Kruskal-Wallis ANOVA by Ranks; required to change roster Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 48) =9.318380 p =.0095 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 18 365.5000 20.30556 

2 
 

2 13 443.5000 34.11538 

3 
 

3 17 367.0000 21.58824 

 

A comparison of how often nurses are required to swop shifts with colleagues across 

the three different shift arrangements. 

Depend.: 
Swop shifts 
with 
colleagues 

Kruskal-Wallis ANOVA by Ranks; Swop shifts with colleagues Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 48) =6.957260 p =.0309 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 18 416.5000 23.13889 

2 
 

2 13 420.0000 32.30769 

3 
 

3 17 339.5000 19.97059 
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A comparison of how often nurses can request to work specific shifts across the three 

different shift arrangements. 

Depend.: 
request to 
work specific 
shifts 

Kruskal-Wallis ANOVA by Ranks; request to work specific shifts Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 47) =6.996808 p 
=.0302 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 18 427.0000 23.72222 

2 
 

2 12 378.0000 31.50000 

3 
 

3 17 323.0000 19.00000 

 

A comparison of whether nurses’ advantages of their shift systems outweigh the 

disadvantages, across the three different shift arrangements. 

Depend.: 
advantages 
outweigh 
disadvantages 

Kruskal-Wallis ANOVA by Ranks; advantages outweigh disadvantages (Re-reduced) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 49) 
=1.373826 p =.5031 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 538.5000 26.92500 

2 
 

2 12 253.5000 21.12500 

3 
 

3 17 433.0000 25.47059 

 

A comparison of nurses wanting to quit working shifts to pursue a day job without shifts 

across the three different shift arrangements. 

Depend.: 
Other things being 
equal would you give 
up shifts to work days  

Kruskal-Wallis ANOVA by Ranks; Other things being equal would you give up 
shifts to work days Independent (grouping) variable: Shift organisation 
Kruskal-Wallis test: H ( 2, N= 48) =12.45660 p =.0020 

Code 
 

Valid 
N 

 

Sum of 
Ranks 

 

Mean 
Rank 

 

1 
 

1 20 344.5000 17.22500 

2 
 

2 13 327.0000 25.15385 

3 
 

3 15 504.5000 33.63333 
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Multiple comparisons – KW 
 

A multiple comparisons test to determine the significant differences are for age 

between the three different shift arrangements. 

Depend.: 
Age 

Multiple Comparisons p values (2-tailed); Age Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 50) =.1778925 p =.9149 

1 
R:25.947 

 

2 
R:24.038 

 

3 
R:26.083 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for age 

between the three different shift arrangements. 

Depe
nd.: 
Sex 

Multiple Comparisons p values (2-tailed); Sex Independent (grouping) variable: Shift 
organisation Kruskal-Wallis test: H ( 2, N= 51) =3.411093 p =.1817 

1 
R:24.775 

 

2 
R:29.385 

 

3 
R:24.917 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for sex 

between the three different shift arrangements. 

Depend.: 
Marital 
status 

Multiple Comparisons p values (2-tailed); Marital status Independent (grouping) variable: 
Shift organisation Kruskal-Wallis test: H ( 2, N= 51) =4.341779 p =.1141 

1 
R:30.600 

 

2 
R:24.962 

 

3 
R:21.639 

 

1 
 

 0.861145 0.190640 

2 
 

0.861145  1.000000 

3 
 

0.190640 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurse 

category between the three different shift arrangements. 

Depend.
: 
Nurse 
Categor
y 

Multiple Comparisons p values (2-tailed); Nurse Category Independent (grouping) variable: 
Shift organisation Kruskal-Wallis test: H ( 2, N= 51) =.8411342 p =.6567 

1 
R:26.000 

 

2 
R:28.308 

 

3 
R:24.333 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  
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A multiple comparisons test to determine the significant differences are for shift 

regularity between the three different shift arrangements. 

Depend.: 
Regular 
shift 
system? 

Multiple Comparisons p values (2-tailed); Regular shift system Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 50) =6.236066 p =.0442 

1 
R:28.100 

 

2 
R:28.038 

 

3 
R:20.500 

 

1 
 

 1.000000 0.342032 

2 
 

1.000000  0.481327 

3 
 

0.342032 0.481327  

A multiple comparisons test to determine the significant differences are for nurses’ 

partners’ working hours between the three different shift arrangements. 

