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ABSTRACT 
Background: South Africa is the second most influential exporter of citrus fruits 

internationally and holds a pivotal role in economic revenue for the country. Rural 

areas, such as the Sundays River Valley in the Eastern Cape province of South Africa, 

contribute to the country’s citrus production. Many women depend on citrus 

packhouses for employment as citrus sorters. As humans perceive certain defects in 

citrus fruits more accurately than machines, these sorters must identify and manually 

remove any fruit that does not conform with export requirements. Citrus sorters are 

exposed to numerous physical and cognitive stressors during the task while faced with 

organizational challenges, such as shift work and long working hours. Therefore, the 

potential for fatigue development is anticipated. Given the multifactorial nature of 

fatigue and the negative consequences it may have on workers, it also has the 

potential to impede the accuracy of the sorting performance. Stringent disciplinary 

action for the entire South African citrus industry may be of consequence if non-

conforming or pest-infested fruit is missed by citrus sorters and exported to foreign 

countries. This study aimed to investigate the prevalence of fatigue among citrus 

sorters in a citrus packhouse in the Sundays River Valley of the Eastern Cape 

throughout a citrus harvesting season and to identify factors that may contribute 

towards fatigue development. Methods: The research design utilized a cross-

sectional, two-part approach that applied mixed methods. Part one was administered 

once-off, incorporating demographic, work-, and non-work-related questions. Part two 

was a self-developed repeated measures assessment comprising close-ended 

contextual questions, the Modified Fatigue Impact Scale, and the Karolinska 

Sleepiness Scale. Environmental and work output data were also recorded. Results: 

Citrus sorters (n= 35) recorded a mean MFIS score of 39.35 throughout the harvest 

season, which was above the prescribed fatigue threshold (38). However, there was 

no significant difference in fatigue ratings over time (p= 0.122). Day shift workers 

exceeded the fatigue threshold for the entire season compared to night shift workers, 

who only exceeded it in the last two weeks. The physical, cognitive, and psychosocial 

subscales found no significant difference in fatigue scores, although physical fatigue 

recorded the highest scores across all weeks and displayed a significant difference 

over time. Overall, participants, on average, perceived to be “neither sleepy nor alert” 

over the season. However, eight participants (22%) recorded sleepiness scores 



  ii  

exceeding the excessive sleepiness threshold of seven. Educational levels, health 

status, work-pace, and the number of family dependents significantly contributed to 

fatigue development, albeit a weak correlation. Discussion: Sorters were perceived 

to be fatigued from week three till the end of the study; however, there was no variation 

in fatigue scores over time. An accumulation of physical fatigue over time was revealed 

where prolonged standing, repetitive work, and irregular working postures may have 

contributed. Night shift workers did not receive the recommended hours of sleep (7-8 

hours); hence, they registered greater sleepiness scores over the season than day 

shift workers. Environmental and work output recordings did not prove to have a 

significant influence on fatigue development, and neither did work experience or 

physical exercise. Conclusion: An amalgamation of numerous contributing factors 

within the work situation, private situation, and the individual influenced the 

development of fatigue, where there was no primary causal factor. Future studies 

should consider recording the accuracy of the sorting performance to acquire rich, 

objective data.  
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1. CHAPTER 1: INTRODUCTION 
1.1. BACKGROUND TO THE STUDY 

The modern-day agricultural sector is exposed to an ever-increasing globalized trade 

market, and it has become increasingly challenging for producers to remain 

competitive in the global market (Dlikilili & Van Rooyen, 2018). Since 2004, the South 

African citrus industry has been the second most influential exporter of fresh citrus to 

foreign markets, even though South Africa is only the 10th largest producer of citrus 

internationally (Citrus Growers Association, 2020). Of the fruit harvested by the citrus 

industry, more than 65% is exported to the international markets, less than 30% is 

processed for juicing, and the remainder is supplied to the local markets (Citrus 

Growers Association, 2021). 2020 saw the largest shipment of citrus production ever, 

as more than 146 million crates of citrus were exported. This number is expected to 

rise over the next couple of years as new international market routes to China and the 

Philippines have opened, and younger trees have entered their production stage 

(Citrus Growers Association, 2019; Stoddard, 2021). This record export trade in 2020 

translated into an estimated total profit from foreign revenue of over R20 billion, 

highlighting the apparent export demand and the economic importance of this industry 

to the South African economy (Smith, 2021). In addition to the high demand for fresh 

citrus fruits, consumers demand more than just variety and quantity; they desire 

quality, consistency, and value (Ndou & Obi, 2015). Therefore, importing countries 

have established stringent regulations that govern food safety and health standards to 

safeguard the consumer of traded food items (Ndou & Obi, 2015). These regulations 

dictate that exported fruits should be free of damages caused by low temperatures 

and wind, blemishes, cuts, diseases, and misshapen proportions (Bollen & Prussia, 

2014; Ndou & Obi, 2015). Most importantly, these regulations require established 

phytosanitary treatments that eliminate, sterilize, and kill any pests that may potentially 

infect exported fruits and prevent their introduction into new areas, as well as protect 

consumers’ health and safety (Follett & Neven, 2006). Remaining competitive in the 

international market is essential for the future growth of the South African citrus 

industry. However, the industry will be unable to maintain its financial performance or 

consider further development if it does not produce and sell quality fruits that conform 

with international regulation standards and policies (Dlikilili & Van Rooyen, 2018).  
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The function of the citrus packhouse is to transform the fruit received from the 

harvesting operations into marketable products for shipment that conform with the 

customer’s requirements and governmental regulations for export (Bollen & Prussia, 

2014). The packhouse is designed as a highly automated and technological process 

system; however, the sorting table in the packhouse is one of the few sites that still 

require human interaction for manual inspection of all citrus fruits (Studman, 1998). 

The sorting table is pivotal in the packhouse processing system as it is the last 

inspection safeguard to eliminate sub-standard fruits destined for export. Additionally, 

sorting is a critical stage in the systems approach for phytosanitary management of 

citrus fruits destined for export so that pests and infections are not introduced into 

foreign countries or contaminate other fruits in the system (Hattingh et al., 2020). The 

tasks at the sorting table require the removal of fruits that do not conform with export 

standards and must therefore be eliminated from the supply chain. This is the 

responsibility of the sorters at the sorting tables. Automation for the sorting process 

has been implemented in developed countries as this technology offers significant 

advantages over manual sorting operations (Bollen & Prussia, 2014). However, these 

automated operations are incredibly costly, and most developing countries opt for 

manual sorting operations.  

Furthermore, humans have a unique ability to perceive defects in the external 

appearance of fruits and determine whether the threshold exceeds the recommended 

grade for export standards (Bollen & Prussia, 2014; Nicolaï et al., 2014). However, 

these quality defects and pest infestation blemishes vary in size and can range from 

easily detectable to minuscule. Sorters may therefore miss non-conforming fruit if their 

ability to detect these is negatively affected. In addition to missing non-conforming 

fruit, sorters may also potentially reject fruit from the system, although the fruit 

conforms to the export standards and could have been sold at a higher rate.  

Within South Africa, the Sundays River Valley, located in the Eastern Cape province, 

is considered one of the significant regions for citrus production (Meintjes, 2018). The 

area provides satisfactory growing conditions for citrus production and is regarded as 

one of the powerhouses in South African citrus production (SA Fruit Journal, 2009). 

With the Sundays River Valley being surrounded by farming communities, numerous 

packhouses operate within the Sundays River Valley, which provides significant 
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employment for the area. It is estimated that ±25 000 residents in the Sundays River 

Valley are dependent on the citrus industry for employment, which is vital as the 

Eastern Cape province has statistically one of the highest unemployment records in 

the country, particularly amongst females (Meintjes, 2018; Eastern Cape Socio-

Economic Consultative Council, 2021). Additionally, in 2016, an estimated 34 200 

residents in the Sundays River Valley lived in poverty, where 61.73% were black 

Africans (Eastern Cape Socio-Economic Consultative Council, 2017). This highlights 

the challenging living and social conditions that residents within the Sundays Valley 

reside in, where these private situation stressors may further influence potential work-

related fatigue. 

It is evident from the literature that fatigue has been a concern within industrial 

workplaces for many decades, as fatigued workers report reduced productive time 

more than twice as often than those without fatigue (Grandjean, 1979; Lu et al., 2017). 

Fatigue is one of the most common complaints by workers within occupational settings 

worldwide, and there is increasing awareness of the impact that fatigue has on 

individuals’ well-being and operational performance (Kant et al., 2003). Symptoms of 

fatigue, including mental exhaustion, reduced physical strength, discomfort, and 

lassitude can impair efficient human performance if recovery from fatigue is insufficient 

(Saito, 1999; Williamson et al., 2011). Fatigue symptoms can intensify over time if rest 

and recuperation are unsatisfactory. Fatigue is a complex multi-dimensional construct 

due to various interacting factors within and outside of the workplace, and its 

symptoms can manifest in many different forms (Yazdi & Sadeghniiat-Haghighi, 2015). 

Citrus sorters are exposed to task and work-related factors that may potentially 

generate the development of worker fatigue. These factors include prolonged 

standing, repetitive and monotonous tasks, shiftwork, long working hours, and 

sustained attention. These workers already endure challenging non-work-related 

elements, which may negatively affect the recovery process if fatigue exists. Thus, 

these manifestations of fatigue that induce decreased human performance can be 

detrimental to an occupational setting where human performance plays a significant 

part in the constructive functioning of the operating system, such as the citrus 

packhouse. 
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From an occupational health and safety perspective, all types of fatigue must be 

managed due to their significant short-term and long-term implications on workers’ 

well-being and performance (Sedighi Maman et al., 2017). With the sorting station 

serving as an essential facet of the postharvest supply system, deviations and missed 

errors in the inspection process will affect returns for the company and potentially 

damage the reputation of the South African citrus industry. It is, therefore, necessary 

to ensure that factors that affect the worker’s work capacity, such as fatigue, and thus 

the sorting operation are minimised so that the sorter can attain their best performance 

for the entire citrus season. 

1.2. STATEMENT OF THE PROBLEM 
The citrus industry is an essential contributor to the economy in the Eastern Cape 

province of South Africa, particularly the Sundays River Valley. The Sundays River 

Valley depends on the economic benefits that emerge from citrus fruits’ production 

and commercial trade. The industry within the region provides immense employment 

opportunities, particularly for women who are the predominant workers within citrus 

packhouses and specifically at the citrus sorting stations. The sorting process requires 

attention to detail by ensuring that all non-conforming fruits are discarded from the 

packing line destined for export. Sorters’ accuracy must be consistent throughout a 

harvesting season, as non-conforming fruit that is missed and packaged for export 

may result in detrimental consequences for the Sundays River Valley and the South 

African citrus industry. However, it is anticipated that the sorters within the citrus 

packhouse may experience symptoms of fatigue, given their exposure to various work-

related and non-work-related factors. This may influence fatigue development, which 

may impact the workers’ sorting performance. Given the physical and cognitive nature 

of the work, it is unknown how fatigue may manifest itself and how fatigue develops 

throughout the harvesting season.     

To the author’s knowledge, no previous academic studies have focused on the sorting 

process of citrus sorters working in packhouses within South Africa. However, 

previous research studies on orange handling operations in Nigeria and apple sorters 

working in the United States of America found that the most common discomfort 

experienced by workers was lower back pain and shoulders (Simcox et al., 2001; 

Lawan et al., 2018). When workers are exposed to tasks requiring repetitive exertion 
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and high work demand, discomfort in workers’ muscles may be an indicator of physical 

fatigue, and the risk of musculoskeletal disorders increases (Kilbom et al., 1996). From 

initial walkthroughs of several citrus packhouses and from what has been researched 

on the contributors towards fatigue it is expected that citrus sorters may experience 

an increase in fatigue levels throughout a citrus harvesting season. Determining the 

prevalence of fatigue among sorters working in the citrus industry as well as potential 

contributing factors, is an essential first step towards identifying appropriate and 

necessary interventions to create safeguards for the impact of fatigue outcomes if 

prevalence is of a high level (Lu et al., 2017). 

1.3. PURPOSE OF THE STUDY 
Given the negative consequences that fatigue could have on the worker and the 

overall work system, this study aimed to investigate the prevalence of fatigue among 

citrus sorters in a citrus packhouse in the Sundays River Valley of the Eastern Cape, 

South Africa, throughout a citrus harvesting season. To accomplish this aim, the 

objectives were to: 

• Determine the prevalence of fatigue. 

• Monitor changes in fatigue amongst sorters throughout the citrus harvesting 

season. 

• Identify what fatigue domain (physical, cognitive, psychosocial) dominated.  

• Determine any differences in fatigue levels between day and night shift 

sorters throughout a citrus harvesting season. 

• Identify any associations between fatigue, individual, and work-related 

factors.  
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2. CHAPTER 2: REVIEW OF LITERATURE 
2.1. THE SOUTH AFRICAN CITRUS INDUSTRY 

The South African citrus industry has since long been one of the world’s most 

influential citrus exporters, where the first introduction to the export market began in 

1907 (Chisoro-Dube & Roberts, 2021). This industry has been exporting its fruit 

annually since and achieved its first milestone in 1925 when it exported over a million 

citrus fruit crates. Its exponential growth led to a single organisation, ‘Outspan’, 

coordinating all of South Africa’s citrus exports in 1937 (Citrus Growers Association, 

2007) and established the foundations for citrus production and distribution in South 

Africa. The single-channel marketing system provided the industry with considerable 

advantages; for example, it introduced numerous nurseries across the country, 

created packing facilities, developed research laboratories, and had prominent 

relationships with international markets (Larsen & Fold, 2008). However, due to anti-

apartheid campaigns and deregulation, Outspan lost its exclusive control over citrus 

exports, and as a result, independent agencies were allowed to apply as export agents 

(Citrus Growers Association, 2007). The effects of deregulation reorganised the 

structure of the South African citrus industry as it progressed from a single-channel 

marketing system to the rise of private regulation allowing for numerous export traders. 

Deregulation also led to the formation of the Citrus Growers Association (CGA) in 1997 

to manage research projects on behalf of all citrus growers, which in turn shifted the 

focus of citrus distributions from volume to quality concerning market demands (Genis, 

2018). The CGA’s mandate was to gain and retain market access, set standards for 

fruit and quality, fund and control research in this sector, drive industry transformation 

and represent growers for all industry stakeholders (Genis, 2018). Food security and 

food safety remain essential considerations for the quality assurance of citrus fruit so 

they can be successfully exported to international markets.  

The goal of the citrus industry is for all fruit to be destined for export as this is more 

profitable than compared to local market prices. Of the fruit harvested by the citrus 

industry, more than 65% is exported to international markets, 29% is processed for 

juicing, and 6% is supplied to local markets (Citrus Growers Association, 2021). 

Compared to other citrus-growing countries, South Africa is only the 10th largest 

producer of citrus fruit. However, in terms of exporting, South Africa is the most 
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influential citrus exporter in the southern hemisphere and the second most influential 

internationally behind Spain since 2004 (Citrus Growers Association, 2020). The citrus 

industry generates a considerable contribution towards the South African gross 

domestic product, where in 2019, over R20 billion rands were earned (Citrus Growers 

Association, 2020). Of the revenue that is generated by the citrus industry, the 

exportation of citrus accounts for about 85% (Citrus Growers Association, 2020). 

Furthermore, the citrus industry is estimated to be one of the largest employers within 

the South African agricultural industry as it accommodates approximately 125 000 

people, with the bulk of workers employed in orchards and packhouses (Citrus 

Growers Association, 2017). This figure does, however, not include employees 

working upstream and downstream of the industry (e.g., nurseries, port handlers, 

transportation, and researchers). It is thus estimated that over a million households 

depend on the citrus industry for employment (Mogala, 2015).  

In terms of citrus production, the Eastern Cape province is the second largest producer 

in South Africa, responsible for over 25% of the country’s citrus yield (Citrus Growers 

Association, 2022). The Sundays River Valley (SRV) region is one of the powerhouses 

of the Eastern Cape citrus production and accounts for a significant proportion of the 

country’s export commodity (Meintjes, 2018). This is attributable to the SRV region’s 

highly reliable water source, warm weather conditions and proximity to coastal ports 

for rapid transportation (SA Fruit Journal, 2009). Over 60 000 people live in the SRV, 

of which around 3 000 are employed permanently on citrus farms, approximately 

15 000 are seasonal farm workers, and about a further 8 000 are employed within the 

valleys’ numerous packhouses (Meintjes, 2018). The labour-intensive nature of the 

citrus industry plays a vital role in job creation, poverty alleviation, and financial growth 

for the Eastern Cape province and the SRV. Financial growth for the province is 

essential, as racial segregation enforced by the past Apartheid regime has resulted in 

the Eastern Cape being one of the poorest provinces in South Africa. 

In terms of land area, the Eastern Cape is the second largest province (168 966km²) 

and the fourth most populous province (13%); however, it records the highest 

unemployment rate in the country, with 47.1% of the province unemployed 

(Westaway, 2012; Eastern Cape Socio-Economic Consultative Council, 2021; 

StatsSA, 2022). Additionally, 48.2% of females within the Eastern Cape are recorded 
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to be unemployed (Eastern Cape Socio-Economic Consultative Council, 2021). It is 

thus essential that citrus cultivars within South Africa and regions like the SRV remain 

competitive in the international markets, as the citrus industry holds a powerful position 

for economic growth and employment opportunities. This requires that export 

regulations set by international import countries are complied with and that 

phytosanitary management is efficiently administered so that high-quality fruit can be 

traded. Phytosanitary treatments aim to eliminate, sterilise, or kill regulatory pests in 

exported commodities to prevent their introduction or establishment into a new area 

(Follett & Neven, 2006). Citrus packhouses are regarded as the centre of the 

postharvest operation and play a pivotal role in managing phytosanitary prerequisite 

standards for citrus fruits destined for export (Yaptenco & Esguerra, 2012). 

2.2. IMPORTANCE OF THE PACKHOUSE AND SORTING 
OPERATION 

With increasingly stringent export market requirements for food safety and quality, 

citrus packhouses are essential for implementing effective strategies to eliminate 

microbial, chemical and physical contamination of fruit (Bollen & Prussia, 2014; 

Yaptenco & Esguerra, 2012). Tasks performed in the packhouse enable fresh fruits to 

hold their quality for longer, thus allowing for transportation to markets worldwide 

(Asante & Yin, 2019). Commodities leaving the packhouse for export should not be 

misshapen and should be free of blemishes, diseases, pests, and mechanical 

damage. Additionally, packhouses are responsible for separating fruit into specific 

grade standards based on the fruit’s quality and appearance. This enables the 

commodity to be sold at a specific rate based on its quality, where the most acclaimed 

fruit quality, grade one, is exported. In contrast, the most insignificant, grade three fruit, 

is sold only on the local market (Bollen & Prussia, 2014). Florkowski et al. (2014) 

pointed out that operations within citrus packhouses have become increasingly 

sophisticated and automated over the past decades because of the increased 

demands of the international fresh produce trade. However, it is the responsibility of 

the citrus sorters performing the manual inspections to ensure that, ideally, zero 

contaminated and pest-infested fruit pass through the system and are exported. 

The sorting operation holds a critical position in the citrus packhouse as it provides a 

significant safeguard for sub-standard fruit to be eliminated from the packing process 
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for export. The main task at the sorting table is to manually inspect and remove all fruit 

that does not conform to the required export and grade standards (Studman, 1998). 

Non-conforming fruits are identified by considering size, colour, shape, and blemishes. 

These fruits are separated and removed from the good-quality fruit to prevent cross-

contamination or premature deterioration that would affect the entire crate when 

exported (Yaptenco & Esguerra, 2012). Therefore, citrus sorters must have a robust 

knowledge of the defect limits for export and non-export fruit, and this decision must 

be made rapidly during the sorting operation (Doyle, 1986). The sorting task is further 

complicated as within a season; these defect limits may change depending on the 

cultivars of the fruit sorted (colour variations, different pest infestation concerns) as 

well as market requirements (e.g., fruit sizing, appearance, market demand) (Meyers 

et al., 1990). 