Depend.: 
Partner 
Hours (H) 

Multiple Comparisons p values (2-tailed); Partner Hours (H) Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 21) =.4802120 p =.7865 

1 
R:12.750 

 

2 
R:11.100 

 

3 
R:10.375 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for Nurses’ 

partners’ work pattern between the three different shift arrangements. 

Depend.: 
Partner 
work 
pattern 

Multiple Comparisons p values (2-tailed); Partner work pattern Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 24) =.9917321 p =.6090 

1 
R:13.143 

 

2 
R:14.400 

 

3 
R:11.333 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

partners’ perception of nurses working shifts between the three different shift 

arrangements. 

Depend.: 
Partner feels 
towards your 
shifts 

Multiple Comparisons p values (2-tailed); Partner feels towards your shifts 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 31) 
=1.513508 p =.4692 

1 
R:17.600 

 

2 
R:13.063 

 

3 
R:16.577 

 

1 
 

 0.878251 1.000000 

2 
 

0.878251  1.000000 

3 
 

1.000000 1.000000  
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A multiple comparisons test to determine the significant differences are for household 

dependents that need looking after by nurses between the three different shift 

arrangements. 

Depend.: 
Household 
dependents 
looked after by 
you 

Multiple Comparisons p values (2-tailed); Household dependents looked after by 
you Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, 
N= 43) =5.546457 p =.0625 

1 
R:23.737 

 

2 
R:27.667 

 

3 
R:16.400 

 

1 
 

 1.000000 0.272112 

2 
 

1.000000  0.099993 

3 
 

0.272112 0.099993  

 

A multiple comparisons test to determine the significant differences are for overall 

nursing experience between the three different shift arrangements. 

Depend.: 
How long 
worked as a 
nurse (Y) 

Multiple Comparisons p values (2-tailed); How long worked as a nurse (Y) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 51) 
=2.578883 p =.2754 

1 
R:22.625 

 

2 
R:25.231 

 

3 
R:30.306 

 

1 
 

 1.000000 0.335359 

2 
 

1.000000  1.000000 

3 
 

0.335359 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

experience working in the present shift system between the three different shift 

arrangements. 

Depend.: 
How long working 
in present shift 
system (Y) 

Multiple Comparisons p values (2-tailed); How long working in present shift 
system (Y) Independent (grouping) variable: Shift organisation Kruskal-Wallis test: 
H ( 2, N= 50) =5.458378 p =.0653 

1 
R:19.395 

 

2 
R:28.423 

 

3 
R:29.833 

 

1 
 

 0.255923 0.088423 

2 
 

0.255923  1.000000 

3 
 

0.088423 1.000000  
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A multiple comparisons test to determine the significant differences are for nurses’ 

experience working shifts overall between the three different shift arrangements. 

Depend.: 
How long 
working shifts 
altogether (Y) 

Multiple Comparisons p values (2-tailed); How long working shifts altogether (Y)  
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
48) =.7243101 p =.6962 

1 
R:22.947 

 

2 
R:23.846 

 

3 
R:26.875 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

average working hours excluding overtime between the three different shift 

arrangements. 

Depend.: 
Average working 
hours excluding 
overtime (H) 

Multiple Comparisons p values (2-tailed); Average working hours excluding 
overtime (H) Independent (grouping) variable: Shift organisation Kruskal-Wallis 
test: H ( 2, N= 49) =5.211523 p =.0738 

1 
R:29.450 

 

2 
R:17.792 

 

3 
R:24.853 

 

1 
 

 0.076356 0.988274 

2 
 

0.076356  0.569867 

3 
 

0.988274 0.569867  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

average hours of paid overtime between the three different shift arrangements. 

Depend.: 
Average hours of 
paid overtime 
p/w (H) 

Multiple Comparisons p values (2-tailed); Average hours of paid overtime p/w (H) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
38) =1.819589 p =.4026 

1 
R:20.706 

 

2 
R:22.125 

 

3 
R:16.308 

 

1 
 

 1.000000 0.848230 

2 
 

1.000000  0.732156 

3 
 

0.848230 0.732156  
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A multiple comparisons test to determine the significant differences are for nurses’ 

average hours of unpaid overtime between the three different shift arrangements. 

Depend.: 
Average hours 
unpaid overtime 
p/w (H) 

Multiple Comparisons p values (2-tailed); Average hours unpaid overtime p/w (H) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 
16) =1.283245 p =.5264 

1 
R:10.167 

 

2 
R:9.8750 

 

3 
R:7.3333 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

working a second paid job between the three different shift arrangements. 

Depend.: 
Second 
paid job 

Multiple Comparisons p values (2-tailed); Second paid job Independent (grouping) variable: 
Shift organisation Kruskal-Wallis test: H ( 2, N= 51) =2.181164 p =.3360 

1 
R:23.625 

 

2 
R:28.038 

 

3 
R:27.167 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

length of career break between the three different shift arrangements. 

Depend.: 
Length of 
career break 
(Y) 

Multiple Comparisons p values (2-tailed); Length of career break (Y) Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 26) =4.163720 p 
=.1247 

1 
R:10.050 

 

2 
R:17.750 

 

3 
R:14.400 

 

1 
 

 0.153699 0.610403 

2 
 

0.153699  1.000000 

3 
 

0.610403 1.000000  

 

A multiple comparisons test to determine the significant differences are for mode of 

transport used by nurses between the three different shift arrangements. 

Depend.: 
Mode of 
transport 

Multiple Comparisons p values (2-tailed); Mode of transport Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 51) =10.49287 p =.0053 

1 
R:32.700 

 

2 
R:18.000 

 

3 
R:24.333 

 

1 
 

 0.016532 0.249676 

2 
 

0.016532  0.725426 

3 
 

0.249676 0.725426  
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A multiple comparisons test to determine the significant differences are for total 

number of successive shifts worked before days off between the three different shift 

arrangements. 

Depend.: 
Total no 
successive 
shifts before day 
off 

Multiple Comparisons p values (2-tailed); Total no successive shifts before day off 
(Re-reduced) Independent (grouping) variable: Shift organisation Kruskal-Wallis 
test: H ( 2, N= 34) =10.66655 p =.0048 

1 
R:25.409 

 

2 
R:12.900 

 

3 
R:14.346 

 

1 
 

 0.012123 0.020079 

2 
 

0.012123  1.000000 

3 
 

0.020079 1.000000  

 

A multiple comparisons test to determine the significant differences are for the 

maximum number of days worked before days off in the past month between the three 

different shift arrangements. 

Depend.: 
Max no shifts 
before days off in 
the past month 

Multiple Comparisons p values (2-tailed); Max no shifts before days off in the past 
month (Re-reduced) Independent (grouping) variable: Shift organisation Kruskal-
Wallis test: H ( 2, N= 22) =.5507147 p =.7593 

1 
R:13.167 

 

2 
R:10.900 

 

3 
R:10.833 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for average 

number of successive days off between the three different shift arrangements. 

Depend.: 
Average no of 
successive 
days off 

Multiple Comparisons p values (2-tailed); Average no of successive days off (Re-
reduced) Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 
2, N= 47) =10.83326 p =.0044 

1 
R:31.333 

 

2 
R:23.333 

 

3 
R:16.706 

 

1 
 

 0.352336 0.004825 

2 
 

0.352336  0.599541 

3 
 

0.004825 0.599541  
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A multiple comparisons test to determine the significant differences are for weekends 

off per 28 days between the three different shift arrangements. 

Depend.: 
Weekends 
off p/28 
days 

Multiple Comparisons p values (2-tailed); Weekends off p/28 days Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 47) =5.955067 p 
=.0509 

1 
R:19.800 

 

2 
R:27.045 

 

3 
R:27.156 

 

1 
 

 0.477639 0.329087 

2 
 

0.477639  1.000000 

3 
 

0.329087 1.000000  

 

A multiple comparisons test to determine the significant differences are for regular shift 

cycle in weeks between the three different shift arrangements. 

Depend.: 
Regular shift 
cycle in 
weeks 

Multiple Comparisons p values (2-tailed); Regular shift cycle in weeks Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 34) =3.600018 p 
=.1653 

1 
R:14.000 

 

2 
R:21.333 

 

3 
R:18.417 

 

1 
 

 0.268385 0.803703 

2 
 

0.268385  1.000000 

3 
 

0.803703 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

perception of control over the shift system between the three different shift 

arrangements. 