Humans have a unique ability to identify defects in fruit and determine whether they 

exceed the prescribed thresholds; hence most sorting operations have always been 

performed via human visual inspection and manual removal of non-conforming 

commodities (Bollen & Prussia, 2014; Nicolaï et al., 2014; Studman, 1998). However, 

these blemishes or pest infestation bites on the fruit vary in size, ranging from 

noticeable to minuscule. It is, therefore, not uncommon for a sorter to fail to identify 

blemished fruit if their sustained attention or visual acuity is impeded.  

Citrus sorting is highly repetitive and cognitively demanding, involves long work hours 

performed while standing the entire shift, and often entails shiftwork. Therefore, work-

related stress and fatigue, as a consequence of these work demands, could negatively 

influence tasks that require efficiency and accuracy, such as the citrus sorting task 

(Winwood et al., 2005). Furthermore, inadequate recovery from acute end-of-shift 

fatigue may increase the possibility of the symptoms evolving into maladaptive chronic 

fatigue traits (Winwood et al., 2006). Fatigue can have a severe impact not only on the 

health and well-being of the individual but can also induce considerable complications 

for organisational production (Winwood et al., 2005). These complications which affect 

organisational productivity as a consequence of fatigued employees include 

absenteeism, increased processing errors, elevated accident and safety risks, and 

hostile worker relationships (Murphy et al., 2014; Techera et al., 2016).  
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Fatigue is known to be the outcome of a diverse range of interacting factors that stem 

from work and non-work-related elements, which may contribute towards its pathology 

(Techera et al., 2016). Thus, it is essential to interrogate the theoretical literature on 

the fatigue phenomena, how it may manifest itself, and influences commercial 

enterprise and individuals’ welfare.  

2.3. DEFINITION OF FATIGUE  
For many years, researchers have struggled to provide a comprehensive definition for 

fatigue because of the complex multifactorial interactions of different elements 

involved in its causation and the contrasting subjective perceptions experienced by 

the consequences of fatigue (Aaronson et al., 1999; Williamson et al., 2011; Winwood 

et al., 2005). Difficulties in providing a concise definition of fatigue are primarily due to 

the non-specific nature of its aetiology, individual differences in susceptibility, 

adaptations in recovery, and the need for more consensus regarding its 

measurements (Noy et al., 2011). Some definitions of fatigue that have been cited 

include; “a lower level of strength, physical capacity, or performance as a result of 

work activities” (Lu et al., 2017, p. 140), “a state of feeling tired, weary, or sleepy 

resulting from insufficient sleep, prolonged mental or physical work, or extended 

periods of stress and anxiety” (Caldwell et al., 2019, p. 272), or “a deterioration of 

mental performance due to the preceding exercise of, mental, or physical activity” 

(Meijman, 1997, p. 32). These definitions indicate the multifaceted nature of fatigue. 

Therefore, for this study, ‘fatigue’ was defined as a biological drive for recuperative 

rest in which it is recognised as having a decreased ability to perform activities at the 

desired level due to the combined multifactorial manifestation of lassitude, mental 

exhaustion, reduced physical strength, and a contribution of other social factors (Saito, 

1999; Techera et al., 2016; Williamson et al., 2011).  

Fatigue is a complex phenomenon that can be attributed to a diverse range of 

interacting factors and manifests itself in various forms depending on the nature of its 

cause (Saito, 1999; Williamson et al., 2011; Yazdi & Sadeghniiat-Haghighi, 2015). The 

consequences of fatigue do not simply dissipate with the termination of the stressor or 

task, as the individual requires rest and recuperation, which is necessary for the 

individual to return to homeostatic functioning (Craig & Cooper, 1992). The 

consequences of fatigue can vary depending on inter-individual perceptions and the 
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duration of the individual’s exposure to the causal factors (Lu et al., 2017; Sluiter et 

al., 2003). However, these effects of fatigue are best viewed as a continuum ranging 

from mild complaints to severe and disabling manifestations, including overstrain, 

exhaustion, or chronic fatigue syndrome (Dawson et al., 2011). These symptoms 

depend on which type of fatigue is experienced (acute or chronic) and what domain 

(physical, cognitive, or emotional) is affected. 

2.3.1. Acute and Chronic Fatigue  

The temporary state of acute fatigue is a normal, regulatory response to adverse 

conditions that affect an individual due to mental or physical exertion, emotional stress, 

insufficient recovery, or temporary illness (Fang et al., 2013; Techera et al., 2016). 

Aaronson et al. (1999) considered acute fatigue a protective mechanism that usually 

occurs within healthy individuals and has a rapid onset of consequences for a short 

duration. These short-term consequences are vast but are predominantly 

characterised by symptoms such as lack of alertness, physical discomfort, localized 

muscular exhaustion, reduced motor control and lowered physical performance (Lu et 

al., 2017; Schutte, 2006). Furthermore, acute fatigue can impact the psychological 

behaviour of an individual as short-term emotions such as stress, tension, anger, 

sadness, anxiety, or depression can be experienced (Aaronson et al., 1999; Techera 

et al., 2016). The quality of recovery can typically ease acute fatigue through sleep, 

appropriate diet, and exercise (Techera et al., 2016). However, if there is a persistent 

failure to recover from acute fatigue, it can be expected that maladaptive chronic 

fatigue symptoms will manifest (Fang et al., 2013; Winwood et al., 2006). 

Chronic fatigue is perceived as excessive negative symptoms characterised by 

multiple contributing causes accumulated over an extended period (Aaronson et al., 

1999). According to Jorgensen (2008), there is consensus within the literature that a 

minimum duration of 6 months of continuous exposure to acute fatigue or contributing 

factors must be considered chronic fatigue. Symptoms for chronic fatigue are 

associated with considerably more significant distress and disability than acute fatigue 

(Jorgensen, 2008; Techera et al., 2016). Such symptoms include irregular energy 

patterns for physical activity, musculoskeletal disorders, long-term depression, 

reduced concentration, and negative emotions about the job (Fang et al., 2013; 

Techera et al., 2016). Chronic fatigue has additionally been found to produce a variety 
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of medical conditions, such as hypertension, cardiovascular disease, type two 

diabetes, adverse reproductive outcomes, and obesity (Dawson et al., 2011; Lerman 

et al., 2012; Yumang-Ross & Burns, 2014). Effects of chronic fatigue are not reversed 

through standard recuperative efforts for recovery, such as bed rest; higher needs for 

recovery (e.g., seeking medical attention) will be required (Sluiter et al., 2003). 

2.3.2. Physical, Cognitive, and Emotional Fatigue 

From the various definitions of fatigue, it is evident that there are different types of 

fatigue. Physical fatigue reduces the muscles’ ability to exert force when exposed to 

prolonged physical exertion (Sedighi Maman et al., 2017). Physical or localised 

muscle fatigue can result in discomfort, diminished motor control, and reduced 

strength capacity (Sedighi Maman et al., 2017). However, physical fatigue may also 

serve as a protective function leading to the termination of the task because of 

depleted resources and energy that could prevent injury if the task was continued. If 

ignored or prolonged, physical fatigue may be severe enough that injuries or 

musculoskeletal disorders may transpire, leading to temporary or long-term disability 

(Jorgensen, 2008). Repetitive activation of a localised muscle group through dynamic 

or static exertion consumes more energy than a relaxed muscle group; therefore, 

muscles activated regularly are more susceptible to muscular fatigue (Techera et al., 

2016). In occupational settings, common complaints of physical fatigue include 

discomfort experienced in the neck, arm, and lower extremities owing to the task-

related nature of work that is repetitive and requires awkward working postures and 

prolonged standing (Halim et al., 2012; Saito, 1999). Therefore, monotonous, 

repetitive tasks require prolonged standing, and static working postures, such as those 

required during citrus sorting, are vulnerable to physical fatigue effects and 

performance decrements over extended periods (Williamson & Friswell, 2013). 

Furthermore, physical fatigue has been recognised to impact the performance of the 

physiological and psychological domain of the worker (Åhsberg, 1998).  

Cognitive fatigue refers to decreases in the ability to process and respond to a stimulus 

cognitively, ultimately diminishing competency, productivity, and error avoidance 

(Boksem et al., 2005; Techera et al., 2016). Cognitive fatigue has multiple outcomes, 

including tiredness, loss of task motivation, and cognitive dysfunction, which 

sometimes overlap with symptoms of stress, negative emotions, and mind-wandering 
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(Matthews, Desmond, & Hitchcock, 2017). Additionally, cognitive fatigue within an 

occupational setting contributes to consequences that include impaired sustained 

attention, decreased motivation to continue with the task, difficulty processing 

information along with poor psychometric coordination, longer reaction times, and a 

sensation of weariness that affects subjective perception and visual acuity (De Vries 

et al., 2003; Yazdi & Sadeghniiat-Haghighi, 2015). The aetiology of cognitive fatigue 

in the work setting can be a combination of several influencing sources that can 

emerge from work-related and non-work-related factors that produce difficulty in 

focusing attention or responding to necessary stimuli (Techera et al., 2016).  

Emotional fatigue (also cited as ‘psychosocial’ fatigue) refers to the sensation of being 

overextended and depleted of one’s emotional resources, contributing to the 

cumulative process of emotional burnout (De Vries et al., 2003). The development of 

emotional fatigue impacts each individual differently depending on their emotional 

predisposition and distress resilience (Techera et al., 2016). Negative emotions such 

as fear and sadness can be experienced differently by individuals because of the 

different emotional impulses each individual holds. A study by Ala-Mursula et al. 

(2005) indicated that 16 139 employees from the Finnish public sector displayed 

accelerated fatigue when working under stressful conditions, especially for employees 

previously recorded as emotionally vulnerable. When stressful work conditions are left 

unchanged, they will contribute towards the accumulation of fatigue and consequently 

affect the individual’s emotional state. In an occupational setting, shift workers have 

reported common psychological disturbances of anxiety and depression (Fang et al., 

2013). These emotional states negatively affect the emotional capacity of the 

employee. Consequently, there is a reduced willingness to maintain goal-directed 

behaviour aimed at executing a task (De Vries et al., 2003). 

2.4. CAUSAL FACTORS OF OCCUPATIONAL FATIGUE 
In the work setting, fatigue is one of the most common complaints among industrial 

workers, as it affects every individual, regardless of skill level and experience (Dawson 

et al., 2011; Yazdi & Sadeghniiat-Haghighi, 2015). The Job Demands-Resource (JD-

R) model assumes that every occupation has specific risk factors associated with job 

stress, which can be classified into job demands and job resources (Bakker & 

Demerouti, 2007; Bauerle et al., 2018).  
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Job demands refer to those physical, psychological, social, or organizational aspects 

of the job that require continuous physical or psychological effort (Bakker & Demerouti, 

2007; Demerouti et al., 2001). This effort is associated with physiological and 

psychological consequences, such as fatigue (Demerouti et al., 2001). Examples of 

job demands include high work pressures, unfavourable physical environments, and 

emotionally demanding interactions with supervisors and co-workers (Bakker & 

Demerouti, 2007). Those demands may not always be harmful; however, they 

predominately accumulate into task-related stressors when they require high effort, 

resulting in the employee recovering efficiently from the stressors (Bakker & 

Demerouti, 2007). The greater the demands or stressors, the greater the negative 

consequence experienced by the individual (Xanthopoulou et al., 2007). Injury, errors, 

or fatigue can result from too many demands that coincide with insufficient resources 

to recover (e.g., the opportunity to sleep, rest breaks, and diet) (Bauerle et al., 2018).  

Job resources refer to those physical, psychological, social, or organizational aspects 

of the job that either function in achieving work goals, reduce job demands, reduce 

negative consequences on the individual, or stimulate personal growth, learning, and 

development (Bakker & Demerouti, 2007; Bauerle et al., 2018). Hobfoll (2001) defines 

resources as those objects, personal characteristics, or conditions that are valued 

because they act as channels of protection from symptoms affecting human 

performance, such as fatigue. The ‘conservation of resources theory’ by Hobfoll (2001) 

states that human motivation is directed towards maintaining and accumulating 

resources. Job resources can be located at different levels of a working system, such 

as the organisational level (pay, job security, and opportunities), the interpersonal and 

social level (team climate, supervisor and co-worker support), the organisation of work 

(participation in decision making), and at the level of the individual (rest, recovery, 

resilience) (Bakker & Demerouti, 2007). Some individuals, however, appear to operate 

much more efficiently than others under conditions that induce fatigue, as individual 

differences and different non-work contexts influence personal resilience and recovery 

methods for fatigue (Matthews, Desmond, & Hitchcock, 2017). 

Researchers have required help illustrating the complex relationship between the 

causes and consequences of fatigue, especially within occupational settings, due to 

the diverse origins (work and non-work influences) of its aetiology (Kant et al., 2003; 
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Techera et al., 2016). Gibson et al. (2003) acknowledge that there is no conclusive 

evidence that a single factor can be responsible for the onset of fatigue as several 

input factors contribute towards the development of fatigue. The multifactorial nature 

of fatigue complicates locating its origins, as some causal factors may exacerbate 

other causal factors that influence or enhance the consequences of fatigue (Techera 

et al., 2016). In an occupational setting, these causal factors may exist in many 

different forms and can influence the worker in several ways (Grandjean, 1979). 

Kant et al. (2003) applied an epidemiological approach to developing a conceptual 

model of fatigue in occupational settings that illustrates the multifactorial causation of 

fatigue and the complex interactions of different risk factors that result in 

consequences for workers and the occupational system (Figure 1). According to this 

model, fatigue (light grey lines) is the result of merging factors at work (‘work 

situation’), outside of work (‘private situation’), and the individual characteristics of the 

worker, all of which collectively contribute towards the formation of negative 

consequences such as sick leave and disability. Many elements within the work 

situation can contribute towards fatigue within the workplace. These work situation 

elements include but are not limited to, the physical work environment, social 

interactions with work colleagues, conditions of employment, and the nature of the 

task (Kant et al., 2003). The private situation affects how employees manage their 

time away from work, as domestic and social life attributes may compromise their 

prescribed recovery periods (Kant et al., 2003). Lastly, the individual characteristics, 

such as health status, personality, and coping mechanisms of the employee vary 

vastly per individual and their responses to fatigue  (Horrey et al., 2011). 
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Figure 1: Conceptual model for epidemiological research on fatigue in the working 
population (Kant et al., 2003). 

The model depicted in Figure 1 also indicated that the level of fatigue determines the 

intensity of the negative consequences (dark grey lines). It ultimately creates feedback 

loops that impact the exposure variables of the work situation, the private situation, 

and the individual specifically. The greater the exposure intensity of the stressor 

provoking the negative consequences, the higher the incidence of health effects on 

the individual. External elements outside the work environment contribute to fatigue’s 

aetiology and natural course. These external elements described by Kant et al. (2003) 

include the work organisation, occupational health service, and primary health care, 

contributing to fatigue and its consequences (Kant et al., 2003). The work organisation 

structures the workload and sets the tempo for the employees’ work intensity as the 

management of an organisation determines the policies, procedures, rules, and 
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practices that employees must follow (Murphy et al., 2014; Rasmussen, 1997). These 

policies and practices created by the work organisation are determined by other 

external influences, such as international guidelines or corporate standards (e.g., in 

the case of this study, the citrus fruit regulations and phytosanitary management), 

which formulate the work structure (Rasmussen, 1997). Occupational health services 

are an element of public labour that promotes and protects all employees’ physical, 

cognitive, and social well-being in all occupations. Primary health care provides 

consultation or professional treatment to workers who may be experiencing the 

consequences of severe fatigue (Kant et al., 2003). These two elements provide a 

positive contribution to alleviating fatigue symptoms. 

This illustration by Kant et al. (2003) depicts that there is no single countermeasure to 

combat fatigue, owing to its multidimensional causation; thus, numerous barriers and 

safeguards need to be put in place to mitigate the possible accumulation of fatigue. 

To build a comprehensive understanding of fatigue prevalence, causal factors were 

identified between the three work environment elements (work situation, private 

situation, and individual) based on previous research and the relationship among all 

elements in the model. Each work system element has different causal factors and is 

described under the following sub-headings. 

2.4.1. Work situation 

Work organisation policies and practices have been known to contribute to causal 

factors of poor employee well-being, such as worker fatigue (Bakker & Demerouti, 

2007). Examples of contributing organisational factors include worker training, work 

team make-up, workload, operating procedure, time pressures, and time-on-task 

(Satterfield & Van Dongen, 2013). Organisational elements such as work schedules, 

overtime work, wage payments, staffing numbers, training, and inter-shift rest periods 

are determined by management and contribute to employees’ mental and physical 

well-being (Carayon & Smith, 2000).  

Conditions of employment 

The global rhythm of industrial work has changed to a more intense and rapid pace, 

including work around the clock (Folkard & Tucker, 2003). Therefore, shift systems 

have become an essential component of organisations, and it is the organisation’s 

decision as to which shift system schedule would strike a balance between worker 
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well-being and occupational productivity as they vary widely across different working 

systems (Folkard & Tucker, 2003; Ora et al., 2016). However, it is well-established 

that individuals employed on night shift schedules are more prone to fatigue and 

sleepiness than typical day workers as their natural sleep-wake cycle is compromised 

(Tucker & Folkard, 2017; Caldwell et al., 2019). This is primarily due to restricted 

opportunities to follow their sleep schedules as required by their circadian rhythm 

(Tucker & Folkard, 2017). Fatigue due to sleep loss affects how employees’ effort is 

regulated as it decreases available cognitive resources and increases the effort 

required to complete the task (Williamson et al., 2011). Sleep loss makes it difficult for 

employees to fully engage in the task, work efficiently, and keep up with the work pace 

of the system. The citrus sorting task demands substantial perceptual attention; thus, 

adequate cognitive resources are required to ensure consistent and efficient 

performance (Bollen & Prussia, 2014). However, consecutively working several night 

shifts will result in individual adjustments to the demands placed on their circadian 

rhythm and allow them to adapt accordingly (Åkerstedt et al., 2014). No shift system 

is, however, perfect, as numerous shift system designs depend on the working 

situation and context. As pointed out by Tucker & Folkard (2017), there is no definition 

of a ‘good’ shift system, but rather ‘better’ shift systems, namely those that minimise 

the build-up of fatigue as they minimise sleep and circadian disruption through 

maximum rest intervals. 

Company strategies to prevent fatigue may be achieved within the workplace through 

suitable work breaks, exercise breaks, or social interactions (Lerman et al., 2012). 

This is known as micro-recovery (Winwood et al., 2006). Rest breaks have been found 

to contribute positively to overall productivity as they allow workers to temporarily 

disengage from the workplace and recuperate from the work demands, such as 

through the replenishment of resources (Satterfield & Van Dongen, 2013). 

Management must ensure that break intervals are issued during periods that would 

benefit the workers and that the length of the break intervals is sufficient. When rest 

breaks are inadequate or inappropriately scheduled, worker burnout can be 

detrimental to worker well-being and productivity (Meijman, 1997). 
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Work conditions 

Researchers have highlighted that the physical work environment imposes stressors 

that, over time, may negatively impact the work process and hinder employee well-

being (Carayon & Smith, 2000). These environmental influences involve lighting, 

noise, temperature, and workplace layout (Carayon & Smith, 2000). Elements such as 

sufficient light intensity were found to increase the arousal of workers and often have 

a positive effect on cognition, especially for tasks that require sustained attention 

(Caldwell et al., 2019). In contrast, sleep studies have shown that low light intensities 

(<200 lux) increase individuals’ levels of sleepiness (Åkerstedt et al., 2014). When 

considering noise levels, it has been acknowledged that elevated noise levels promote 

fatigue levels through overstimulation (Techera et al., 2016). This overstimulation 

produces negative cognitive consequences such as attention disruptions, 

disengagement, and vigilance stressors (Carayon et al., 2006; Warm et al., 2008). 

Similarly, exposure to extreme temperatures leads to thermal stress and can alter 

neural function, reduce blood flow to muscles, and cause discomfort (Mahdavi et al., 

2020). These effects of temperatures are accredited to discomfort and physical and 

cognitive fatigue (Mahdavi et al., 2020). Lastly, poor workspace design has been 

shown to influence awkward work postures and movements that contribute to physical 

fatigue and can lead to diminished task performance (Carayon & Smith, 2000). When 

workplaces are poorly designed or misaligned with the worker’s capabilities, physical 

fatigue can contribute towards musculoskeletal disorders (Yung et al., 2014). Thus, 

workplaces need to be adequately designed to provide comfort and flexibility for the 

worker, as it can induce positive physical and psychosocial effects, improving 

organisational output (Murphy et al., 2014). 