Depend.: 
Control of 
shift 
system 

Multiple Comparisons p values (2-tailed); Control of shift system Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 50) =1.903430 p =.3861 

1 
R:27.100 

 

2 
R:20.808 

 

3 
R:27.206 

 

1 
 

 0.676994 1.000000 

2 
 

0.676994  0.700633 

3 
 

1.000000 0.700633  
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A multiple comparisons test to determine the significant differences are for nurses 

perception of control over the start and end times between the three different shift 

arrangements. 

Depend.: 
Control of 
start & end 
times 

Multiple Comparisons p values (2-tailed); Control of start & end times Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 50) =.4095693 p 
=.8148 

1 
R:27.000 

 

2 
R:24.000 

 

3 
R:24.882 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for the notice 

of roster between the three different shift arrangements. 

Depend.: 
Notice of 
roster 
(days) 

Multiple Comparisons p values (2-tailed); Notice of roster (days) Independent (grouping) 
variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 37) =.2041198 p =.9030 

1 
R:18.594 

 

2 
R:18.278 

 

3 
R:20.083 

 

1 
 

 1.000000 1.000000 

2 
 

1.000000  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for how often 

nurses’ are required to change their roster on short notice between the three different 

shift arrangements. 

Depend.: 
required to 
change 
roster 

Multiple Comparisons p values (2-tailed); required to change roster on short notice 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 48) 
=9.318380 p =.0095 

1 
R:20.306 

 

2 
R:34.115 

 

3 
R:21.588 

 

1 
 

 0.020178 1.000000 

2 
 

0.020178  0.045469 

3 
 

1.000000 0.045469  
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A multiple comparisons test to determine the significant differences are for how often 

nurses are required to swop shifts with colleagues between the three different shift 

arrangements. 

Depend.: 
Swop shifts 
with 
colleagues 

Multiple Comparisons p values (2-tailed); Swop shifts with colleagues Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 48) =6.957260 p 
=.0309 

1 
R:23.139 

 

2 
R:32.308 

 

3 
R:19.971 

 

1 
 

 0.215898 1.000000 

2 
 

0.215898  0.050301 

3 
 

1.000000 0.050301  

 

A multiple comparisons test to determine the significant differences are for how often 

nurses can request to work specific shifts between the three different shift 

arrangements. 

Depend.: 
request to 
work specific 
shifts 

Multiple Comparisons p values (2-tailed); request to work specific shifts Independent 
(grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 47) =6.996808 p 
=.0302 

1 
R:23.722 

 

2 
R:31.500 

 

3 
R:19.000 

 

1 
 

 0.383953 0.925545 

2 
 

0.383953  0.046825 

3 
 

0.925545 0.046825  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

giving up shifts to work a day job without shifts, between the three different shift 

arrangements. 

Depend.: 
Other things being equal 
would you give up shifts to 
work days DN-1 PN -2 M-
3 PY-4 DY-5 

Multiple Comparisons p values (2-tailed); Other things being equal would 
you give up shifts to work days DN-1 PN -2 M-3 PY-4 DY-5 (Re-reduced) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 
2, N= 48) =12.45660 p =.0020 

1 
R:17.225 

 

2 
R:25.154 

 

3 
R:33.633 

 

1 
 

 0.335716 0.001802 

2 
 

0.335716  0.329876 

3 
 

0.001802 0.329876  
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A multiple comparisons test to determine the significant differences are for nurses’ 

perception of the advantages of their shift system outweighing the disadvantages, 

between the three different shift arrangements. 

Depend.: 
advantages 
outweigh 
disadvantages 

Multiple Comparisons p values (2-tailed); advantages outweigh disadvantages (Re-
reduced) Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 
2, N= 49) =1.373826 p =.5031 

1 
R:26.925 

 

2 
R:21.125 

 

3 
R:25.471 

 

1 
 

 0.798872 1.000000 

2 
 

0.798872  1.000000 

3 
 

1.000000 1.000000  

 

A multiple comparisons test to determine the significant differences are for nurses’ 

sleep disturbances on days off, between the three different shift arrangements. 