Work relations 

The social environment is the network of social relationships within the work system 

that facilitate social support for employees through management and co-worker 

interactions influencing work behaviours (National Research Council and Institute of 

Medicine, 2013). Carayon et al. (1999) defined psychosocial work factors as the 

perceived subjective aspects of the work organisation that have an emotional 

connotation for other workers, supervisors, and managers. Social support can 

alleviate perceptions of fatigue, while conflict may produce negative emotional fatigue. 

Daily harassment, or workplace abuse, from other co-workers or supervisors for 
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prolonged periods can cause severe mental fatigue and psychological instability 

(Techera et al., 2016). Different workgroups, with different supervisors or shift 

schedules, can experience different levels of strain even when working within the 

same work system and performing similar tasks (Murphy et al., 2014). Additional 

psychosocial work factors such as perceived workload, lack of job control, lack of job 

promotion, and doubt of one’s job future can prompt short-term influences on cognitive 

fatigue that may disturb an individual’s cognitive processing (Carayon & Smith, 2000). 

Work content 

Occupational tasks warrant specific job demands of the worker and require different 

types of work (cognitive and physical) (De Vries et al., 2003; Verdonk et al., 2010). 

Numerous task-related attributes have been linked to fatigue and contribute towards 

performance decrements (Williamson et al., 2011). Job demands contribute towards 

different stressors on the worker, which are generated from the type of work, time-on-

task, and workload. 

Cognitive work is a critical component of most modern industrial work activities that 

involve workers maintaining sustained attention or vigilance, mainly on production 

lines (Warm et al., 2008). Vigilance is the ability of the individual to maintain a fixed 

focus of attention on a stimulus or work task over a prolonged period (Head & Helton, 

2014). Psychological repetitiveness or extended periods of cognitive processing (e.g., 

prolonged vigilance, lack of challenge, or unstimulating work) have been documented 

to promote mental fatigue, which in turn threatens organisational effectiveness and 

worker well-being (Pascale Carayon & Smith, 2000; Mehta & Parasuraman, 2014). 

There have been apparent performance impairments for cognitive tasks requiring 

sustained attention or vigilance, particularly in monotonous tasks, with citrus sorting 

as one example (Horrey et al., 2011). An individual’s ability to remain vigilant for 

effective performance depends on several factors, such as the number of mental 

resources available within their capacity and their resilience to cognitive stressors 

(Head & Helton, 2014).  

Furthermore, when a task requires physical repetitiveness, sequential movements of 

the body segments become modified as the muscular forces and movement 

coordination are altered due to muscle activation being affected by physical fatigue 

(Sedighi Maman et al., 2017). Generally, repetitive work requires a rapid pace and 
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frequent movements or physical exertions of the same body part (Kilbom et al., 1996). 

Thus, regular exposure to physically demanding job demands where the frequency of 

exertion is high or the worker does not receive a sufficient recovery can result in 

persistent fatigue or discomfort (Kilbom et al., 1996; Yung et al., 2014). Exposure to 

prolonged physical fatigue induced by the task can lead to discomfort, pain, and 

potentially musculoskeletal disorders if ignored for a substantial period (Mahdavi et 

al., 2020). However, gradual exposure to increased physical exertion has a training 

effect on the musculoskeletal system and allows for adaptation to the work demands 

(Kilbom et al., 1996). 

Time on task is often referred to as time spent on a task or the work shift (Williamson 

et al., 2011). When high job demands are imposed over prolonged time-on-task 

periods, harmful fatigue outcomes can evolve, such as emotional exhaustion, lapses 

in concentration, job-related depression, and severe physical disability (Demerouti et 

al., 2001). As time-on-task progresses, mental and physical resources are depleted 

more rapidly than can be replenished, which commonly induces performance 

impairments (Head & Helton, 2014). Time-on-task could influence occupational fatigue 

if not managed correctly, as it can be potentially compounded by the time of day in 

which the task is executed, the worker’s waking time, and the time since the last rest 

break (Williamson et al., 2011). Rest breaks help alleviate the stressors produced on 

individuals through prolonged time on task when engaged with physically or 

cognitively intensive tasks (Satterfield & Van Dongen, 2013). 
 
The workload is another task-related factor known to contribute to fatigue and has two 

components: the quantity of work and the complexity of the work to be performed 

(Maslach & Leiter, 2008). High work quantity (referred to as ‘workload’) is defined as 

the product of task demands and time (Techera et al., 2016). It is known that intensified 

cognitive and physical work demands that exceed an individual’s capabilities may 

result in burnout (Maslach & Leiter, 2008). A systematic review by Kolus et al. (2018) 

concluded that there was ample evidence of an association between increased 

workload and reductions in work accuracy. Furthermore, it has been found that heavy 

workloads can negatively impact sleep quality, which can induce high levels of 

perceived sleepiness (Techera et al., 2016)  
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It was once thought that the adverse effects of fatigue occurred only during complex 

physical and cognitive tasks over a prolonged period (Williamson et al., 2011). 

However, it is now acknowledged that simple or monotonous tasks over a sustained 

period can also have performance decrements due to worker fatigue or increased 

sleepiness (Williamson et al., 2011). Much research indicates that monotonous work 

tasks cause significant boredom in the workplace, negatively impacting cognitive 

processes and reducing alertness (Loukidou et al., 2009). Additionally, Williamson et 

al. (2011) clarified that instead of monotonous tasks causing fatigue, symptoms of 

sleepiness might manifest because of the low-stimulus simulations of monotonous 

tasks. Thus, monotonous tasks, such as citrus sorting, could induce symptoms of 

sleepiness. 

2.4.2. Individual characteristics 

Individual characteristics play a significant role in the development and sensation of 

fatigue as the fatigue threshold, defined as an individual’s ability to tolerate or resist 

fatigue, varies between individuals (Dawson et al., 2011). The individual component 

is influenced by the ‘health’ of the employee and the ‘coping’ mechanisms used by the 

employees. However, it should be recognised that numerous other individual factors 

also influence the onset of fatigue resilience (Carayon & Smith, 2000). Inter-individual 

differences in health status and demographics influence an individual’s resilience to 

combat the nature of the stress response and the accumulation of fatigue (Carayon & 

Smith, 2000). Additionally, individuals can cope with fatigue responses differently, 

which determines how rapidly they can recover from fatigue symptoms. 

Several demographic factors of an individual, such as gender, age, educational level, 

personality, cultural obligations, and socio-economic status, can differentially 

contribute to fatigue and its negative consequences, especially when coupled with the 

context the individual resides within (Horrey et al., 2011). Fatigue responses, 

particularly endurance in physical task activities, have shown to be higher in 

individuals with older age (Mahdavi et al., 2020); however, this finding is contradictory 

as some studies report no differences in fatigue levels between different ages 

(Winwood et al., 2006). A gender-based study by Engberg et al. (2017) on the general 

population confirmed that women living in a lower socio-economic level were reported 

to be more fatigued. Although this study was conducted in a Swedish context, it can 
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be speculated that women and those living in poverty are potentially at a higher risk of 

fatigue. These findings concur with those of Sluiter et al. (2003), who state that 

individuals of low socio-economic status, as defined by personal income, occupation, 

and education level, are considered to suffer worse health effects than people from a 

higher socio-economic group. Furthermore, an individual’s personality traits influence 

how fatigue is perceived as resilience to anxiety and fluctuation in mood changes is 

different across individuals (Samaha et al., 2007). 

Furthermore, the overall health status of an individual can influence an individual's 

fatigue profile; for example, individuals with underlying comorbidities have 

accumulated pressures to recover from their disturbed homeostatic state to function 

effectively (Finsterer & Mahjoub, 2014). Comorbidities that affect an individual’s health 

status may include underlying chronic illnesses, depression, effects of continuous 

consumption of alcohol or drugs, or pre-existing acute illnesses (Finsterer & Mahjoub, 

2014). While a healthy individual may experience minor symptoms of fatigue, the same 

individual may perceive more severe fatigue symptoms during acute or chronic illness 

(Finsterer & Mahjoub, 2014). The fatigue prevalence rate in the Dutch population was 

36.4% higher, predominantly in individuals associated with unhealthy living conditions 

and chronic illnesses (Kocalevent et al., 2011). 

When faced with fatigue, individuals rely on different coping mechanisms to manage 

its negative consequences. Individuals are primarily responsible for protecting 

themselves from fatigue consequences by acquiring the necessary coping 

mechanisms and recovery methods. The most common self-administered coping 

mechanism for fatigue is the consumption of caffeine, which is present in many foods 

and drink items such as coffee, tea, energy drinks, supplements, or chocolates as it 

acts as a stimulant (Satterfield & Van Dongen, 2013; Schutte, 2006). However, 

caffeine is a short-term solution to alleviating symptoms of sleepiness and fatigue 

(Geiger Brown et al., 2014). When considering recovery, Techera et al. (2016) 

describe recovery from fatigue as reversing the adverse effects of mental and 

muscular exertion to the return of the pre-fatigued state through rest, but 

predominantly through sleep. The primary method for recovery from work-related 

fatigue occurs during non-work periods, known as inter-shift recovery (Winwood et al., 

2005), but can also encompass more extended non-work periods such as weekends 
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or vacations. If recovery is not achieved because of accumulated sleep loss, the sleep 

deprivation process can be converted to chronic fatigue, resulting in long-term severe 

mental and physical health problems (Techera et al., 2016). 

Sleep loss or sleep deprivation is arguably the most common and the most significant 

factor contributing towards the development of fatigue (Dawson et al., 2011; Techera 

et al., 2016). Most individuals require between 7-8 hours of sleep per night to function 

optimally the following day; however, sleep requirements differ between persons due 

to inter-individual characteristics (Lerman et al., 2012). Factors influencing sleep 

behaviour include genetic makeup, attitudes towards sleep, knowledge of sleep 

benefits, health, disease, and living conditions (Caldwell et al., 2019). However, these 

factors that influence sleep behaviour are embedded in the societal context in which 

the individual is positioned, such as their socio-economic status, sleep environment, 

occupation, family demands, and home circumstances (Caldwell et al., 2019). The 

effects of partial sleep loss (2-3 hours of sleep loss a night) can last several days and 

can generate a noticeable reduction in performance that may harm the well-being of 

the individual (Dawson et al., 2011; Techera et al., 2016; Williamson et al., 2011). 

Sleep debt can originate from a reduced quality and quantity of sustained sleep or an 

extended time awake, as it produces a homeostatic drive to sleep (Williamson et al., 

2011). Sleep loss studies conducted via imaging and functional performance tests 

demonstrate that the prefrontal cortex region in the brain is severely affected by sleep 

loss (Caldwell et al., 2019; Dawson et al., 2011). 

Although demographic traits, health status, coping mechanisms, and recovery 

methods influence the fatigue profile at the level of the individual, the private situation 

may influence the fatigue profile with additional stresses. The association between the 

private situation plays on the work situation, and the individual can be seen with the 

arrows representing a feedback loop (Figure 1). 

2.4.3. Private situation 

An individual’s personal life outside of the work environment, such as their social life 

at home (e.g. caregiving duties, presence of a new-born, hobbies, social support, 

exercise) and commuting times to and from work, may negatively affect the worker’s 

recovery from fatigue (Satterfield & Van Dongen, 2013). Furthermore, some activities 

(i.e. substance abuse or social interactions) can contribute towards the inadequate 
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use of the provided recovery periods following work shifts (Techera et al., 2016). When 

a home or social demands interfere with the devoted inter-shift recovery period, fatigue 

can accumulate and filter through to work again, hindering the performance of the 

individual when returning to work (Winwood et al., 2006). Additionally, social demands 

vary significantly between workers as diversity exists within family obligations, social 

activities, commuting times to work, and the absence or presence of sleep 

opportunities during non-work hours (Dawson et al., 2011). Furthermore, the recovery 

period is interfered with when workers (especially women) have dependents at home 

that require domestic responsibilities and care duties. These dependents can be 

infants, adolescents, or elderly relatives. Winwood et al. (2006) found that workers 

with a spouse or partner have an advantage in recovering from stress or fatigue 

because of the positive value of companionship that allows for sharing domestic 

duties, tensions, and concerns. Understanding the development of occupational 

fatigue arguably demands a holistic understanding of the non-work activities, the work-

related factors, and the individual’s recovery process from the efforts of the last shift 

(Winwood et al., 2005). Repeated failure to recover from fatigue can induce negative 

consequences to individual well-being and can further transpire into chronic fatigue 

symptoms (Kajtna et al., 2011).  

2.5. MEASUREMENT OF FATIGUE 
Although several tools exist to assess and quantify fatigue, it is difficult to determine 

which instrument is appropriate to evaluate this construct as it depends on the 

research aims and objectives (Dittner et al., 2004). Fatigue measurement scales can 

be measured subjectively or objectively, where the scales can assess one construct 

of fatigue (unidimensional) or several constructs (multidimensional) (Saito, 1999; 

Shahid et al., 2010). 

Measures of objective fatigue on the individual focus primarily on the physiological 

processes (e.g., electromyography, blood chemical investigation, structural magnetic 

resonance imaging) or on occupational performance (e.g., the number of errors, 

reaction time, or injuries) (De Vries et al., 2003; Finsterer & Mahjoub, 2014). These 

measures are not dependent on the workers’ opinions, impressions, or feelings; 

however, they often require equipment that may be costly due to the equipment 

needed or interfere with the employees’ working abilities (Rahimian Aghdam et al., 
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2019). Additionally, many signs and symptoms of fatigue are essentially a subjective 

experience, which influences the objective measures; thus, fatigue assessments are 

predominantly measured subjectively (Dittner et al., 2004). Subjective measurements 

of fatigue rely on people’s perceptions and include tools and methods such as sleep 

diaries, rating scales, interviews, or questionnaires (De Vries et al., 2003). The 

subjectivity of the symptoms experienced reinforces the importance of a self-reported 

measure that captures the respondent’s point of view rather than the assessor’s 

assumptions (Mota & Pimenta, 2006). With most subjective measurements being self-

report scales, the information obtained from the scale depends on the definition of 

fatigue based on the assessor’s interpretation and what questions are asked, which in 

turn are based on the research question to be answered (Dittner et al., 2004). 

Compared to objective measures of performance, self-reported measures have 

several practical advantages in field research due to their widespread availability; they 

are easy to distribute, inexpensive, and simple to complete for participants and 

researchers (Christodoulou, 2017; Salters-Pedneault, 2020). The different scales can 

measure fatigue severity, phenomenology, the impact of fatigue, or an overall 

perspective; thus, the choice of scale depends on what aspect of fatigue is desired to 

be assessed (Dittner et al., 2004; Mota & Pimenta, 2006). 

Unidimensional scales are designed to obtain a score that captures heterogeneous 

signs, symptoms, and behaviours caused by fatigue (Dittner et al., 2004). When 

unidimensional measures are well-designed and can show good levels of internal 

consistency and test-retest reliability, they can provide meaningful information on a 

specific aspect of the construct of fatigue using a reductionist perspective (Dittner et 

al., 2004). However, suppose an instrument assesses physical fatigue in isolation; it 

only assesses a single component of the phenomenon, where possible increases in 

mistakes of judgment about the severity of the impact can be assumed (Mota & 

Pimenta, 2006). On the other hand, multidimensional assessments are generally 

lengthier and provide a more detailed assessment of fatigue using a holistic approach 

through evaluating qualitative and quantitative data (Dittner et al., 2004). Such detailed 

assessments allow a valuable comparison of fatigue experiences under different 

conditions for descriptive research. They can provide insights into the mechanisms 

that underlie specific aspects of fatigue causation (Dittner et al., 2004). 
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2.5.1. Fatigue Measurement Scales 

The subjective nature of fatigue, the different individual responses to its 

consequences, and the unknown aetiology of fatigue provide difficulty in measuring 

this phenomenon (Åhsberg, 1998; Shen et al., 2006). There is no ‘gold-standard’ 

measuring tool for fatigue; however, several tools seek to evaluate the phenomenon’s 

unique aspects (Rahimian Aghdam et al., 2019). A self-report instrument is arguably 

the most helpful method to determine the subjective nature of fatigue in fieldwork 

research as it is less costly, readily available, and less intrusive to the working 

procedure (Kos et al., 2005). Various forms of subjective unidimensional assessments 

of fatigue have been used in research. 

The Fatigue Assessment Scale (FAS) is a 10-item unidimensional questionnaire that 

evaluates the intensity of symptoms for patients experiencing chronic fatigue 

(Michielsen et al., 2004; Shahid et al., 2010). It has also been defined as the ‘Patient 

Reported Outcome Measure’ as the scale is predominantly used on patients with 

sarcoidosis (Hendrick, 1996). It was developed on large samples of the Dutch working 

and general population where the items were extracted from existing fatigue 

assessments that analysed how the subject generally feels (De Vries et al., 2003). 

The assessment targets ‘general fatigue’ and does not measure emotional stability or 

depression. The scale applies a 5-point Likert scale; overall scores can range from 10 

(lowest level of fatigue) to 50 (highest level of fatigue). 

According to Dittner et al. (2004), the Fatigue Severity Scale (FSS) is one of the best-

known and most-used unidimensional fatigue scales. The purpose of the FSS is to 

measure the severity of fatigue in a manner that explores the perception of fatigue in 

several different medical disorders and facilitates research purposes (Neuberger, 

2003). The FSS is a self-administered questionnaire that contains nine statements 

and is equipped with a 7-item Likert scale. Subjects must circle the value on how 

appropriately the statements applied to them in the preceding week. A low value 

indicates that the statement is irrelevant, while high values indicate agreement with 

the statement. A study by Valko et al. (2008) acknowledged the FSS as a valuable 

tool to quantify fatigue, as it was able to differentiate between patients with different 

diseases and healthy individuals. One disadvantage of this scale is that the questions 

assume that the subject already perceives fatigue; for example, question 6 states, “My 
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fatigue prevents sustained physical functioning”. Therefore, when exploring a 

population sample that is unexplored in previous research, the researcher is not in the 

position to assume fatigue is present.  

However, fatigue is a multifactorial phenomenon; thus, unidimensional fatigue 

assessments fail to capture the whole sphere of fatigue symptoms and are limited to 

research on fatigue prevalence (Shen et al., 2006; Stein et al., 2004). Therefore, an 

overall assessment of fatigue needs to take a multidimensional approach in its 

investigation as different facets of its symptoms need to be acknowledged to 

understand its whole extent (Téllez et al., 2005). Different multidimensional subjective 

fatigue measurement scales include the Fatigue Questionnaire and the Modified 

Fatigue Impact Scale. 

The Fatigue Questionnaire (FQ) is a multidimensional survey that consists of 11 items 

measuring fatigue-related consequences, which target the physical (7 items) and 

mental (4 items) domains of the individual (Dittner et al., 2004). It was initially 

developed as a hospital study for patients with chronic fatigue syndrome. It exhibits 

good validity in the clinical setting but has also been used in a general population study 

in Norway (Loge et al., 1998). The questionnaire queries fatigue symptoms that 

subjects have experienced within the past month and how they perceived the 

consequences to have affected them (Loge et al., 1998). Higher FQ scores were seen 

in individuals that were living with disabilities and those that reported diseases or 

current health issues (Dittner et al., 2004). The popularity of the FQ lies in the speed 

at which it can be completed and the simple structure of its design.  

The Swedish Occupational Fatigue Inventory (SOFI) was developed for practices in 

occupational settings that assess high physical and mental work (Åhsberg et al., 

2000). It was developed to evaluate fatigue by investigating the subjective qualities of 

fatigue in workers of different occupations (Johansson et al., 2008). The instrument 

consists of 25 statements that fall under the different dimensions: lack of energy, 

physical exertion, physical discomfort, lack of motivation, and sleepiness (Åhsberg et 

al., 1998; Åhsberg et al., 2000). Each statement is scored on a 7-point Likert scale (0= 

not at all; 7= to a very high degree) to the question “To what extent do the expressions 

below describe how you feel now, or after work?” (Åhsberg et al., 2000, p. 459). 

However, these statements are singular phrases rather than questions, which may be 
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confusing or misinterpreted by employees who do not have a high level of education 

or if statements are not correctly translated.  

The Modified Fatigue Impact Scale (MFIS) is a modified version of the Fatigue Impact 

Scale (FIS) which was developed for clinical purposes, assessing the overall quality 

of life in individuals with Multiple Sclerosis (Larson, 2013). The 40-item FIS was 

abbreviated to the 21-item MFIS by eliminating items considered content-redundant 

(Larson, 2013). The MFIS is a multidimensional scale that is longitudinal in its 

application as it reports on the physical (9 items), cognitive (10 items), and 

psychosocial (2 items) functioning of the individual over an extended period (Kos et 

al., 2005; Learmonth et al., 2013; Téllez et al., 2005). The threshold score of 38 (out 

of a maximum score of 84) was based on the study of Flachenecker et al. (2002), 

which correlated the MFIS with the Fatigue Severity Scale and its established ‘fatigue’ 

and ‘non-fatigued’ scores. The National Multiple Sclerosis Society has proposed the 

MFIS as a good measuring tool with proven validity and reliability in assessing 

fatigue’s impact on daily activities (Téllez et al., 2005). The MFIS is also considered to 

accurately assess patients with multiple sclerosis in physical, cognitive, and 

psychosocial domains (Téllez et al., 2005). Furthermore, a study by Kos et al. (2005) 

aimed to determine the reproducibility and validity of the MFIS in four European 

countries. This was the first cross-cultural study of MFIS, and it found no significant 

difference in the psychometric properties between the four countries, indicating that 

MFIS is a powerful tool.  

2.5.2. Sleepiness Scales 

Although sleepiness and fatigue are two different entities, many people use the terms 

interchangeably as they are unaware of how to separate the feelings of being sleepy, 

tired, or fatigued (Shahid et al., 2010). Similar to fatigue, sleepiness is multifaceted in 

its development; thus, both phenomena can be influenced concurrently as the lack of 

sleep contributes towards individual fatigue, while increased fatigue levels promote 

sleepiness (Williamson et al., 2011; Yumang-Ross & Burns, 2014). It is thus necessary 

to acknowledge both phenomena, as it will be challenging to determine if the primary 

concern is fatigue or sleepiness. 

Sleepiness is defined as the drive to fall asleep, where the gold standard methods to 

assess sleepiness are multiple sleep latency tests (Åkerstedt et al., 2014). However, 
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these tests, as well as performance measures or electrophysiological variables that 

indicate sleepiness are challenging to implement in real-life contexts as they require 

expensive equipment and training and are intrusive to the individual and the work 

process (Åkerstedt et al., 2014). Therefore, repeated subjective reports of sleepiness 

are a more pragmatic way of gathering information about sleepiness in field research 

as they are quick, cost-effective, and do not interfere with the work process (Åkerstedt 

et al., 2014; Gillberg et al., 1994; Kaida et al., 2006; Miley et al., 2016). Various 

sleepiness scales exist and have been used in research studies. 

The Epworth Sleepiness Scale (ESS) is a self-administered subjective measurement 

of a patient’s perceived sleepiness over a day, and that has been widely used in the 

field of medicine (Johns, 1991). The scale provides subjects with eight different 

‘scenarios’, and subjects are required to rate the probability of them becoming sleepy 

in each (0 being ‘no chance of dozing off’, and 3 being ‘high chance of dozing’). The 

final score predicts whether a subject is experiencing excessive sleepiness and 

requires possible medical attention (Johns, 1991). The ESS acknowledges that 

individuals have different lifestyle factors and living routines; for example, the scale 

does not ask how frequently a subject dozes off while watching television. Instead, it 

asks how ‘likely’ they are to doze off if watching television (Johns, 1991). However, 

some of these scenarios may not apply to participants from lower socio-economic 

backgrounds. For example, some subjects may not own a television or even a car, 

and therefore they would be unable to respond to a statement if it is irrelevant to them. 

The Stanford Sleepiness Scale (SSS) is a self-administered sleepiness assessment 

in research and clinical settings (Shahid et al., 2012). The scale evaluates a subject’s 

perceived sleepiness at a specific moment, making it suitable for repeated use over 

time (Shahid et al., 2010). The scale requires subjects to select one of seven 

statements that best represent their level of sleepiness at that moment. While the scale 

has gained good validity compared with other assessments, it has been acknowledged 

to have a poor correlation with objective measures in some circumstances (Maclean 

et al., 1992). 

Finally, the Karolinska Sleepiness Scale (KSS) was developed as a unidimensional 

scale that explored subjective sleepiness and was validated with other objective 

measures (Åkerstedt & Gillberg, 1990). The KSS is a widely used tool in studies of 
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shiftwork, sleep deprivation, and driving, where its purpose is to assess the subjective 

sleepiness of the individual at a specific time of day (Kaida et al., 2006; Miley et al., 

2016). The KSS requires the subject to integrate and translate the sensation they 

currently experience to statements anchored by a number from 1-9 (Gillberg et al., 

1994). It is a simple, quick, and cost-effective method to assess subjective sleepiness 

in the field and subjects with limited education can easily understand it. 
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3. CHAPTER 3: METHODOLOGY 
3.1. RESEARCH CONCEPT 

This study aimed to monitor the prevalence of fatigue amongst the sorting staff in citrus 

packhouses within the Sundays River Valley throughout one harvesting season and 

to interrogate potential factors that could contribute to its development. It was assumed 

that worker fatigue would increase throughout a citrus harvesting season, which could 

influence their well-being and sorting performance. Furthermore, the multifaceted 

nature of fatigue and the influence of dynamic contributing factors must be 

acknowledged. 

The research approach was to investigate fatigue prevalence and possible causal 

factors by obtaining multiple measurements at intervals throughout a harvesting 

season. This would provide a more realistic representation of the sample’s perceptions 

of fatigue rather than a single “snap-shot”. Quantifying fatigue levels, its progression 

throughout a harvesting season, the dominant type of fatigue affecting the workers, 

and whether shiftwork or specific work-related factors contribute to its development 

could provide vital evidence to inform a suitable fatigue risk-management system. In 

addition, such information would contribute towards future research studies within the 

citrus industry, as little is known about the human factor within the citrus industry.  

To accomplish this, fatigue must be understood holistically as it is multifactorial in its 

causation and diverse in its manifestation. However, the task of understanding the 

nature of fatigue entirely would be too immense; thus, a scope boundary should be 

acknowledged. The researchers focused primarily on elements within the work system 

in which the participants reside. Elements that were assessed in the work system 

consisted of organisational, environmental, task, tool, and individual components. 

Furthermore, non-work-related elements and demographic information were also 

recognised to acknowledge their context but were not the primary focus of the study 

(Wilson, 2000). Likely, some influencing components that may play a role in the onset 

of possible worker fatigue have not been measured. For example, cultural 

background, religion, personality, mood, or diet could influence the participant’s 

perception or recovery of fatigue symptoms. 
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3.2. RESEARCH DESIGN 
This study followed a cohort research design, as the participants all shared the same 

characteristics regarding working positions and work demands at the citrus 

packhouse. This study used a mixed-methods approach to assess the type and level 

of fatigue throughout a harvesting season and determine the contributing factors as it 

captured both qualitative and quantitative data. Tashakkori & Creswell (2007, p. 4) 

define a mixed-methods approach as “research in which an investigator collects, 

analyses data, integrates the findings and draws inferences using both qualitative and 

quantitative approaches or methods in a single study”. The two parts of the study were 

conducted on both day and night shift workers, where the research design is depicted 

in Figure 2.  

 
Figure 2: Visual depiction of research design and process of research design. 

3.2.1. Part 1 

A background questionnaire that was administered once off contained questions 

regarding the participants’ demographics, as well as work-related and non-work-

related questions. The nature of this questionnaire was explorative as there was no 

previous knowledge of the working population available in previous research. This 

questionnaire aimed to obtain insights into the sample investigated and individual 

factors that may contribute to potential fatigue development. This questionnaire was 

PART 1

• BACKGROUND QUESTIONNAIRE
• Once-off in June 2022 (Start of harvest season)

• Demographic
• Work-related
• Non-work-related 

PART 2

• REPEATED ASSESSMENT
• June - September 2022 (Repeated every 3 weeks)

• Contextual questions (lifestyle and work-related) 
• Fatigue and sleepiness surveys (MFIS and KSS)
• Environmental and work output recordings
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distributed at the beginning of the harvest season to workers who consented to 

participate in the study. 

3.2.2. Part 2 

The second part of this study, which took a repeated-measures approach, investigated 

the prevalence of fatigue and contributing factors. Exposure variables that cause 

fatigue may follow different courses of effect at different points of a season, mainly 

when task demands vary according to work pressures (Kant et al., 2003). This 

repeated assessment was structured as a cross-sectional design as data were 

collected repeatedly at selected points throughout the citrus harvest season. 

Variations in responses can only be established when more than one instance is 

examined (Bryman, 2012). Thus, the repeated assessment was administered in three-

week intervals for a complete citrus harvesting season, beginning in April 2022, and 

ending in September 2022. The motive for the three-week cycle was to gather as many 

data points throughout the season as possible while keeping in mind the access period 

granted to the researcher by the packhouse management so that the work processes 

were interrupted as little as possible. Another consideration was that the assessments 

should take place on different days of the week so that intra-week variations in 

workload would be assessed. For example, week one testing would be conducted on 

a Monday, and week two testing would be conducted on a Tuesday (see Appendix 

A.1 for the research schedule). The structure of the repeated assessment began with 

contextual questions about the participant’s lifestyle and work-related factors, which 

was followed by the fatigue and sleepiness surveys. The repeated assessment was 

completed by the participants towards the end of the shift to recognise their perceived 

fatigue levels after a considerable number of hours on the task. Additionally, the 

researcher measured the environmental and work output recordings towards the end 

of the shift.  

3.3. PARTICIPANT CHARACTERISTICS 
Participants recruited for this study had to be employed in the citrus packhouse under 

investigation as a ‘sorter’. Participants could not participate in the study if they were 

promoted or acquired a new job. Additionally, participants were excluded if they did 

not complete the season as a ‘sorter’ due to retirement, promotion, resignation, or their 

employment contract being terminated.  
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The recruitment strategy for the study involved assistance from the packhouse 

management and sorters’ supervisors. Supervisors facilitated ‘freeing up’ employees 

of the day and night shifts from the sorting line to allow the researcher to inform 

employees about the study and to enquire if they would consent to participate.  

3.4. MATERIALS AND TOOLS 
Assessing fatigue is complicated due to its subjective and multidimensional 

characteristics. It is, therefore, usually evaluated through self-report instruments as 

they provide unique assessments of the individual’s experience and current feelings 

of fatigue (Kos et al., 2005; Christodoulou, 2012). Many self-report instruments aim to 

collect subjective information in an approach that may allow for quantitative analysis 

and interpretation of the results (Larson, 2013). The instrument of choice must have 

adequate psychometric properties of validity and reliability to achieve this. 

Furthermore, the language in questionnaires must be accessible to participants 

(Bryman, 2012). Therefore, all assessments and surveys used in this study were 

translated into Afrikaans and isiXhosa for participants to understand the questions 

fully. Answering all questions was voluntary and kept confidential to protect the 

participants’ responses.  

3.4.1. Background questionnaire 

Part 1 of the study comprised a background questionnaire (Appendix A.2) that was 

self-developed as no previous study exists using a sample group in this context that 

could have been used. Close-ended questions were used as most answers did not 

require an extensive reply, thus allowing for categorical responses to be generated for 

inferential statistical data analyses. The first section of the questionnaire focused on 

personal information that aimed to gain insights into the demographics and 

backgrounds of the participants. These include age, sex, home language, race, marital 

status, and the highest level of education. Age and sex were asked to understand the 

biological attributes of the participants, whereby marital status and level of education 

are potential influences that could affect fatigue (Fang et al., 2013). Race and home 

language information would provide a better understanding of the language influence 

to use during testing necessary for translation and possible cultural factors influencing 

the participants. Participants were also asked how many dependents (children and 

elderly) lived within their household. This could indicate how many individuals require 
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parental care when the participants return from work and the financial pressures that 

participants had to support others. Questions about chronic illnesses and perceived 

general health were also asked, as these factors are known to impact the severity of 

fatigue in individuals and further influence their work performance (Finsterer & 

Mahjoub, 2014). An “I prefer not to answer” option was provided to allow participants 

an option not to reveal sensitive personal information if they were not comfortable 

doing so. Lastly, research participants were asked whether they regularly smoked, 

drank (alcohol), or used other substances, as these factors have been acknowledged 

to influence fatigue’s effects or the recovery period. For example, the nicotine from 

smoking is known to cause individuals to struggle to fall asleep or stay asleep 

compared to non-smoking counterparts, which will affect the recovery period of an 

individual suffering from fatigue effects (Caldwell et al., 2019).  

The second section of this questionnaire enquired about the participants’ working 

contexts and the organisation’s work structure. Questions were limited to how many 

years they had worked in the current packhouse they were employed in, how many 

years they had worked as a citrus sorter, whether they had received any previous 

training within the current year, if they had a second paid job, and what transport they 

used to get to work. These questions aimed to understand their work experience and 

potential additional demands that could contribute to fatigue’s multifactorial influence. 

The questionnaire was translated into English, Afrikaans, and isiXhosa so the 

participants could easily understand it. 

3.4.2. Repeated Assessment 

Part 2 of the study also comprised two sections, the first of which was the repeated 

assessment (Appendix A.3) which consisted of a combination of contextual questions, 

the Modified Fatigue Impact Scale, and the Karolinska Sleepiness Scale. 

Contextual Question 

The data collection process started with contextual questions three weeks throughout 

the harvesting season. The questions in this section were also self-developed, as no 

previous assessments had been conducted on a similar sample in this context. These 

contextual questions aimed to gather information about the factors that would vary 

daily or over weeks and could have influenced fatigue development on assessment 

days. Since external elements outside the work environment also contribute to an 
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individual’s fatigue aetiology, it was considered necessary to acknowledge 

participants’ lifestyle components that may have played a role in the fatigue profiles. 

Open-ended questions included waking time, hours of sleep, and whether participants 

consumed caffeine before or during their shifts. Additional factors such as sleep and 

caffeine are known to have short-term effects on perceptions of fatigue (Geiger Brown 

et al., 2014) and were therefore asked every day of the data collection.  

Furthermore, a 5-point Likert scale, ranging from 1 (not manageable) to 5 (very 

manageable), was used to obtain insights into the participants’ perceived work-pace 

(i.e., how rapidly the fruit was moving along the conveyor belts). A second 5-point 

Likert scale, which was extracted from the Standardized Shiftwork Index by Costa et 

al. (1995), was used to recognise to what extent working day or night shift interfered 

with participants’ lifestyle elements such as (a) Sleep, (b) Social life, (c) Domestic life, 

and (d) Work performance. This scale ranged from 1 (never) to 5 (always). It was 

acknowledged that when answering these two scales, there was an inverted direction 

of responses (for work-pace perception: 1= not manageable, whereas for the 

standardized shiftwork: 1= shiftwork never interferes), which may have created 

confusion for participants. However, the two scales were not modified as this would 

have altered the integrity and outcome of the scales. 

Modified Fatigue Impact Scale 

Following the contextual questions was the Modified Fatigue Impact Scale (MFIS), 

which aimed at quantifying the fatigue level and the type of fatigue. It needs to be 

acknowledged that this scale was initially developed to assess the impact of fatigue 

on the quality of life among patients with MS and has been used as an outcome 

measure in several clinical trials (Larson, 2013). This scale has yet to be used within 

a workplace setting or an environment outside of the clinical setting. The motive for 

utilising this tool instead of other existing workplace fatigue scales is due to the 

underlying structure, simplicity, subscale algorithms, and the multidimensional nature 

of the investigation. The structure of the MFIS is short, allowing for a quick response 

time and providing a Likert scale for simple responses. The questions are short and 

simple, thus easy to comprehend for users with limited education or where potential 

language barriers exist. Additionally, Larson (2013) suggests that the MFIS can be 

used as a comprehensive (total score) and multidimensional (separate subscales) 
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assessment of the impact of fatigue among individuals. Multidimensional assessment 

is necessary when researching fatigue prevalence amongst a working population that 

has been unexplored and which aspect of fatigue may impact them. A unidimensional 

assessment scale would not have been appropriate for this study as a holistic 

understanding of the different dimensions contributing to the overall fatigue experience 

is required. 

The MFIS required participants to answer 21 questions by circling a number from 0-4 

(0= “Never”, 1= “Rarely”, 2= “Sometimes”, 3= “Often”, 4= “Always”), which best 

describes how fatigue had, or had not, affected them in the past week. This 

assessment was administered at the end of the shift to explore the levels of fatigue 

experienced following a working shift. In acknowledging the multifactorial nature of 

fatigue, the MFIS contains nine items referring to ‘physical’ fatigue, ten ‘cognitive’ 

items, and two ‘psychosocial’ items. The higher the combined total score, the more 

severe the impact of fatigue on the quality of life (Larson, 2013). The total score of the 

MFIS ranges from 0 to 84, with the ranges of scores for each subscale as follows: 

physical, 0 to 36; cognitive, 0 to 40; and psychosocial, 0 to 8. No data have so far been 

published regarding population norms for the MFIS and its subscales; however, some 

studies, such as those by Kos et al. (2005); Téllez et al. (2005), use a total score of 

38 as a point of reference to differentiate between fatigued and non-fatigued 

individuals (Larson, 2013).  

Karolinska Sleepiness Scale 

The Karolinska Sleep Scale (KSS) is a widely used tool in studies of shiftwork, sleep 

deprivation, and driving (Kaida et al., 2006; Miley et al., 2016). The KSS requires 

research participants to rate their perceived sleepiness in the 10-minutes prior to the 

assessment on a 9-point rating scale (Shahid et al., 2012). This 10 minute time frame 

measures situational sleepiness as an individual’s perception of sleepiness is 

sensitive to fluctuations over a day (Shahid et al., 2012). Ratings from the scale may 

influence how individuals cope with and perceive sleepiness (Gillberg et al., 1994). 

However, the scale does refer to behavioural criteria (e.g. fighting sleep, the effort to 

keep awake) that could potentially be easier to recognise and understand by different 

individuals (Åkerstedt et al., 2014). The simple design of the KSS and the rapid 
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response time required to complete the assessment is the motive for utilising it in this 

study, as it did not significantly interrupt the participant’s work processes. 

3.4.3. Environmental and Work output recordings 

Part two of the repeated assessment included recording environmental conditions and 

work output data. This was to acknowledge the working context and the circumstance 

under which the subjects performed their work. To do so, the researcher made use of 

a self-developed environmental and work output survey to record environmental and 

work-related factors that are known to vary over time (Appendix A.4). This information 

was recorded repeatedly throughout the harvesting season on the same day as 

participants’ fatigue assessments were conducted.  

Environmental factors that were assessed included temperature, noise levels, and 

lighting intensity. Internal ambient temperatures of the packhouse were recorded, as 

it has been noted that prolonged exposure to extreme temperatures may impact the 

influence of fatigue (Techera et al., 2016). The temperature was recorded using a 

thermometer (Major-Tech MT667). Similarly, extreme noise levels are known to affect 

the alertness and vigilance of employees performing tasks, where exposure over a 

lengthy period can result in increased general levels of fatigue (Åhsberg, 1998; 

Lerman et al., 2012). Noise levels were recorded using a sound level meter (EXTECH 

instruments 407730). Lighting intensity at the different sorting stations was recorded 

using a lux meter (Major-Tech MT940) which was held facing upwards at the level of 

the fruit on the conveyor belts. Lighting intensity has been shown to significantly affect 

perceived sleepiness levels (Dawson et al., 2011). Low lighting intensities are also 

known to increase eye strain as detecting defective fruits in low contrast for citrus 

sorters is more complicated (Bollen & Prussia, 2014).   