Dep
end.
: 
Day
s off 

Multiple Comparisons p values (2-tailed); Days off (Rotating TSDS redone for stats) 
Independent (grouping) variable: Shift organisation Kruskal-Wallis test: H ( 2, N= 40) =6.018776 
p =.0493 

1 
R:17.156 

 

2 
R:27.375 

 

3 
R:18.083 

 

1 
 

 0.066245 1.000000 

2 
 

0.066245  0.154649 

3 
 

1.000000 0.154649  
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APPENDIX G - MANN-WHITNEY U TESTS 
A comparison of variables for permanent day nurses and rotating nurses working day shifts only. 

 
variable 

Mann-Whitney U Test (w/ continuity correction) By variable Day x Rotating Marked tests are significant at p 
<.05000 

Rank Sum 
Group 1 

 

Rank Sum 
Group 2 

 

U 
 

Z 
 

p-value 
 

Z 
adjusted 

 

p-value 
 

Valid N 
Group 1 

 

Valid N 
Group 2 

 

2*1sided 
exact p 

 

Travel time to day shift (MIN) 
 

285.5000 210.5000 114.5000 -0.08006 0.936186 -0.08075 0.935640 18 13 0.921488 

Travel time from day shift (MIN) 
 

209.0000 169.0000 73.0000 -0.71552 0.474287 -0.72262 0.469916 16 11 0.480871 

Do you feel unsafe travelling to/from day 
 

256.0000 179.0000 85.0000 -0.60678 0.543997 -0.77156 0.440374 18 11 0.550075 

No. successive day shifts 
 

234.5000 116.5000 50.5000 1.63485 0.102082 1.67273 0.094381 15 11 0.097262 

Total no successive shifts before day off 
 

163.0000 113.0000 58.0000 0.40311 0.686865 0.41027 0.681608 13 10 0.692607 

Max no shifts before days off in the past 
month 

 

51.0000 85.0000 30.0000 -0.05423 0.956750 -0.05468 0.956396 6 10 1.000000 

Average no of successive days off 
 

222.0000 213.0000 69.0000 -1.43912 0.150116 -1.57703 0.114791 17 12 0.152277 

Physical workload day 
 

257.0000 178.0000 100.0000 0.06642 0.947043 0.07176 0.942790 17 12 0.947908 

Mental workload day 
 

256.5000 178.5000 100.5000 0.04428 0.964681 0.04793 0.961770 17 12 0.947908 

Time pressure day 
 

250.0000 185.0000 97.0000 -0.19926 0.842057 -0.22522 0.821806 17 12 0.844577 

Emotional stress day 
 

255.5000 179.5000 101.5000 0.00000 1.000000 0.00000 1.000000 17 12 0.982624 

Choose start time day 
 

203.5000 147.5000 81.5000 0.02595 0.979297 0.02761 0.977970 15 11 0.959358 

Choose end time day 
 

139.0000 92.0000 47.0000 0.46193 0.644128 0.47057 0.637948 12 9 0.651053 

Fall asleep before day 
 

211.0000 167.0000 89.0000 0.02440 0.980536 0.02565 0.979540 15 12 0.980869 

wake up before day 
 

244.0000 134.0000 56.0000 1.63463 0.102127 1.65886 0.097145 15 12 0.102800 

Sleep duration Day 
 

188.0000 137.0000 59.0000 1.00627 0.314288 1.02805 0.303928 13 12 0.320322 

Fall asleep on days off 
 

177.0000 148.0000 70.0000 0.40795 0.683313 0.41470 0.678362 13 12 0.688522 

wake up on days off 
 

164.5000 213.5000 59.5000 -1.50431 0.132502 -1.51171 0.130608 14 13 0.127859 

Sleep duration Days off 
 

127.5000 172.5000 36.5000 -1.99881 0.045630 -2.01242 0.044177 13 11 0.040954 

Naps day shift (H) 
 

  0.0000 0.00000 1.000000 0.00000 1.000000 5 1 0.000000 

naps day off 
 

  0.0000 0.00000 1.000000 0.00000 1.000000 6 1 0.000000 

How many hours sleep needed 
 

181.0000 197.0000 76.0000 -0.70363 0.481664 -0.73188 0.464244 14 13 0.487948 

Amount of sleep achieved in the day 
 

194.5000 183.5000 74.5000 -0.73193 0.464215 -0.83139 0.405751 15 12 0.455864 
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amount of sleep between days off 
 