Questions regarding the work output were obtained from the packhouse supervisors 

and included shift start and end times; the number of sorters per shift; the number of 

crates offloaded; and the length of rest breaks. This information was considered vital 

as these are workload indicators, which could impact the work pressures experienced 

by participants and may, in turn, contribute to fatigue development.  
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3.5. ETHICAL CONSIDERATION 
Before the start of the study and the distribution of the survey for phase one, an ethics 

application was reviewed and approved by the Rhodes University’s Human Ethics 

Committee (tracking number: 2022-5389-6652) (Appendix B.1). This ethics application 

addressed issues about informed and voluntary consent, risks, and benefits of the 

study, anonymity, and confidentiality of data. A letter of information was provided to 

packhouse management (Appendix B.2) to grant gatekeeper permission, after which 

sorters were recruited to participate in the study. All participants were issued a letter 

of information (Appendix B.3), which was also presented verbally to the participants. 

A consent form (Appendix B.4) was signed by sorters who agreed to participate in the 

research study. Participation was voluntary for all the participants.  

3.6. PROCEDURES 
Once ethical approval and gatekeeper permission for the study had been obtained, 

participants were recruited and informed about the different parts of the study. 

Questions that participants may have had were answered to their satisfaction, the 

consent forms were signed, and participants were told when the study would 

commence. The procedures for this study were the same for both the day and night 

shifts. 

The first part of the study involved administering the background questionnaire. Each 

participant was required to complete this questionnaire. Participants were individually 

relieved temporarily from their sorting stations by packhouse supervisors. They 

completed the questionnaire in a conference room near the sorting station, which 

allowed for minimal interruptions of the sorting lines. The researcher was present while 

the participants completed the survey in case there were any queries or 

misunderstandings of specific questions. The participants would return to their sorting 

stations after completing the questionnaire, and the next participant would follow. 

Upon the request of packhouse management, this survey was conducted two weeks 

into the harvesting season (31 May 2022) to allow employees to settle into the working 

rhythm first before the minor disruptions of the study. Codes were allocated to each 

participant to ensure anonymity.  

The second part of the study began on 8 June 2022 and ended at the end of the 

harvesting season (21 September). The researcher visited the packhouse in 3-week 
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intervals, totalling six visits for the season. Similar to the first part of the study, 

participants were taken off the sorting line individually to complete the repeated 

assessment in the conference room to provide participants with privacy while 

completing the assessment. The researcher was again present during their 

assessment to answer any queries or misunderstandings to specific questions. 

Testing of the day-shift participants began at 14h30 while testing for night-shift 

participants commenced at 01h00. Due to logistical reasons, including absenteeism 

and the time it took to administer the fatigue assessment on a one-on-one basis, the 

day-shift participants were split into two groups, with testing taking place on 

consecutive days. These groups were to be kept consistent throughout the study 

duration. Furthermore, only one group on the night shift was assessed. The researcher 

completed the environmental and work output recordings as they did not require input 

from the participants. It was completed at the end of the shift, so information such as 

“number of crates offloaded” and “number of sorters per sorting room” could be 

obtained from the supervisors.  

3.7. STATISTICAL ANALYSES 
The data captured for each participant’s responses were compiled into a single 

Microsoft Excel spreadsheet. Data underwent a cleaning and reduction process before 

they were analysed. This cleaning process involved identifying outliers or invalid 

responses. The nominal data were then converted into numerical values to enable 

statistical analyses to be performed. Furthermore, repeated measures analyses would 

not be possible if participants had left out a single data point for a given variable (e.g., 

because of being absent on the day). They would lead to several datasets being 

excluded from the entire analysis for the variable. To prevent this, missing data were 

inserted by averaging the two adjacent scores for the missing data point (e.g., if the 

week two physical subscale score was missing, week one and week three physical 

subscale scores were averaged to substitute for the missing week two data point). 

While this practice comes with limitations and given the paucity of information on 

fatigue development in this context, the assumption was made that fatigue responses 

increased linearly and substituting the missing data points with an average value of 

the adjacent data points was considered appropriate. Data substitution was 

considered reasonable only if participants had missed one data point (e.g., one day). 

If they had missed more than one data point for a given variable, they would be 
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excluded from that analysis. The data were then transferred into the Statistica 

Software, Model: Statistica 14 ã, TIBCO Software Inc. Version no. 14.0.0.15. USA 

(1984-2020) for statistical relations to be assessed. Initial descriptive statistics such 

as the mean, mode, median, standard deviation, and coefficient of variation were 

calculated for the different variables and the different days of data collection. These 

descriptive statistics were conducted on all variables within the generic questionnaire, 

the fatigue assessment, and the environment and work output results. Additionally, 

categorical data were converted into percentages to allow for comparison and 

interpretation.  

The Shapiro-Wilks test for normality distribution was used to select the most 

appropriate tool for inferential statistics. Data sets with p>0.05 are normally distributed, 

whereas p<0.05 are regarded as not normally distributed. When the Shapiro-Wilks 

analysis confirmed normality, a GLM model analysis was used to identify the 

differences across weeks, shifts, and individual scores for the MFIS and KSS datasets. 

A GLM analysis provides multiple linear patterns for the continuous response variables 

and graphically displays the distribution of the different datasets (Brown & Prescott, 

2014). Furthermore, the GLM is considered a mixed methods analysis model with 

which both normally and non-normally distributed data can be evaluated (Brown & 

Prescott, 2014). The confidence level was set at 95%, meaning significant differences 

were identified at a p-value of less than 0.05. Any significant differences identified 

underwent Tukey post-hoc analyses to determine where the differences lay at p<0.05. 

Pearson’s Product-Moment correlations were also conducted to determine any 

associations between the fatigue responses and the individual and work-related 

factors. The relationships between two variables are denoted by the letter r and 

expressed by a value that ranges between -1 and 1 (Akoglu, 2018). 0 signifies no 

correlation, while a value that is 1 or close to is considered a strong or perfect 

correlation. Akoglu (2018) indicates that 0 < r > 0.4 is considered weak, 0.4 < r > 0.7 

is moderate and 0.7 < r > 1 is regarded as strong. These statements are the same 

when the r value has a negative correlation. The p-value was set again at 0.05 to 

identify any significant correlations. 
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4. CHAPTER 4: RESULTS 
4.1. WORK SYSTEMS DESCRIPTION 

Four citrus companies were contacted within the Sundays River Valley (SRV) and 

were invited to participate in the study. Of these, only one citrus company permitted 

the study to be conducted in their packhouse. The majority of the workers employed 

in the packhouse were sorters and packers, plus some managerial and support staff. 

The packhouse worked on a five-day per week work schedule (Monday-Friday) and 

employed a two-shift system. Day shift employees commenced work at 07h00 and 

ended at 17h00. Three breaks were also provided: one being 20 minutes (09h00-

09h20), another being 10 minutes (15h00-15h10), as well as a 45-minute lunch break 

(12h00-12h45). For the night shift workers, working hours ran from Monday to Friday 

from 18h00 to 06h00, with three breaks. These breaks consisted of two 30-minute 

breaks (21h00-21h30 & 00h00-00h30) and one 20-minute break (03h00-03h20). 

Workers were allocated to the day or night shift; there was no rotation in the shift 

schedule. No work was generally required on weekends, although increased citrus 

supply, usually around the peak of the harvesting season, sometimes required sorters 

and packers to work overtime on weekends.  

The packhouse operation began with unloading bulk fruit bins directly from the orchard 

onto the packing line (Simcox et al., 2001). Each bulk bin was tipped at a constant 

rate, creating a constant flow of fruit received at the pre-sorting station outside the 

packhouse. At the pre-sorting station, the pre-sorters’ task was to identify all apparent 

fruits that would not conform to local or international marketing standards. Apparent 

indications of non-conforming fruits were rotten or split fruits which were removed 

before the washing process to prevent contamination of other fruits. After washing, the 

remainder of the fruits continued along the packing line for pre-sizing, washing, drying, 

and waxing before reaching the main sorting stations. The sorting stations of the 

packhouse consisted of different sorting lines (so-called “rooms'') that the employees 

were allocated. These rooms were designed to allow for different varieties of citrus 

(e.g., Lemons, Clementines, Navels, Deltas, Valentia’s, etc.) to be sorted and were 

thus flexible to the variable volumes and citrus types harvested throughout the season 

rather than having one bulk flow of fruit to be sorted simultaneously. Once workers 

were allocated to a specific room, they would remain in that room for the entire harvest 

season. Three rooms in the packhouse were accessed for the current study. Within 
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each room, the task cycle of the sorters included: 1) monitoring the quality of the 

incoming fruits, 2) deciding on the grade of the fruit, 3) reaching to pick out and discard 

defective fruits from the conveyor and placing them into the discard chute, and 4) 

monitoring the fruits as they move to the next station. This task cycle was repeated a 

few thousand times per shift.  

Sorters were also required to perform additional tasks when the production line was 

placed on hold, such as cleaning and sanitizing their workstation. After sorting, the 

fruits would then be sized and graded by a machine that would direct the fruit to the 

appropriate packing lines according to the standards set by international markets. The 

fruit was packed according to the international client’s specifications, as packaging 

needed to adhere to their demands. Fruit would either be wrapped in paper, packed 

in a specific pattern, have stickers, or have no packaging request at all. Once filled 

with citrus fruit, the boxes were then palletized, and a final inspection of the load would 

occur before being transported to the harbours to be shipped off to the destined 

countries. 

4.2. PARTICIPANT SAMPLE 
Verbal and written consent were obtained from 39 citrus sorters working in this citrus 

packhouse within the SRV. During the harvesting season, two participants were 

promoted, and two further participants resigned from their occupations. Therefore, 

they were excluded from the study, resulting in 35 individuals who participated for the 

entire study duration. However, it should be noted that work attendance varied from 

week to week because of absenteeism or other personal factors, thus affecting the 

overall sample size for each week of data collection. Of the participants that were 

included in the study, 19 were day shift workers, and 16 were night shift workers. The 

descriptive statistics of the participants were recorded, and detailed tables can be 

found in Appendix C.1. A summary of the participants’ demographic profiles is 

presented in Table 1.   
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Table 1: Summary of participants’ demographic profile (n= 35). Results are presented 
as frequencies (percentage in brackets) or means (± standard deviation). 
Gender Female – 35 (100%) 

Average age (years) 38 (±8.78) 

Home language  

English – 1 (3%) 
isiXhosa – 26 (74%) 
Afrikaans – 1 (3%) 
Bilingual – 7 (20%) 

Race ‘Black’/ African – 33 (94%) 
‘Coloured’ – 2 (6%) 

Marital status 
Single/ Unmarried – 29 (84%) 
Married – 4 (11%) 
Widow – 2 (5%) 

Number of dependents* Children – 2 (±1.54) 
Elderly – 1 (±1.53)  

Highest level of education 

Grade 9 – 2 (6%) 
Grade 10 – 9 (25%) 
Grade 11 – 18 (53%) 
Grade 12 – 5 (17%) 

Chronic illnesses 
Yes – 12 (34%) 
No – 22 (63%) 
Prefer not to say – 1 (3%) 

Perceived health status 

Very poor – 0 (0%) 
Poor – 0 (0%) 
Fair – 4 (11%) 
Good – 20 (57%) 
Very good – 11 (31%)  

Substance use  

Yes – 2 (6%) 
No – 23 (66%) 
Sometimes – 8 (23%)  
Prefer not to say – 2 (6%)  

Exercise 

Daily – 3 (9%) 
Three times per week – 0 (0%) 
Once a week – 10 (29%) 
Once a month – 4 (11%) 
Never – 16 (46%) 
Prefer not to say – 2 (6%) 

* Means are rounded to the nearest whole number 

All participants included in the study were female (n= 35), of which the majority 

identified as being ‘Black’/African (94%), while only two (6%) classified themselves as 

‘Coloured’. The mean age of all citrus sorters was 38 years, with the youngest 

participant being 24 and the oldest 59 years old, thus indicating a considerable 

variation in the participants’ ages (SD= 8.78 years; CV= 23.11%).  



  46  

Regarding marital status, 29 participants (84%) classified themselves as single or 

unmarried, while two participants (5%) were widowed. Thus, only four (11%) workers 

were in a relationship such as being married or having a partner. With this in mind, 

sorters had, on average, two (±1.54) children and one elderly individual (±1.53) living 

within the same household and who would most likely also be dependent on the 

worker’s income. Only five (17%) sorters had completed their secondary school 

education (Grade 12), while the remainder (83%) had not finished their secondary 

schooling.   

The questions about general health revealed that 31 (89%) participants perceived their 

health to be ‘good’ or ‘very good’, while the remaining four sorters classified their 

health as ‘fair’. This high level of perceived health may be attributed to the fact that 23 

(66%) participants did not drink alcohol, smoke, or use any other substances. 

However, 10 (29%) participants did admit to using such substances. Despite the high 

levels of perceived health, approximately one-third of participants acknowledged that 

they suffered from a chronic illness (e.g., HIV, diabetes, cardiovascular disease, 

arthritis, hypertension). Additionally, 20 (57%) participants said they never exercised 

in their free time or exercised only once a month, while only 13 (38%) participants 

engaged in physical exercise at least once a week. 

The results relating to work-specific factors (Table 2) revealed that participants had, 

on average, 9.3 years of experience as sorters, although this varied significantly (±8.57 

years) as some sorters only had two years sorting experience, while others had as 

many as 36 years of experience. The average participant had been employed for 12.4 

years at that packhouse, although this too varied significantly (±7.97 years). The 

longest-employed sorter in the sample had worked in the packhouse for 36 years, 

compared to the three years of employment for the participants with the least number 

of years employed. When asked whether they had received any formal training before 

the start of the harvesting season, only six (18%) workers confirmed that they had 

received some form of training. In comparison, the remaining 28 (82%) participants 

indicated they had not received any. It is unknown whether on-the-job training 

occurred.  
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Table 2: Summary of participants’ work-related information (n= 35). Results are 
presented as frequencies (percentage in brackets) or means (±standard deviations).  

Years employed at the packhouse 12,4 (±7.97) 

Years employed as a sorter 9,3 (±8.57) 

Transport to work Company – 35 (100%) 

Overtime required? 

Yes – 0 (0%) 
No – 1 (3%) 
Sometimes – 33 (94%)  
Did not answer – 1 (3%) 

Training received? 
Yes – 6 (17%)  
No – 28 (80%) 
Did not answer – 1 (3%) 

Additional job worked? 
Yes – 2 (6%) 
No – 32 (91%) 
Did not answer – 1 (3%) 

All participants used transport provided by the packhouse company to travel to and 

from work as part of their employment agreement. Finally, only two participants (6%) 

held down another job in addition to that at the packhouse. 

4.3. NORMALITY TESTING 
The data from the Karolinska Sleepiness Scale (KSS) and the Modified Fatigue Impact 

Scale (MFIS) were tested for normality to determine whether parametric or non-

parametric statistical testing should be conducted. The Shapiro-Wilks test for normality 

was applied to the entire data set and the day and night shift workers’ data separately. 

Furthermore, the three dimensions of the MFIS data are presented separately. The 

outcomes of the Shapiro-Wilks test for the MFIS and the KSS can be found in 

Appendix C.2. 

The MFIS scores were normally distributed across all weeks except for week six. 

When assessing normality across the different shifts, it was found that the day shift 

data were normally distributed, except for week six. In contrast, the night shift data 

were not normally distributed except for week six. Furthermore, the MFIS data were 

separated into the different subscales (physical, cognitive, psychosocial), and 

normality was again assessed amongst all participants, and the different shifts. It was 

discovered that the data were primarily normally distributed for the physical and 
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cognitive subscale for all participants and both shifts. However, normal distributions 

for the psychosocial sub-scale were less common, irrespective of shift.  

Finally, when testing for normality of the overall KSS scores for all participants, it was 

found that all weeks were normally distributed, except again for week six. Normality 

analyses of the KSS scores for the different shifts indicated that only the day shift 

generally presented normally distributed data. In contrast, the night shift mainly 

presented non-normally distributed data. 

4.4. MODIFIED FATIGUE IMPACT SCALE 
Descriptive statistics (Appendix C.1) were calculated to provide a comprehensive 

overview of the MFIS data throughout the data collection period. The sample size 

changed throughout the different weeks for various reasons, such as a particular shift 

not working that week, absenteeism, or participants unwilling to complete the 

questionnaire. Table 3 provides a summary of the overall MFIS scores for all the 

participants over the different weeks of the research testing.  

Table 3: Summary of statistics of the overall MFIS scores (absolute scores) for all 
participants (means; ±SD; CV). Numbers in brackets indicate the number of responses 
(n) obtained. 

 TOTAL MFIS SCORE 

WEEK 1 36.61; ±14.18; 38.74% (28) 

WEEK 2 36.84; ±14.02; 38.06% (25) 

WEEK 3 41.77; ±14.92; 35.72% (28) 

WEEK 4 39.27; ±13.55; 34.51% (33) 

WEEK 5 40.41; ±13.19; 32.65% (32) 

WEEK 6 39.71; ±13.46; 33.89% (31) 
* The weeks refer to the research testing weeks rather than the consecutive calendar 

weeks. 

Further analyses were conducted using a GLM to assess the effect of the type of shift 

(day vs night) and time (weeks) on the overall MFIS scores to determine whether the 

two shifts experienced different fatigue levels throughout the collection period. Figure 

3 shows that the day shift exhibited a greater overall MFIS score throughout the 
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season than the night shift. Day shift participants’ MFIS scores gradually increased 

from the start of the season until week four, after which a moderate decline in scores 

was recorded for the final two weeks. However, the MFIS scores gradually rose over 

the entire collection period for the night shift workers. No significant differences were 

however found between the shifts (p= 0.209) and weeks (p= 0.112), nor was there an 

interaction effect between these two factors (p= 0.640) (see Appendix C.3). The 

fatigue threshold (MFIS score of 38) is presented in Figure 3 as the dotted line. This 

threshold was surpassed in all the weeks for the day shift participants but was only 

exceeded in the final two weeks for the night shift participants. 

 
Figure 3: Average MFIS scores comparing the day and night shifts over weeks. The 
dashed line indicates the fatigue threshold. 

4.4.1. MFIS subscale scores 

For further analyses of the MFIS scores, the subscale scores of the MFIS were 

compared across weeks for all participants to determine whether any changes 

occurred in any of the subscales over time. This would determine which domain 

(physical, cognitive, and psychosocial) was most affected by fatigue. Figure 4 
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indicates the contributions of the physical, cognitive, and psychosocial subscales 

towards the overall MFIS score. 

 

Figure 4: Stacked bar graph of the mean overall MFIS subscale scores across weeks. 
The dashed line indicates the fatigue threshold. 

The MFIS assessment consists of 21 questions, and the overall MFIS score is a 

composite score of all the subscale scores. The cognitive and psychosocial subscales 

displayed no significant differences over the weeks (p= 0.183 and p= 0.375 

respectively), but there was a significant difference recorded for the physical subscale 

over the six weeks (p= 0.021). A Tukey post-hoc test was run to identify where the 

significant difference in the physical subscale was located and revealed that the 

difference lay between week one and week five (p= 0.033). 

However, each subscale contains a different number of questions (i.e., nine questions 

relating to the physical domain, ten questions to the cognitive domain, and two for the 

psychosocial domain), which is why the psychosocial scores were considerably lower 

than the physical and cognitive scores. Comparing the three subscale scores within 
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each week to one another was, therefore, not possible. Instead, the relativized scores 

of the subscales were calculated to allow for an appropriate comparison.  

To enable comparisons of the different fatigue subscales, each score was calculated 

as a proportion of the subscale’s maximum score. In other words, the score for the 

week was divided by 36 (maximum total for the physical subscale) and then multiplied 

by 100 to calculate its percentage. For the cognitive subscale, the score was divided 

by 40; for the psychosocial subscale, the score was divided by eight. The summary 

statistics for the MFIS subscale scores are depicted in Table 4.  

Table 4: Summary statistics for all participants’ relativized MFIS subscale 
scores across weeks (means; ±SD; CV), with numbers in brackets indicating the 
number of responses (n) obtained.  

 MFIS SUBSCALE SCORES (relative scores in %) 

PHYSICAL  COGNITIVE PSYCHOSOCIAL 

WEEK 
1 

44.82; ±17.30; 38.60% 
(34) 

44.05; ± 21.80; 49.48% 
(29) 

38.60; ±23.90; 61.94% 
(34) 

WEEK 
2 

46.86; ±16.21; 34.60% 
(27) 

42.01; ±19.06; 45.37% 
(27) 

46.73; ±19.77; 43.27% 
(29) 

WEEK 
3 

52.49; ±17.76; 33.84% 
(29) 

46.25; ±17.90; 38.70% 
(29) 

50.00; ±20.30; 40.60% 
(30) 

WEEK 
4 

49.58; ±15.84; 31.94% 
(33) 

43.86; ±18.60; 42.41% 
(33) 

48.48; ±20.91; 43.12% 
(33) 

WEEK 
5 

52.09; ±16.53; 31.74% 
(33) 

44.84; ±16.16; 36.04% 
(32) 

48.48; ±21.13; 43.60% 
(33) 

WEEK 
6 

50.71; ±16.28; 32.09% 
(31) 

45.16; ±18.12; 40.12% 
(31) 

45.56; ±22.54; 47.28% 
(31) 

* The weeks refer to the research testing weeks rather than the consecutive calendar 

weeks. 

The results in Table 4 indicate that all participants’ physical subscales displayed 

greater mean scores and lower standard deviations across all weeks compared to the 

cognitive and psychosocial subscales. The highest mean score of the physical 

subscale was seen in weeks three (52.49) and five (52.09), where week three also 

resulted in the highest relativized MFIS scores for the cognitive and psychosocial 

subscales. When comparing the subscales with one another, it was found that there 
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was no significant difference between the different subscales (p= 0.528), nor was there 

an interaction effect of weeks and subscales (p= 0.973). However, time (i.e., weeks) 

did have an effect (p= 0.003), with a Tukey post-hoc test indicating a significant 

difference between weeks two and three (p= 0.001).  

Further comparisons of the MFIS subscales were conducted between the different 

shifts and how their scores may have changed over time. Each subscale was 

assessed separately (Figure 5 displays the physical, Figure 6 displays the cognitive, 

and Figure 7 displays the psychosocial subscale scores) to allow for comparisons 

between shifts.  

 
Figure 5: General Linear Model of the relative physical MFIS subscale score between 
the different shifts. 

The physical subscale registered the highest maximal percentages across all weeks 

compared to the other subscales. Throughout the season (except for week six), the 

day shift workers recorded greater mean physical MFIS subscale scores than 

compared to the night shift. The day shift workers’ highest maximal physical subscale 

percentage was recorded in week three (55.21%), while the night shift’s highest 
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percentage was in week six (51.39%). The sample size varied considerably between 

the two shifts across the different weeks for the physical subscale; however, the 

variability remained relatively consistent between the two shifts. In addition, the 

physical subscale was the only subscale to record a significant difference over time 

(p= 0.033). This difference originated between week one and week five. 

 
Figure 6: General Linear Model of the relative cognitive MFIS subscale score between 
the different shifts. 

For the cognitive subscale, the day shift workers produced greater mean MFIS 

percentages across all weeks than the night shift. The highest cognitive MFIS score 

for the day shift was in week four (51.39%), while the highest score for the night shift 

was in week five (42.81%). The night shift, however, displayed greater variability within 

their cognitive scores across all weeks. Additionally, it was recognized that the 

cognitive subscale showed no significant between weeks or shifts, nor an interaction 

effect. 
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Figure 7: General Linear Model of the relative psychosocial MFIS subscale score 
between the different shifts. 

The day shift workers reported greater maximal psychosocial subscale percentages 

across all weeks except for week five. In week four, the day shift workers recorded the 

highest maximal percentage (52%), whereas the night shift workers’ highest 

percentage was recorded in week five (50%). It was found that the psychosocial 

subscale provided no significant difference in the effects of shifts, in the effects of 

weeks, nor was there an interaction effect between weeks and shifts.   

For all sub-scales across all the weeks, except week six of the physical subscale, the 

day shift experienced higher relative mean MFIS scores than the night shift, meaning 

that the day shift workers experienced greater fatigue across all different subscales 

than the night shift workers. However, when analysing all the subscales, there was no 

statistically significant effect for shifts, and weeks, nor was there an interaction 

between weeks and shifts.  
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4.5. KAROLINSKA SLEEPINESS SCALE 
The Karolinska Sleepiness Scale (KSS) was used to identify participants’ perceived 

levels of sleepiness. Descriptive data were calculated using all KSS scores over the 

different weeks and for both shifts. The higher the value of the KSS score, the greater 

the perceived sleepiness. Geiger Brown et al. (2014) indicated that values on the KSS 

above seven represent high levels of perceived sleepiness. 

The summary statistics in Table 5 show that the participants’ average KSS scores 

ranged from 4.72 to 5.33 (out of a maximum of nine) over the six weeks of data 

collection. The lowest mean score was captured in the first week, while the highest 

was in the final week of data collection. There was, however, considerable variability 

in the data, with CV values ranging between 45.53% and 55.80%. Furthermore, it was 

found that there was no significant difference in the KSS scores over the six weeks 

(p= 0.885).  

Table 5: Summary statistics for KSS scores of all participants (means; ±SD; CV). 
Numbers in brackets indicate the number of responses (n) obtained. 

 AVERAGE KSS SCORES 

WEEK 1 4.72; ±2.63; 55.74% (32) 

WEEK 2 5.15; ±2.34; 45.53% (31) 

WEEK 3 4.88; ±2.72; 55.80% (30) 

WEEK 4 5.21; ±2.47; 47.47% (34) 

WEEK 5 5.00; ±2.39; 47.89% (31) 

WEEK 6 5.33; ±2.63; 49.32% (30) 
* The weeks refer to the research testing weeks rather than the consecutive calendar 

weeks. 

During none of the six weeks did the average score of all the participants surpass the 

threshold of high levels of perceived sleepiness. However, when analysing the data 

individually, it was seen that eight participants (22.22%) had an average KSS score of 

seven or greater over the season. This would indicate that a small proportion of the 

participants did perceive excessive sleepiness each week throughout the season. 

Further analyses were conducted on the KSS scores to determine whether there were 
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any differences in sleepiness across weeks, between the shifts, or if there was an 

interaction effect (Figure 8).  

 
Figure 8: General Linear Model of the average KSS scores between the different shifts. 
The dotted line depicts the threshold for excessive sleepiness. 
The highest mean sleepiness score (5.71) was experienced by the night shift workers 

in the last week of the data collection period, while the day shift workers experienced 

the lowest mean score (4.41) in the first week. When comparing the shifts with one 

another, the participants from the night shift reported marginally higher KSS scores 

than the day shift workers throughout the study duration, except for week three. 

However, there was no statistically significant difference between shifts (p= 0.489). 

The KSS scores for the day shift were relatively consistent across the weeks, while 

the responses for the night shift were more variable from week to week, with a 

noticeable drop in week three. Additionally, there was no significant difference in KSS 

scores between weeks (p= 0.883) nor an interaction effect between weeks and shifts 

(p= 0.885).  
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4.6. WORK PERFORMANCE  
In addition to the fatigue and sleepiness scales, participants were asked questions 

that may provide insights into factors that could have influenced perceptions of fatigue 

and sleepiness while at work. These factors were separated into individual factors and 

work-related factors. 

4.6.1. Individual factors 

Sleep 

Sleep ensures adequate recovery from the demands of the previous day’s work and 

is essential for effective work performance and worker well-being (Kajtna et al., 2011). 

Table 6 details the participants’ wake-up times for the different shifts on the 

measurement days, as well as the number of hours of sleep that participants obtained 

during the week of each data collection period. 

Table 6: Descriptive data of participants’ sleep information (means; ±SD). 
Numbers in brackets indicate the number of responses (n) obtained.  

 WEEK 
1 

WEEK 
2 

WEEK 
3 

WEEK 
4 

WEEK 
5 

WEEK 
6 

WAKE-UP 
TIME 
(HRS: MIN) 

DAY 
SHIFT 

04:24; 
±0.44; 
(19) 

04:25; 
±0.41; 
(19) 

04:36; 
±0.33; 
(9) 

04:33; 
±0.37; 
(19) 

04:29; 
±0.38; 
(17) 

04:34; 
±0.42; 
(18) 

NIGHT 
SHIFT 

13:53; 
±1.17; 
(16) 

14:04; 
±0.73; 
(7) 

14:11; 
±0.69; 
(13) 

14:16; 
±1.08; 
(16) 

12:07; 
±2.28; 
(16) 

12:04; 
±2.48; 
(14) 

DURATION 
OF SLEEP 
PER WEEK 
(HRS: MIN) 

DAY 
SHIFT 

8:11; 
±1.24; 
(19) 

7:58; 
±1.34; 
(19) 

8:30; 
±1.46; 
(9) 

7:55; 
±1.25; 
(17) 

8:04; 
±1.05; 
(16) 

8,09; 
±1.25; 
(17) 

NIGHT 
SHIFT 

7:28; 
±1.67; 
(14) 

6:42; 
±0.45; 
(5) 

6:48; 
±1.12; 
(12) 

6:53; 
±1.51; 
(16) 

7:13; 
±1.40; 
(16) 

6:55; 
±1.13; 
(13) 

* The weeks refer to the research testing weeks rather than the consecutive calendar 

weeks. 

Waking times were only compared between the weeks within each shift due to evident 

differences in the wake-up times for the two shifts. Over the six weeks of the data 

collection, the day shift workers’ average wake-up time was 04h30, while the average 
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wake-up time for the night shift workers was 13h33. The day shift found no significant 

difference in waking times across the weeks of the harvesting season (p= 0.762), nor 

did the night shift (p= 0.151), which could be attributed to the considerable variability 

in waking times. For example, during the last two weeks of the data collection, 

participants from the night shift woke up two hours earlier than in the other weeks.   

The number of hours of sleep per week obtained by the participants could be 

compared between the two shifts. Overall, the day shift workers received more sleep 

than the night shift workers, as they obtained higher average hours of sleep across all 

weeks over the study duration. The day shift received their highest number of hours 

slept in week three (8:30 hours), while the night shift workers received their highest 

number of hours slept in week one (7:28 hours). It was found that there was no effect 

of time (i.e., weeks) nor an interaction effect between weeks and shifts (p= 0.403). 

However, there was a significant difference in the hours of sleep received between 

shifts (p= 0.011).  

Caffeine consumption 

Caffeine is the most common self-administered countermeasure against sleepiness 

and fatigue in the occupational setting to ensure that work performance is not hindered 

(Schutte, 2006). Participants responded to questions with either “Yes” or “No” if they 

had consumed any caffeinated beverage before their shift started or during their shift 

breaks during the measurement weeks. This could provide insight into whether 

participants used caffeine as a strategy to combat symptoms of fatigue. Table 7 

provides an overview of the caffeine consumption before and during the shift of all 

participants and the different shifts they work in. 
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Table 7: Summary of the proportion of participants consuming caffeine 
throughout the harvest season. 

 ALL 
PARTICIPANTS DAY SHIFT NIGHT SHIFT 

CAFFEINE BEFORE 
THE SHIFT 

YES= 61.35% 
NO = 38.57% 

YES= 66.35% 
NO= 33.65% 

YES= 54.68% 
NO= 45.33% 

CAFFEINE DURING 
THE SHIFT 

YES= 56.73% 
NO= 43.27% 

YES= 61.73% 
NO= 38.27% 

YES= 51.53% 
NO= 48.43% 

Table 7 indicates that the majority of participants consumed caffeinated beverages 

before the start of their shift (61.35%) throughout the season. In contrast, day shift 

workers were more likely than night shift workers to consume caffeine at the start of 

the shift (66.35% and 54.68% respectively). Fewer workers on both shifts tended to 

consume caffeinated beverages during their shifts (56.73%). Day shift workers were, 

however, still more likely to consume caffeine than their night shift counterparts 

(61.73% and 51.53%, respectively). 

4.6.1. Work-related factors 

Perceived work-pace 

Workers’ perceptions of the work-pace, dictated by the conveyor belts transporting the 

fruits, were evaluated using a Likert scale from one to five. Higher values on this scale 

indicate a more manageable perceived work-pace, while lower values indicate a less 

manageable work-pace (i.e., 1= “Not manageable”, 3= “Sometimes manageable, 5= 

“Always manageable”). Although the pace of the conveyor was adjustable, 

management indicated that the pace tended to remain consistent throughout the 

season so that sorters were well adjusted to the pace requirement. The researcher is 

not certain whether management abided by the consistent prescribed pace throughout 

the season. 
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Table 8: Summary data of all participants’ perceived work-pace (means; ±SD; 
CV). Numbers in brackets indicate the number of responses (n) obtained. 

 
PERCEIVED WORK-PACE 

WEEK 1 3.58; ±1.12; 31.29% (33) 

WEEK 2 3.55: ±0.96; 27.12% (32) 

WEEK 3 3.38; ±0.98; 29.15% (32) 

WEEK 4 3.38; ±0.95; 28.20% (34) 

WEEK 5 3.30; ±1.21; 36.68% (33) 

WEEK 6 3.21; ±1.02; 31.86% (33) 

* The weeks refer to the research testing weeks rather than the consecutive calendar 

weeks. 

When combining the responses of all participants (Table 8), a slight decrease occurred 

in the perceived work-pace, indicating that, over the weeks of data collection, 

participants considered the pace to become less manageable, even though no 

significant differences were found across weeks (p= 0.406). Overall, participants’ 

perceptions of work-pace were rated in the region of “sometimes manageable”. 

When considering the responses of the different shifts on the perceived work-pace, 

the day shift workers considered the pace less manageable than the night shift 

workers as their scores ranged 2.94 to 3.67, while the night shift scores for the work-

pace ranged from 3.26 to 3.81 (Figure 9). Apart from weeks one and four, the night 

shift had higher values than the day shift. The differences between the shifts were, 

however, not statistically significant (p= 0.197), nor was a significant change in 

perceived work-pace found between the week (p=0.516). No interaction effect was 

found either (p=0.246). 
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Figure 9: Average perceived work-pace scores between the different shifts. 

Effects of shiftwork on lifestyle elements 

Participants were evaluated if working their specific shift has negatively affected their 

sleep, social life, domestic life, and work performance (Figure 10). Answers were 

scored by circling a number from one to five. (1= “Never”, 3= “Somewhat”, 5= 

“Always”).  The higher the average score, the greater the impact of shiftwork on these 

lifestyle elements, while a lower score indicates less of an impact of shiftwork on their 

lifestyle. 
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Figure 10: Ratings of the effect of shift work on the different lifestyle elements.  

No significant differences were found over the weeks for the different lifestyle factors 

(p= 0.378); hence, an overall average score was produced for each lifestyle element 

and compared between the two shifts (Figure 10). Furthermore, it was recorded that 

there were no significant differences between all the lifestyle elements and the shifts. 

This indicates that all lifestyle elements were relatively similar between the shifts, as 

each element was “somewhat” affected by shiftwork over the six-week study duration. 

However, the sleep element provided the most noticeable difference between the two 

shifts, as the night shift workers had a greater perceived rating than the day shift 

workers. The high variability in the dataset may prove why there was no significant 

difference between the two shifts for all the lifestyle elements.  

4.7. ENVIRONMENTAL FACTORS AND WORK OUTPUT 
Data on environmental factors and work output were collected to determine whether 

the participants’ working conditions and work demands throughout the season may 

contribute towards worker fatigue. Environmental recordings consisted of light, noise, 

and temperature measurements. In contrast, the work output recordings included the 

number of sorters working within the different rooms of the shift and the number of 

crates of fruit offloaded throughout the shift. It must be pointed out that the day shift 
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participants were split into two different testing groups (Day shift group 1 and Day shift 

group 2) to allow the testing to be conducted; hence, each day shift was tested on a 

different day. 

4.7.1. Environmental factors 

All environmental recordings were taken within the packhouse at the locations where 

the sorters were standing at their workstations. Several recordings were taken in the 

different sorting rooms throughout the shift within the packhouse, as were average 

daily temperatures, noise levels, and lighting intensities. These recordings were 

averaged throughout the 6-week study duration and are displayed in Table 9. The full 

table of the environmental recordings can be found in Appendix C.4 while a summary 

of the environmental recordings can be seen in Table 9.  

Table 9: Summary data of environmental recordings over the study duration (means 
±SD) 

 DAY SHIFT 
GROUP 1 

DAY SHIFT 
GROUP 2 NIGHT SHIFT 

TEMPERATURE (°C) 18.2 (±1.9) 21.4 (±4.2) 15.8 (±2.7) 

NOISE (dBA) 85.1 (±0.8) 85.8 (±0.6) 85.6 (±1.9) 

LIGHTING (Lux) 725.1 (±362.2) 793.1 (±50.5) 887.3 (±140.8) 

On average, the night shift temperatures were lower than the temperatures obtained 

for the two-day shifts throughout the six-week data collection period. The highest mean 

temperatures were recorded during the final week of the testing period (18.1°C), while 

the lowest was recorded during the first week of testing (12.8°C). On average, the day 

shift group two experienced the warmest temperatures within the packhouse 

throughout the season, with a mean of 21.4°C.   

Noise levels remained consistent, with limited variation across weeks and between 

shifts. Workers were required to wear hearing protection when they entered the 

packhouse and were only permitted to remove these once they left the packhouse at 

the end of the shift since noise levels exceeded the legal maximum limit of 85dBA. 
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The light recordings were gathered using the lux meter by placing it at the level of the 

fruit to determine the intensity of the illumination of the fruit from the sorting station 

lights. The average light levels were also relatively consistent between shifts, although 

there was considerable variation in the recordings. Day shift group one recorded the 

highest light intensity in week three (1295 lux); however, this intensity dropped 

considerably in week five (416 lux). Week one of the night shift recorded the highest 

light intensity (1080 lux) of its shift, but then there was a decline in light intensity for 

the remainder of the five weeks. Additionally, on average, the night shift recorded 

higher light intensities throughout the collection period compared to the day shift.  

4.7.2. Work output  

Work output data, as determined by the number of crates offloaded into the packhouse 

per shift, were recorded at the end of the shift to obtain an objective measure of the 

workload. Citrus crates (also known as “bulk bins” and with dimensions 1200cm (L) ´ 

1000cm (W) ´ 750cm (H) mm) can carry a maximum load of 400kg (SupplyWise, 

2023). The number of sorters in each room per shift was recorded to determine how 

this workload was distributed. The number of sorters in the different shifts per room 

and the number of crates offloaded each shift are presented in Appendix C.4. 

The data in Table 10 was calculated by dividing the number of crates offloaded in each 

room by the number of sorters for the shift to allow for a comparison of workload across 

the shifts and over the different weeks. 
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Table 10: Number of crates sorted per worker in the different rooms and shifts.  

 
DAY SHIFT GROUP 1 DAY SHIFT 

GROUP 2 NIGHT SHIFT 

ROOM 
1 

ROOM 
2 

ROOM 
3 

ROOM 
1 

ROOM 
3 

ROOM 
1 

ROOM 
3 

WEEK 
1 - - - 22.76 9.67 15.36 13.76 

WEEK 
2 17.05 16.38 10.55 - - 18 - 

WEEK 
3 50.4* 11.45 13.26 - - 20.22 14.5 

WEEK 
4 12 12 11.45 19.39 17.45 17 - 

WEEK 
5 17.91 20.05 15.63 22.95 15.6 23.32 23.25 

WEEK 
6 2005 19.64 20.42 - 21 22.78 10.58 

 -  Indicates missing data because of shift not operating or goals for crates offloaded 
were not displayed on monitors.  

 * Outlier in the data (possibly due to researcher error in data collection). 

Generally, the distribution of the crates sorted per sorter varied considerably 

throughout the season across the different weeks, shifts, and rooms. The number of 

crates sorted by the day shift workers throughout the season in group one ranged 

between 12-20. The number of crates per sorter was slightly higher for workers in 

group two as their range was between 16-23 (except for room thee in week one). The 

range of crates sorted by the night shift workers was between 14-23, which was similar 

to the day shift workers. Variability in the crates sorted was higher across the different 

weeks, as the last two weeks for all the different rooms recorded the highest work 

output. 