116.0000 137.0000 50.0000 -0.65665 0.511406 -0.69171 0.489117 11 11 0.519032 

Sleep quality in the day 
 

210.0000 196.0000 74.0000 -0.99811 0.318226 -1.07620 0.281840 16 12 0.323780 

Sleep quality between days off 
 

105.5000 147.5000 50.5000 -0.59344 0.552886 -0.63516 0.525325 10 12 0.538659 

How rested you feel in the day 
 

204.5000 201.5000 68.5000 -1.25344 0.210045 -1.32540 0.185038 16 12 0.205310 

how rested days off 
 

103.0000 150.0000 48.0000 -0.75829 0.448279 -0.81824 0.413223 10 12 0.456151 

wake up earlier than intended in the day 
 

226.5000 179.5000 90.5000 -0.23212 0.816446 -0.25028 0.802372 16 12 0.801706 

wake earlier than intended days off 
 

103.5000 149.5000 48.5000 -0.72532 0.468257 -0.78138 0.434581 10 12 0.456151 

Difficulty falling asleep in the day 
 

216.0000 190.0000 80.0000 -0.71957 0.471791 -0.74032 0.459104 16 12 0.478020 

difficulty falling asleep days off 
 

94.5000 158.5000 39.5000 -1.31876 0.187250 -1.36419 0.172507 10 12 0.180194 

Feel tired on day shifts 
 

206.0000 200.0000 70.0000 -1.18381 0.236490 -1.24343 0.213711 16 12 0.240820 

Feel tired on days off 
 

123.0000 153.0000 57.0000 -0.52314 0.600878 -0.54957 0.582615 11 12 0.607524 

Total SDS 
 

214.0000 221.0000 78.00000 -1.11825 0.263462 -1.11880 0.263226 16 13 0.268039 

Sleep Disturbance Day shift 
 

203.0000 203.0000 67.0000 -1.32308 0.185810 -1.32854 0.183999 16 12 0.189005 

Sleep Disturbance Days off 
 

116.0000 184.0000 38.0000 -1.93412 0.053099 -1.94174 0.052170 12 12 0.051865 

Sleeping pills day 
 

188.0000 190.0000 68.0000 -1.04909 0.294136 -1.54832 0.121545 15 12 0.299543 

sleeping pills day off 
 

107.5000 145.5000 52.5000 -0.46157 0.644393 -0.68589 0.492781 10 12 0.627738 

alcohol to sleep day 
 

209.0000 169.0000 89.0000 -0.02440 0.980536 -0.05371 0.957167 15 12 0.980869 

alcohol days off 
 

122.5000 130.5000 52.5000 0.46157 0.644393 0.77388 0.439003 10 12 0.627738 

General energy reverse 
 

180.0000 198.0000 75.0000 -0.75216 0.451958 -0.78916 0.430021 14 13 0.458269 

drained 
 

172.0000 179.0000 67.0000 -0.84867 0.396066 -0.88994 0.373499 14 12 0.402547 

active reverse 
 

207.5000 198.5000 71.5000 -1.11417 0.265206 -1.15931 0.246331 16 12 0.260053 

tired most of 
 

158.0000 167.0000 67.0000 -0.57112 0.567916 -0.59113 0.554434 13 12 0.574293 

Vigor reverse 
 

121.5000 178.5000 43.5000 -1.61658 0.105970 -1.70899 0.087454 12 12 0.100530 

lethargic 
 

136.0000 164.0000 58.0000 -0.77942 0.435731 -0.87740 0.380269 12 12 0.442833 

alert reverse 
 

158.5000 166.5000 53.5000 -1.25913 0.207983 -1.30782 0.190934 14 11 0.202177 

exhausted 
 

173.5000 177.5000 68.5000 -0.77152 0.440401 -0.80317 0.421878 14 12 0.431892 

lively reverse 
 

153.0000 198.0000 48.0000 -1.82592 0.067863 -1.89907 0.057556 14 12 0.067266 

weary 
 

165.0000 186.0000 60.0000 -1.20871 0.226775 -1.30585 0.191603 14 12 0.231155 

Chronic Fatigue Score 
 

94.0000 137.0000 39.0000 -1.09148 0.275064 -1.11301 0.265707 10 11 0.281620 
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A comparison of variables for permanent night and rotating nurses working night shifts only. 