4.8. CORRELATION ANALYSES 
Pearson’s Product-Movement Correlation analyses were conducted to determine 

whether individual and work-related variables may have impacted fatigue and 

sleepiness (Appendix C.5). The correlation tables were separated into fatigue indicator 

comparisons (Table 11), individual factors (Table 12), lifestyle factors affected by 

shiftwork (Table 13), and environmental/work output factors (Table 14). 
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Table 11: Correlation table of the fatigue indicators and their correlations with other 
fatigue indicators. Values highlighted in red indicate significant correlations. 

 MFIS 
(PHYSICAL) 

MFIS 
(COGNITIVE) 

MFIS 
(PSYCHO 
SOCIAL) 

KSS 

MFIS (PHYSICAL) 1.000 0.074 0.121 0.006 

MFIS (COGNITIVE) - 1.000 0.655 0.092 

MFIS 
(PSYCHOSOCIAL) - - 1.000 0.143 

KSS - - - 1.000 

The relationship between the different fatigue indicators and sleepiness was 

necessary to determine if any significant correlations were associated with other 

adverse outcomes (Table 11). It was recorded that the KSS and the physical subscale 

of the MFIS had no significant correlation with any of the other fatigue indicators. This 

reveals that sleepiness has no relationship with any fatigue indicators, nor did physical 

fatigue affect any MFIS subscales and sleepiness. However, the correlation between 

the cognitive and psychosocial subscales was found to be of moderate strength. 
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Table 12: Correlation table of individual factors affecting fatigue indicators (MFIS, MFIS 
subscales, and KSS scores). Values highlighted in red indicate significant correlations. 

 MFIS 
(OVERALL) 

MFIS 
(PHYSICAL) 

MFIS 
(COGNITIVE) 

MFIS 
(PSYCHO 
SOCIAL) 

KSS 

AGE 0.222 0.160 0.249 0.141 0.207 

NUMBER OF 
DEPENDENTS 0.188 0.177 0.191 0.113 0.046 

EDUCATION 
LEVEL -0.214 -0.189 -0.228 -0.195 -0.053 

EXERCISE -0.004 0.005 -0.040 0.001 0.094 

HEALTH 
STATUS -0.383 -0.407 -0.324 -0.229 0.023 

YEARS 
EMPLOYED 0.073 -0.011 0.125 0.065 0.206 

YEARS AS A 
SORTER 0.066 -0.001 0.103 0.051 0.259 

HOURS OF 
SLEEP -0.114 -0.153 -0.060 -0.168 -0.242 

The correlation results in Table 12 indicate several significant correlations, which 

indicates these correlations were not coincidental, and that the linear correlation of 

this sample was sufficiently strong to apply the relationship to the population 

(LibreTexts Statistics, 2023). The significant correlations were however all classified 

as ‘weak’ correlations, except for a ‘moderate’ correlation between the physical 

subscale of the MFIS and the health status. Overall MFIS, the cognitive subscale, and 

the KSS were the only variables that positively correlated with age. However, these 

relationships were seen to be weak. Further positive, albeit weak, correlations were 

identified between the number of dependents and the overall MFIS, physical subscale, 

and cognitive subscale. In contrast, perceived health status negatively correlated with 

the overall MFIS score and physical, cognitive, and psychosocial subscales. 

Additionally, ratings of perceived sleepiness, as indicated by the KSS scores, shared 

positive, albeit weak, correlations with the number of years employed by the 

packhouse and the number of years as a sorter variable. Furthermore, participants’ 
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average hours of sleep had a weak negative correlation with the psychosocial 

subscale and KSS scores. 

Table 13: Correlation table of lifestyle elements and their correlations with fatigue 
indicators. Values highlighted in red indicate significant correlations. 

 MFIS 
(OVERALL) 

MFIS 
(PHYSICAL) 

MFIS 
(COGNITIVE) 

MFIS 
(PSYCHO 
SOCIAL) 

KSS 

SLEEP 0.382 0.344 0.396 0.371 0.222 

SOCIAL LIFE 0.274 0.279 0.225 0.271 0.196 

DOMESTIC LIFE 0.253 0.210 0.245 0.295 0.128 

WORK 
PERFORMANCE 0.336 0.323 0.299 0.260 0.081 

Regarding associations between lifestyle factors and fatigue, Table 13 indicates 

significant positive correlations between all the fatigue indicators and all lifestyle 

elements (sleep, social life, domestic life, and work performance), except for the KSS, 

which did not significantly correlate with ‘Domestic Life’ and ‘Work Performance’. 

However, all significant correlates presented weak relationships, except for the 

cognitive subscale, which had a moderate positive correlation with sleep. Perceived 

sleepiness also correlated significantly positively, albeit weak, with sleep and social 

life.  
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Table 14: Correlation table of the environmental and work output factors affecting MFIS, 
MFIS sub-scales, and KSS scores. Values highlighted in red indicate significant 
correlations. 

 MFIS 
(OVERALL) 

MFIS 
(PHYSICAL) 

MFIS 
(COGNITIVE) 

MFIS 
(PSYCHO 
SOCIAL) 

KSS 

CRATES PER 
SORTER -0.100 -0.110 -0.095 -0.107 0.031 

WORK-PACE -0.440 -0.029 -0.366 -0.234 0.001 

TEMPERATURE 0.132 -0.061 0.156 -0.011 0.139 

NOISE -0.151 -0.096 -0.143 -0.037 0.037 

LIGHTING -0.127 0.228 -0.143 -0.010 0.078 

No significant associations were identified for the number of crates sorted per worker, 

temperature, and noise. Work-pace yielded significant negative correlations, albeit 

weak, with the cognitive and psychosocial subscales. However, there proved to be a 

moderate correlation with the relationship between work-pace and the overall MFIS 

scores. Lighting showed a significant but weakly positive correlation with the physical 

subscale of the MFIS.  
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5. CHAPTER 5: DISCUSSION 
5.1. FATIGUE PREVALENCE  

Over the six weeks of data collection, it was identified that the average overall MFIS 

score for the study duration for all participants was 39.35 which is greater than the 

predetermined MFIS fatigue threshold. Studies by Kos et al. (2005) and Téllez et al. 

(2005) that used the MFIS indicated that an overall MFIS score of 38 was considered 

the threshold of fatigue. Any score equal to or greater than that would classify a person 

as ‘fatigued’, while scores of less than 38 would be classified as ‘non-fatigued’. The 

average MFIS scores for all the participants exceeded this fatigue threshold after week 

three until the end of the study. However, when analysing participants individually, 

there was considerable variability in the study; 21 participants (60%) exceeded the 

fatigue threshold score, while the remaining 40% did not. 

It was expected that participants would experience a gradual increase in fatigue scores 

throughout the season, as Techera et al. (2016) pointed out when an individual is 

exposed to various potential stressors for an extended period that may induce fatigue 

symptoms. Fatigue consequences were anticipated to be exacerbated through 

continuous exposure to various factors throughout the harvesting season; however, 

findings from the current study showed no significant differences in the MFIS scores 

over the weeks (p= 0.122). A possible justification for data having no fluctuation over 

weeks may be that participants have adequately mastered the training effect of the 

work demands throughout a season. On average, participants had worked in the citrus 

sorting industry for 9.3 (±8.57) years, thus indicating that participants had acquired 

abundant sorting experience and could anticipate the sorting demands. However, the 

average participant was still exposed to fatigue symptoms for over half of the season. 

The KSS scores, on the other hand, revealed that, on average, participants did not 

exceed the threshold for excessive sleepiness in any of the weeks. Geiger Brown et 

al. (2014) claimed that a KSS score of seven or greater is considered extremely 

sleepy. When viewing the KSS results independently, only eight participants (23%) 

recorded scores of seven or greater, demonstrating that although most of the sorters 

fell below the sleepiness threshold, a few participants perceived to experience 

excessive sleepiness throughout the season. Additionally, 13 participants (37%) 

indicated they displayed some signs of sleepiness symptoms, which impacted them 
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throughout the season. It was expected that participants in the study would have a 

moderate increase in levels of perceived sleepiness over the season, as even small 

amounts of sleep loss are known to produce measurable increases in sleepiness and 

fatigue (Dawson et al., 2011). However, when considering the fluctuation of perceived 

sleepiness over the weeks, participants recorded the highest degree of sleepiness 

during the last week of assessment (5.33). Nonetheless, no significant differences 

were found for sleepiness over the weeks of the study duration (p= 0.885), indicating 

that levels of sleepiness were relatively consistent over time.  

It was necessary to ensure that sleepiness was acknowledged within the current study 

as it may have contributed considerably to determining fatigue levels. Sleepiness is 

regarded as one of the most significant indicators of occupational fatigue in workers 

(Dawson et al., 2011). However, the results of the current study conflict with Dawson 

et al. (2011), as sleepiness did not have a significant correlation with overall fatigue or 

any fatigue subscales (Table 12). A possible explanation may be that excessive 

sleepiness and fatigue are two distinct concepts with overlapping features or 

symptoms; thus, the terms are often used interchangeably (Pigeon et al., 2003; Shen 

et al., 2006). Both phenomena are influenced concurrently as the lack of sleep 

contributes towards employee fatigue, while increased levels of fatigue promote 

sleepiness (Williamson et al., 2011; Yumang-Ross & Burns, 2014). Therefore, 

individuals unaware of the differences between fatigue and excessive sleepiness 

frequently use the terms simultaneously and will regard themselves as ‘tired’ (Shen et 

al., 2006).  

5.1.1. Types of Fatigue 

Participants throughout the harvesting season identified physical fatigue as the most 

prominent type of fatigue. The relative MFIS scores for the physical subscale of all the 

participants were consistently higher for every week of the data collection period 

compared to the cognitive and psychosocial subscales, even though there was no 

statistically significant difference between the subscales. Furthermore, the physical 

subscale was the only subscale in the study to record a significant difference over time 

(p= 0.033), with the difference between weeks one and five. This suggests that all 

participants experienced a considerable increase in the perception of physical fatigue, 

which may support the researcher’s expectation of cumulative fatigue over time. When 
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analysing the questions assessed in the MFIS independently, it was recognised that 

questions 21 and 13 (physical fatigue-related) were the second and third-highest 

overall scores, respectively. These questions were “I have needed to rest more often 

or for longer periods after work” and “My muscles have felt weak”. These perceived 

issues may originate from the static standing posture adopted by the citrus sorters with 

a flexed neck position while performing frequent upper extremity motions of the 

hand/wrist, forearm, elbow, and shoulders. These positions were maintained 

throughout the shift, where only minimal postural changes would allow the muscles 

little time to recover between static muscle contractions. Occupational work demands 

that require prolonged static postures may develop functional impairments of muscle, 

predominantly in the shoulder and neck region, known as myalgias (Kilbom et al., 

1996). These complaints have been acknowledged in research, as a study by Lawan 

et al. (2018) that explored orange handling operations in Yanlemo, Nigeria, concluded 

that the most common discomfort experienced by workers was lower back pain. 

Furthermore, a study by Simcox et al. (2001) on self-reported discomfort of apple 

sorters found that the highest discomfort ratings were in the upper/lower back and the 

shoulders. When workers are exposed to tasks requiring repetitive exertion and high 

work demand, discomfort in workers’ muscles results in physical fatigue, and the risk 

of musculoskeletal disorders increases (Kilbom et al., 1996). 

Although the psychosocial subscale had the lowest absolute scores across all weeks 

in the MFIS, once relativised, the psychosocial scores were similar to that of the 

physical subscale. Furthermore, the psychosocial subscale of the MFIS had the 

greatest variance across all weeks compared with the other subscales, which may 

account for the lack of significant differences across the different scales and weeks. 

The average psychosocial score for all the participants across the measurement 

weeks was 46.32%, indicating moderate levels of psychosocial fatigue. Carayon & 

Smith (2000) describe psychosocial work factors as employees’ perceived 

characteristics of the work environment and non-work factors that have emotional 

implications, which can result in stress and strain. These questions that the MFIS 

consisted of were, “I have been less motivated to participate in social activities” 

(Question 8) and “I have been limited in my ability to do things away from home” 

(Question 9). The social life of all the participants was, on average, perceived to be 

“somewhat” affected by the demands of their shiftwork (Figure 10). These perceptions 
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may be influenced by the number of work hours participants have, as day shift workers 

are prescribed 10-hour shifts, while night shift workers have 12-hour shifts. 

Additionally, 33 participants (94%) stated that they were “sometimes” required to 

assist in overtime work on weekends, thus having limited time off-duty to socialise. 

Behavioural actions such as socialising outside the workplace are known to alleviate 

work stressors and aid the recovery process from symptoms of fatigue (Aaronson et 

al., 2003; Yumang-Ross & Burns, 2014). 

Cognitive fatigue displayed marginally lower MFIS scores across the harvesting 

season compared to the other subscales. Furthermore, cognitive fatigue levels 

recorded no significant difference over time (p= 0.180), indicating that participants’ 

perception of cognitive fatigue was relatively consistent over the season. This trend of 

cognitive fatigue was not expected, as Williamson et al. (2011) stated that fast-paced, 

monotonous, and repetitive tasks over time resulted in workers developing cognitive 

fatigue, which may disrupt the work system’s productivity. These characteristics 

correspond to a citrus sorter’s task requirements; thus, it was speculated that sorters 

in the citrus industry might be particularly exposed to an accumulation of factors that 

may produce cognitive fatigue and provoke negative consequences. A study by 

Boksem et al. (2005) examined the effects of cognitive fatigue on a visual attention 

task that was performed continuously for three hours without rest. It was concluded 

that subjects developed difficulties staying alert and sustaining attention over time so 

that the task could be performed at an acceptable level. Additionally, the study 

concluded that increased cognitive fatigue induced a decrement in performance, as 

errors in false alarms and missed targets increased during the 3-hour task (Boksem 

et al., 2005). Although this conclusion of their study was short-term, it has been noted 

that continuous acute cognitive fatigue symptoms can impact individuals’ behavioural 

and emotional responses to induce chronic cognitive fatigue (Shen et al., 2019). 

Furthermore, the current study examined that Question 1 (“I have been less alert”) of 

the MFIS was the highest recorded score on average amongst all the participants over 

the season. This consensus of being ‘less alert’ has been acknowledged as one of 

many consequences of cognitive fatigue and sleepiness (Caldwell et al., 2019; Neu et 

al., 2011). Possible explanations for cognitive fatigue levels being reasonably constant 

throughout the harvesting season could be an adaptation to the demands of the sorting 

task. On average, participants worked as sorters for 9.3 (±8.57) years, indicating they 
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have considerable experience with the task demands. This could be why there was 

no relationship between the number of years as a sorter and fatigue onsets. The 

current study did not measure the accuracy of the sorter’s performance; thus, it is 

difficult to judge whether cognitive fatigue affected the quality of the sorting 

performance. Furthermore, it can be established from this study that cognitive fatigue 

was not a significant outcome for citrus sorters throughout the season.  

Overall, when comparing the variation of the subscales over time, there was a 

significant difference (p= 0.003) between weeks two and three. Week three produced 

the highest maximal MFIS percentages for the physical (55.49%), cognitive (46.25%), 

and psychosocial (50.00%) subscales throughout the entire data collection period. 

Furthermore, there was no significant variation in fatigue subscale maximal 

percentages (p= 0.528), from which it can be concluded that all fatigue components 

affected the participants similarly.  

5.1.2. Effect of shiftwork 

It was speculated that workers on the night shift would perceive higher levels of fatigue 

and sleepiness due to their altered ‘natural’ sleep behaviours and extended work 

hours. Additionally, women working the night shift are tasked with stressful living 

conditions as they are responsible for domestic duties at home and still require 

adequate recovery from the work shift (Costa, 1996). However, it was found that the 

day shift workers perceived higher fatigue levels as their overall MFIS scores were 

greater than those of the night shift workers across all weeks of the harvesting season. 

Of the day shift participants, 78.6% had an overall MFIS greater than the fatigue 

threshold, compared to only 55.6% of the night shift workers. Despite this, there was 

still no significant difference between the two shifts (p= 0.209), nor was there a 

significant difference in the fatigue ratings over the weeks of the data collection (p= 

0.112). These findings correspond with a study by Åkerstedt et al. (2002), who 

analysed the relationship between shiftwork, overtime, and high workloads on the 

effects of fatigue and sleepiness on a large sample in Sweden. It was concluded by 

Åkerstedt et al. (2002) that shiftwork had no significant correlation with fatigue; 

however, the day-orientated workers were more impacted. A further conclusion of this 

study was those night shift workers might consider ‘sleepiness’ as a better description 

of their situation than perceptions of fatigue (Åkerstedt et al., 2002). This may be the 
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case for why night shift participants in the current study had perceived lower fatigue 

levels than day shift workers. 

When assessing the average levels of sleepiness, it was found that night shift 

participants’ level of sleepiness remained higher than the day shift workers’ across the 

season. It was expected that night shift workers would obtain a greater sleepiness 

score as this corresponds with previous studies (Caldwell et al., 2019; Williamson et 

al., 2011), which argued that the day shift participants received the most sleep, with 

an average of eight hours per week. This was in line with the recommended number 

of sleep hours (7-8 hours) necessary for efficient human functioning by Lerman et al. 

(2012). Conversely, the night shift workers failed to attain the recommended hours of 

sleep set out by Lerman et al. (2012), as they only recorded an average of 6:44 hours. 

Additionally, it was found that participants who acquired higher KSS scores had a 

significant correlation with fewer hours of sleep (r= -0.238), indicating that the number 

of hours of sleep affected increased sleepiness. These results corresponded with the 

night shift workers’ perceptions as they indicated that sleep was the lifestyle element 

most affected because of their shiftwork and exhibited higher scores than the day shift 

workers. However, it was not expected that the sleepiness data would have no 

statistical difference between the shifts (p= 0.489) nor over time (p= 0.883). Rotenberg 

et al. (2011) stated that working frequent night shifts would expose workers to an 

accumulation of sleep loss, as drowsiness levels would increase and ultimately 

leading to long-term exhaustion. However, it was found that adjustments to the 

individual’s biological clock through continued exposure to night shift working hours 

may help workers minimise sleepiness and fatigue symptoms (Ahasan et al., 2001). 

Tolerance to shift cycles has been defined as the adjustments to night shift workers’ 

circadian phase, and it is estimated that night shift workers can adapt after a week 

(Ahasan et al., 2001). The packhouse had employed participants for 12.4 (±7.97) 

years on average; thus, possible adaptations to the work system, work procedures, 

and night shift may have occurred for participants not to experience increased 

sleepiness over time.     
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5.2. CONTEXTUAL INFLUENCES OF FATIGUE  
The fatigue indicators of this study show that citrus sorters are vulnerable to fatigue 

and reported that fatigue symptoms affected all three fatigue domains. This may 

indicate that different causal factors contributed to the prevalence of worker fatigue. 

To understand the causal factors of occupational fatigue, it is essential to understand 

work- and non-work-related influences and to have a holistic appreciation of the 

employees’ demographic characteristics and their private situation. As acknowledged 

in the occupational fatigue model by Kant et al. (2003), there are multiple links and 

relationships between the different work system elements that may cause or contribute 

to fatigue in the working population. This provides difficulties in identifying a particular 

causal factor contributing to the citrus sorters’ overall fatigue. It is, therefore, necessary 

to acknowledge the many contributing factors from the work situation, the individual, 

and their private situation, as recognised in Kant et al.'s (2003) model of occupational 

fatigue. 

5.2.1. Work situation 

For many workers, the workplace is their primary cause of fatigue (Williamson & 

Friswell, 2013). Many factors from different elements within the work situation can 

contribute towards worker fatigue, as seen in the occupational fatigue model by Kant 

et al. (2003). However, it may not be possible to acknowledge or remove all negative 

aspects that promote fatigue from a working system (Murphy et al., 2014).  

Conditions of employment 

Shiftwork affected workers’ lifestyle factors and fatigue symptoms in the current study. 