 

variable 

Mann-Whitney U Test (w/ continuity correction) By variable Night x Rotating Marked tests are significant at p 
<.05000 

Rank Sum 

Group 1 
 

Rank Sum 

Group 2 
 

U 
 

Z 
 

p-value 
 

Z 

adjusted 
 

p-value 
 

Valid N 

Group 1 
 

Valid N 

Group 2 
 

2*1sided 

exact p 
 

General energy reverse 
 

209.5000 255.5000 102.5000 0.31389 0.753606 0.33404 0.738349 13 17 0.741562 

drained 
 

196.0000 300.0000 110.0000 0.14194 0.887125 0.15174 0.879389 12 19 0.888881 

Night shift start 
 

150.0000 228.0000 84.0000 -0.17271 0.862878 -0.22613 0.821098 11 16 0.865261 

Night shift end 
 

148.5000 229.5000 82.5000 -0.24673 0.805116 -0.36451 0.715479 11 16 0.789694 

Travel time to night shift (MIN) 
 

195.5000 210.5000 57.5000 1.66993 0.094934 1.68499 0.091992 11 17 0.090623 

Travel time from night shift (MIN) 
 

192.5000 213.5000 60.5000 1.52881 0.126312 1.53534 0.124702 11 17 0.121916 

Do you feel unsafe travelling to/from night 
 

173.0000 262.0000 91.0000 0.33710 0.736042 0.36675 0.713803 11 18 0.740218 

No. successive night shifts 
 

80.0000 220.0000 52.0000 -0.44458 0.656627 -0.62601 0.531310 7 17 0.664003 

Total no successive shifts before day off 
 

71.0000 160.0000 16.0000 -2.71109 0.006707 -2.79685 0.005161 10 11 0.004786 

Max no shifts before days off in the past 
month 

 

79.0000 57.0000 24.0000 -0.59656 0.550802 -0.60370 0.546041 10 6 0.562188 

Average no of successive days off 
 

145.0000 320.0000 67.0000 -1.71450 0.086438 -1.77011 0.076709 12 18 0.086537 

Night shifts followed by 
 

36.0000 117.0000 21.0000 -0.89598 0.370265 -0.96599 0.334048 5 12 0.382676 

average nights worked p/year 
 

24.0000 129.0000 14.0000 -1.30212 0.192877 -1.31425 0.188762 4 13 0.201681 

Physical workload night 
 

172.0000 263.0000 94.0000 -0.33211 0.739810 -0.38590 0.699573 12 17 0.743777 

Mental workload night 
 

166.5000 239.5000 86.5000 0.30576 0.759786 0.33116 0.740523 11 17 0.746115 

Time pressure night 
 

168.0000 238.0000 85.0000 0.37632 0.706677 0.39635 0.691844 11 17 0.711318 

Emotional stress night 
 

188.5000 189.5000 69.5000 0.97590 0.329115 1.02339 0.306123 12 15 0.322857 

Choose start time night 
 

139.5000 211.5000 75.5000 0.21082 0.833029 0.22391 0.822829 10 16 0.815935 

Choose end time night 
 

190.5000 187.5000 51.5000 1.77647 0.075656 1.89172 0.058530 11 16 0.071229 

Fall asleep before night shift 
 

179.5000 198.5000 45.5000 1.95818 0.050210 1.98908 0.046693 10 17 0.045937 

Wake up after night shift 
 

210.5000 167.5000 14.5000 3.51468 0.000440 3.56174 0.000368 10 17 0.000117 

Sleep duration Night 
 

103.0000 150.0000 45.0000 0.71665 0.473591 0.72032 0.471329 8 14 0.482172 

Fall asleep on days off 
 

187.5000 277.5000 106.5000 0.04233 0.966233 0.04302 0.965683 12 18 0.950179 

wake up on days off 
 

218.0000 310.0000 120.0000 0.11511 0.908359 0.11592 0.907717 13 19 0.909717 
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Sleep duration Days off 
 

189.5000 245.5000 74.5000 1.07872 0.280713 1.08624 0.277375 11 18 0.275828 

naps night shift 
 

  0.0000 0.00000 1.000000 0.00000 1.000000 1 7 0.000000 

naps day off 
 

  0.0000 0.00000 1.000000 0.00000 1.000000 1 8 0.000000 

How many hours sleep needed 
 

222.0000 274.0000 103.0000 0.54043 0.588899 0.56999 0.568688 13 18 0.594059 

amount of sleep between suc nights 
 

137.5000 187.5000 67.5000 0.38829 0.697802 0.43123 0.666302 10 15 0.682951 

amount of sleep between days off 
 

154.0000 122.0000 44.0000 1.32323 0.185759 1.39237 0.163812 11 12 0.189587 

Sleep quality between suc night 
 

159.5000 165.5000 45.5000 1.60863 0.107698 1.72616 0.084320 10 15 0.102507 

Sleep quality between days off 
 

205.5000 145.5000 40.5000 2.21168 0.026989 2.31749 0.020478 12 14 0.023364 

how rested night 
 

154.5000 170.5000 50.5000 1.33128 0.183098 1.39291 0.163647 10 15 0.177495 

how rested days off 
 

197.0000 154.0000 49.0000 1.77449 0.075983 1.83342 0.066742 12 14 0.075691 

wake earlier than intended night 
 

156.0000 195.0000 75.0000 0.36330 0.716381 0.40233 0.687441 11 15 0.721104 

wake earlier than intended days off 
 

181.0000 170.0000 65.0000 0.95154 0.341332 1.03028 0.302881 12 14 0.347446 

difficulty falling asleep night 
 

191.5000 186.5000 50.5000 1.82582 0.067879 1.92438 0.054307 11 16 0.063513 

difficulty falling asleep days off 
 

164.0000 187.0000 82.0000 0.07715 0.938503 0.08007 0.936186 12 14 0.939590 

Feel tired on night 
 

176.0000 202.0000 66.0000 1.06095 0.288715 1.20513 0.228154 11 16 0.294213 

Feel tired on days off 
 

173.5000 177.5000 72.5000 0.56578 0.571544 0.59285 0.553284 12 14 0.560450 

Total SDS 
 

275.5000 285.5000 75.50000 1.989566 0.046640 1.990564 0.046530 13 20 0.043489 

Sleep Disturbance Night shift 
 

186.0000 192.0000 56.0000 1.55441 0.120087 1.57325 0.115661 11 16 0.121431 

Sleep Disturbance Days off 
 

222.5000 183.5000 47.5000 2.22834 0.025858 2.23478 0.025433 12 16 0.022556 

sleeping pills night 
 

167.0000 239.0000 89.0000 -0.30175 0.762839 -0.36643 0.714046 12 16 0.766584 

sleeping pills day off 
 

152.5000 172.5000 74.5000 -0.16318 0.870378 -0.20641 0.836474 12 13 0.851719 

alcohol to sleep night 
 

176.0000 230.0000 94.0000 0.06964 0.944484 0.15601 0.876026 12 16 0.945412 

alcohol days off 
 

150.0000 175.0000 72.0000 -0.29916 0.764818 -0.53012 0.596028 12 13 0.768887 

General energy reverse 
 

209.5000 255.5000 102.5000 0.31389 0.753606 0.33404 0.738349 13 17 0.741562 

drained 
 

196.0000 300.0000 110.0000 0.14194 0.887125 0.15174 0.879389 12 19 0.888881 

active reverse 
 

231.5000 233.5000 62.5000 1.90500 0.056781 2.08706 0.036884 12 18 0.053097 

tired most of 
 

203.0000 232.0000 79.0000 0.99632 0.319097 1.02768 0.304103 12 17 0.324532 

Vigor reverse 
 

199.5000 206.5000 70.5000 1.16060 0.245807 1.35772 0.174554 12 16 0.240820 

lethargic 
 

186.0000 249.0000 96.0000 0.24354 0.807584 0.26474 0.791213 12 17 0.810617 

alert reverse 
 

188.0000 218.0000 65.0000 1.31713 0.187796 1.36344 0.172745 11 17 0.191163 



204 
 

exhausted 
 

176.0000 259.0000 98.0000 -0.15498 0.876835 -0.16586 0.868268 12 17 0.878822 

lively reverse 
 

227.0000 208.0000 55.0000 2.05905 0.039490 2.24839 0.024552 12 17 0.038041 

weary 
 

192.0000 214.0000 78.0000 0.81242 0.416553 0.85540 0.392330 12 16 0.422750 

Chronic Fatigue Score 
 

178.0000 200.0000 64.0000 1.15964 0.246196 1.17095 0.241618 11 16 0.250976 

 

 

 

 