Participants who perceived their sleep schedule to be more affected by shiftwork also 

scored higher on the fatigue indicators and sleepiness (r= 0.222). It has been well 

established that sleep is the primary function that gets altered due to night shift 

demands as an alteration in sleep quality and a reduction in sleep duration is obtained 

(Costa, 1996). However, Åkerstedt et al. (2014) indicated that adaptation to the 

demands placed on the circadian rhythm occurs after working several night shifts in a 

row. Studies by Shen & Dicker (2008) and Han et al. (2014) found that workers who 

had fixed work schedules (working either day or night shift) were able to adapt to their 

work schedules and found successful strategies to ensure optimal recovery for 

symptoms of fatigue. Thus, for participants in the study who worked on a fixed shift 
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rotation, adaptation to their shift schedule may account for why shiftwork was only a 

minor contributor to fatigue and sleepiness.  

Shiftwork has been documented to place considerable stress on family relationships, 

particularly on night shift workers, where a proportion of ‘break-ups’ of families 

amongst the workers in the organisation were recorded by Shen & Dicker (2008). This 

could be attributed to the spouses working different shifts and thus not being able to 

spend enough time together and with family. However, only four participants (11%) in 

the current study were married; thus, shiftwork affecting the relationship between 

spouses may only impact a minority of the participants. Furthermore, Shen & Dicker 

(2008) stated that shiftwork could hinder the social life of workers, which may intensify 

the symptoms of psychosocial stress and fatigue. Participants of both day and night 

shifts in the current study perceived that their domestic and social life was “somewhat” 

affected by their shiftwork (Figure 10). Moreover, participants whose domestic and 

social lives were greatly affected by shiftwork were found to have higher fatigue ratings 

in all the subscales, although these correlations were weak.  

Work conditions  

Light intensity is a critical component for an effective sorting operation when it comes 

to the physical environment in which the sorting task happens. It impacts the sorters’ 

visual perception and ability to detect defective fruits and reduces the strain on the 

sorters’ eyes, particularly night shift workers (Bollen & Prussia, 2014). There are 

conflicting opinions on whether the results of the current study correspond with the 

literature, as it is recommended that light intensities of 1000 lux or greater are 

necessary for inspection tasks such as the ones at the citrus sorting tables (Bollen & 

Prussia, 2014). In contrast, Sanders and McCormick (1993) pointed out that the 

recommended illumination levels for visual tasks of medium contrast or small-size 

items should be between 500-1000 lux. It was found that the average illumination of 

the night shift tables (887.3 lux) over the season was brighter than the two-day shift 

groups (725.1 and 793.1 lux). Physical fatigue was the only fatigue variable to be 

influenced by lighting (r= 0.228), which implies that light intensity had a significant, 

albeit weak, impact on fatigue.  

Internal temperatures at the sorting lines were relatively consistent with the harvesting 

season. The night shift recorded the lowest average temperatures (15.8°C), which was 
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expected, while the two-day shift groups recorded higher temperatures (18.2°C and 

21.4°C respectively). These average temperature measurements are well below the 

upper threshold limit (28°C) for extreme heat, however, were marginally below the 

lower threshold limit (19°C) for cold temperatures (ANSI/ASHRAE, 2004). The 

ASHRAE Standard 55-2017 prescribes the thermal comfort range for occupational 

workers to be between 19°C to 28°C (ANSI/ASHRAE, 2004). Temperatures above or 

below this comfort range are claimed to reduce levels of alertness while performing 

vigilance and cognitive tasks and can result in physical discomfort or cognitive fatigue 

(Lerman et al., 2012; Mahdavi et al., 2020). Throughout the study, the warmest 

temperature recorded in the packhouse was week six (25.5°C) for group two of the 

day shift, while the coldest temperature recorded was in the first week during the night 

shift (12.8°C). In the current study, heat may not validate as an environmental issue. 

However, cold temperatures may have a possible influence on night shift workers as 

their average temperatures throughout the season were below the ANSI/ASHRAE 

(2004) comfort threshold, even though no significant correlations were found between 

temperature, fatigue, and sleepiness variables. This suggests that temperature had 

no significant contribution towards the causation of fatigue among citrus workers. 

Finally, the average noise levels throughout the season for the day shift group one 

(85.1 dBA), day shift group two (85.8 dBA), and night shift (85.6 dBA) were the most 

consistent of all the environmental recordings in the entire study. Most studies that 

have attempted to understand the effects of noise levels on individual performance 

have been primarily conducted within a laboratory setting (Lerman et al., 2012). 

However, subjective feelings of unpleasantness and complaints of fatigue have been 

reported when individuals are exposed to prolonged periods of high noise levels 

(Lerman et al., 2012). A study by Kołodziej and Ligarski (2017) found that line 

production workers labelled high noise levels as the second most common element 

within the workplace to impact their work productivity. Despite noise levels having no 

significant relationship between fatigue and sleepiness in the current study, the noise 

levels remained consistent throughout the testing weeks. This may have potentially 

contributed towards a constant fatigue baseline level for the employees exposed to 

the persistent noise levels. 
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Work content 

The workstation of the citrus sorters required prolonged standing postures and a flexed 

trunk for most of their shift due to the nature of the citrus inspection and handling task. 

Studies have suggested that prolonged standing is one of the leading causes of 

physical fatigue within industrial work as it initiates discomfort in workers’ lower 

extremities and lower spine while maintaining a static posture (Halim et al., 2012; 

Waters & Dick, 2015). Additionally, it has been alleged that visual demands and mental 

load can generate muscle tension which adds to the postural load (Kilbom et al., 1996) 

and which is in the task demands of citrus sorters. The standing period for the 

participants varied as it was estimated that the day shift workers stood for about 8:45 

hours, while the night shift workers stood for an estimated 10:40 hours, an extensive 

period of static standing. Therefore, prolonged standing may contribute to workers’ 

cumulative physical fatigue over the season. However, rest breaks allow time-on-task 

pressures to be eased during occupational work. It was concluded in a study by Tucker 

et al. (2006) that although the benefits of occupational rest breaks may be short-lived, 

they are an effective method of mitigating the risk of accumulating fatigue. Participants 

in the current study were appointed with three rest intervals during their shift, 

amounting to about 1:20 hours. Studies have found that shorter and more frequent 

rest breaks benefit workers’ productivity and reduce the risk of injuries compared to 

one long mid-shift rest break (Caldwell et al., 2019; Lerman et al., 2012).  

Furthermore, higher work-pace has been associated with greater shoulder muscle 

activity, muscular fatigue, and increased perceived discomfort (Bosch et al., 2011). 

Translation speed is the velocity at which the fruit passes the sorter on the conveyor 

belt (Bollen & Prussia, 2014). Day shift workers’ responses to the perceived work-pace 

of the translation speed were “less manageable” for all weeks (except week one) 

compared to those of the night shift workers. These perceptions may explain why day 

shift workers recorded higher levels of overall fatigue and physical fatigue than night 

shift workers. Additionally, a work-pace perceived to be “less manageable” 

significantly impacted cognitive (r= -0.366) and psychosocial (r= -0.234) fatigue ratings 

(Table 14). These relationships may be weak and appear to be a minor contribution 

towards fatigued development. However, work-pace had a moderate relationship with 

overall fatigue (r= -0.440), indicating that the less manageable participants perceived 

their work-pace, the greater their fatigue levels. 
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Work output data varied greatly throughout the harvesting season as the citrus fruit 

intake for the packhouse depended on the fruit’s cultivar, quality, and point within the 

season. Table 10 of the work output presents numerous missing data points and 

outliers due to different work-related incidents (e.g., shifts not working, monitors 

offline, rolling blackouts aka ‘load-shedding’, researcher error), thus making it difficult 

to analyse the work distribution throughout the season. Additionally, there was no 

significant relationship between the number of crates sorted per sorter influencing 

fatigue or sleepiness variables.  

5.2.2. Individual factors 

Dawson et al. (2011) stated that susceptibility to fatigue development varies 

significantly between individuals and that individual characteristics play a significant 

role in a person’s perception of fatigue symptoms. Since no previous studies had been 

conducted on citrus workers, particularly within the Sundays River Valley context, it 

was necessary to acknowledge the participants’ demographic characteristics and 

backgrounds. All participants in the study were female with a mean age of 38 years, 

where the majority identified as being of “Black/African” ethnicity and speaking 

isiXhosa as a home language. These results resemble the 2022 South African 

population estimates published by StatsSA (2022), which indicated that of the female 

population, 81% are classified as “Black African”.  

In terms of fatigue responses, it was expected that the older aged workers would have 

perceived higher levels of fatigue, even though the evidence of age correlating with 

fatigue is mixed in research (Winwood et al., 2006). This assumption proved to be 

appropriate as it was found that the older the workers perceived greater overall fatigue 

(r= 0.222), cognitive fatigue (r= 0.249), and high sleepiness levels (r= 0.207). 

Literature states that the strength of muscle fibres diminishes with age and that 

standard ageing triggers diminished cognitive functioning, thus being the possible 

reason why fatigue is higher amongst elderly workers (Finsterer & Mahjoub, 2014; 

Gilsoul et al., 2019). However, the relationship of age with increased levels of fatigue 

and sleepiness is considered weak; therefore, the influence of age may only be a 

minor contributor.  

Perceived health status was reported to be ‘good’ by 20 participants (57%), despite 

almost a third of participants (34%) indicating that they suffered from a chronic illness. 
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According to the South African Demographic and Health Survey (SADHS, 2016), 23% 

of South African women are diagnosed with hypertension, while 23% are HIV positive. 

These statistics illustrate that chronic illnesses, especially among women, are rife. 

Although fatigue is present in healthy individuals, chronic illnesses promote greater 

severity and duration of fatigue symptoms, impacting the individual’s quality of life 

more considerably (Jorgensen, 2008). The sample’s perceived health status 

corresponds to the self-reported health status gathered by the SADHS (2016), as 39% 

of women in South Africa reported their health to be ‘good’ and 34% to be ‘average’. 

Aaronson et al. (2003) claimed that healthy subjects who participated in regular 

exercise, nutrition, and good sleep found it easier to alleviate fatigue symptoms. 

Participants in the current study who perceived to have greater levels of health also 

had significantly lower levels of physical, cognitive, and psychosocial fatigue. Even 

though this relationship was weak, it illustrates that good health positively affects 

fatigue alleviation. 

One contributor to poor health in South Africa is the use of tobacco and alcohol, as it 

generates an increased risk for cardiovascular diseases and cancer and can hinder 

recovery from fatigue (Samaha et al., 2007). Alcohol is a depressant that slows the 

nervous system and disturbs sleep behaviours; therefore, alcohol consumption has 

been accredited with reductions in sleep quality and extended periods of wakefulness  

(Dawson et al., 2011; Theron & Van Heerden, 2011). Nicotine also stimulates the 

nervous system and should be avoided before bed, as cigarette smokers are more 

likely to report sleeping problems than non-smokers (Caldwell et al., 2019). Of the 

participants in this study, only 29% claimed that they occasionally partook in using 

substances (smoking, drinking, or recreational drugs). It, however, cannot be 

concluded with certainty whether and to what extent, smoking or alcohol consumption 

contributed towards fatigue in this study as it was not documented how often these 

substances were used and in what quantities. These data only depict how many 

participants’ general health may be affected by these activities, thus potentially making 

them more susceptible to fatigue.    

The employment status of women in the Eastern Cape province, as published by 

SADHS (2016), highlighted that only 32.2% of women surveyed were currently 

employed, and more than 63% of women had no form of employment 12 months prior 
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to the survey. With the majority of the participants (85%) in this study not completing 

high school and only five participants having completed high school (15%), it would 

be difficult for participants to attain a more profitable occupation. Participants resemble 

the population of the SRV as only 15.2% of residents in the area had completed their 

matric (final year of high school) (StatsSA, 2011). Therefore, with the scarcity of job 

opportunities, particularly within the SRV’s semi-rural area, and the participants’ low 

qualifications, once workers had found employment, they would ensure to retain the 

occupation for many years to ensure their economic stability. This explains why the 

average duration employed by the packhouse was relatively high (12.4 years). 

Additionally, participants who held lower levels of education were found to be more 

significantly affected by overall (r= -0.214), physical (r= -0.189), cognitive (r= -0.228), 

and psychosocial fatigue (r= -0.195). These results correspond with the study by 

Engberg et al. (2017), who found that highly educated individuals perceived lower 

fatigue levels. 

Coping mechanisms refer to an individual’s behavioural efforts to manage internal and 

external stresses that contribute to fatigue levels (Samaha et al., 2007). Results from 

a study by Lu et al. (2017) revealed that the top short-term coping method for fatigue 

by 451 manufacturing workers in the United States was the consumption of caffeinated 

drinks (51.5%). Although caffeine consumption is a secondary method for fatigue 

alleviation, it has been acknowledged that caffeine is one of the few substances that 

allow individuals to cope with sleepiness and combat fatigue in the workplace (Geiger 

Brown et al., 2014; Lerman et al., 2012). In the current study, participants’ caffeine 

consumption before and during the shift was assessed, and it was discovered that on 

average more day-shift participants (66%) claimed to drink caffeinated beverages 

more than the night-shift participants (54%) over the study duration. Additionally, the 

day shift workers claimed to have consumed caffeinated beverages more (62%) 

during the shift than compared to the night shift workers (52%) on average over the 

study duration. However, caffeine consumption within six hours of sleep can contribute 

to sleep loss (Theron & Van Heerden, 2011). This could be why night shift workers did 

not consume as much caffeine during their shift compared to day shift workers, as it 

is assumed that they would sleep after completing their shift. Additionally, this regular 

caffeine consumption may be a minor contribution to the day shift workers’ lower 

perceptions of sleepiness. 
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5.2.3. Private situation 

The private context of each worker plays a pivotal role towards the contribution of 

fatigue symptoms or assisting in alleviating consequences of fatigue. Individual daily 

routines and activities, such as caregiving, commuting to work, exercise, or social life 

activities, involve different levels of stress and require different levels of adequate 

recovery (Dawson et al., 2011; Kilbom et al., 1996). 

Black South African family structures often mean that females take on the ‘traditional’ 

role as breadwinners and caregivers because many black South African children live 

with absent fathers (Bosch et al., 2012). In 2009, only 30% of black South African 

children under 15 had fathers in their households (Bosch et al., 2012). This means 

that females, particularly in South Africa, have different social and family 

responsibilities at home than their male counterparts, which may negatively impact 

their recovery periods and feedback on their work performance. The participants in 

the study stated that, on average, they had two (±1.54) children and one (±1.53) 

elderly living at home with them. Furthermore, most participants (89%) were single or 

widowed, which means they were entirely responsible for the dependents within the 

family and would be likely to tackle more domestic duties than those workers who are 

married or living with a partner. Domestic care and caregiving are known psychosocial 

factors that affect an individual’s physical and mental health (Thomas et al., 2020). 

Additionally, these single or widowed participants would be responsible as the primary 

financial provider for their families, which may potentially develop further psychosocial 

stressors. However, the psychosocial subscale was the only subscale of the MFIS that 

was not influenced by the number of dependents, probably due to considerable 

variability in the participants’ ratings. The number of dependents had a minor 

contribution towards the influence of physical (r= 0.177), cognitive (r= 0.191), and 

overall fatigue (r= 0.188).  

Commuting to and from work has been viewed as a contributing factor towards worker 

fatigue, as the form of transportation may affect an individual’s physical and social 

pressures (Satterfield & Van Dongen, 2013). Additionally, Satterfield and Van Dongen 

(2013) pointed out that commuting times impact the opportunity to acquire adequate 

sleep quality and periods of wakefulness, particularly if employees are walking or have 

longer travelling distances. According to StatsSA (2022), 17.4 million South Africans 
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walk to work daily, whereas 10.7 million residents must use public transport, such as 

so-called ‘taxis’. However, workers in the current study were fortunate that the 

company provided transport to and from work, and all participants indicated to benefit 

from this initiative. This would alleviate any social and physical stressors if employees 

were required to find an alternative method of transport, such as public, private, or 

physical methods.  

Physical exercise has proven to provide many benefits, such as boosting energy 

levels, improving health and well-being, and improving sleep quality (Theron & Van 

Heerden, 2011). Of the participants in the study, only 13 (38%) stated that they 

exercised once a week or more, while the rest stated they either exercised once a 

month (29%) or never (46%). Many black South African women are faced with 

contextual factors that restrict them from engaging in physical exercise (Walter & du 

Rosa, 2011). These factors include a lack of family support, access to facilities, cultural 

barriers, safety concerns, domestic responsibilities, and job responsibilities (Walter & 

du Rosa, 2011). A possible reason for most participants not wanting to engage in 

physical exercise are the long working hours spent within the packhouse and possibly 

prioritising the non-working times to recover from the workday. There was, however, 

no significant statistical correlation between exercise and the fatigue or sleepiness 

indicators, thus demonstrating that exercise was not a contributor to fatigue nor a 

mechanism to alleviate fatigue.  

In summary, participants experienced fatigue throughout the season; however, there 

was no significant effect on fatigue between shifts or over time. This was not expected, 

as it was anticipated that overall fatigue responses would increase over time. This 

expectation was formulated based on literature, the nature of the job, and the 

contextual backgrounds and circumstances of the participants. However, physical 

fatigue accumulated significantly over time, as there was a difference between 

responses in weeks one and five. There was not a single factor that stood out to 

significantly influence fatigue or sleepiness; instead, it was found that multiple factors 

provided minor contributions to worker fatigue. This corresponds with fatigue literature, 

as multiple causal factors may simultaneously collaborate to impact the individual and 

stimulate negative symptoms of fatigue (Aaronson et al., 1999; Williamson et al., 2011; 

Winwood et al., 2005).   
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6. CHAPTER 6: CONCLUSION, LIMITATIONS, AND 
RECOMMENDATIONS 

6.1. OVERVIEW OF THE STUDY 
This study investigated the prevalence of fatigue among citrus sorters in a citrus 

packhouse in the Sundays River Valley of the Eastern Cape in South Africa throughout 

a harvesting season. The citrus sorting process requires accurate attention to detail to 

ensure that all nonconforming fruits are discarded from the packing line. It was 

anticipated that the citrus sorters might experience symptoms of fatigue, given their 

exposure to various work-related and private situations. These fatigue symptoms may 

impact their sorting performance if not recognised and mitigated. Since no previous 

research had been conducted on citrus sorters in South Africa, it was not known 

whether fatigue was an issue among these workers and to what extent it may have 

impacted worker well-being or sorting performance. Therefore, the objectives of this 

study were to determine if citrus sorters experienced fatigue and, if so, what type of 

fatigue was most prevalent. Further monitoring of fatigue levels throughout a citrus 

season was necessary to analyse if any fatigue fluctuations occurred. Additionally, 

since some packhouses in the citrus industry employ shift workers, a comparison of 

fatigue levels between day and night shift workers was conducted to determine if there 

were any disparities in fatigue between the two shifts. Lastly, it was deemed essential 

to identify any associations that may contribute towards fatigue. Recognising potential 

causal factors and identifying possible worker fatigue would be an essential first step 

for implementing a fatigue management process to improve worker well-being and aid 

packhouse systems’ work quality and quantity. 

6.2. SUMMARY OF METHODS AND PROCEDURES 
This study adopted a repeated measures approach for a cohort research sample. 

Once consent had been obtained from all stakeholders, participants were asked to 

complete various questionnaires and surveys that were provided in English and 

isiXhosa. Each measurement of fatigue can only partially capture the phenomenon’s 

complexity and holistic nature, therefore requiring different assessment tools. The 

study used a two-part protocol: Part one consisted of a once-off questionnaire relating 

to demographic questions and their working context. The second part was a repeated 

assessment that consisted of questions regarding the work context, two fatigue 
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surveys (MFIS and KSS), and environmental and work-output recordings. This second 

part of the method was repeated every three weeks throughout the harvesting season. 

Various statistical analyses (descriptive statistics, Shapiro-Wilks test for normality, 

General Linear Models, Tukey post-hoc tests, and Pearson’s-Product Movement 

Correlation Coefficient Analysis) were used to address the research objectives. 

6.3. SUMMARY OF FINDINGS 
One packhouse consented to participate in the study, where the participant’s sample 

comprised 35 citrus sorters (19 day-shift and 16 night-shift workers). All the 

participants were female, of which the majority (94%) classified themselves as 

“Black/African”. The average age (38 years), work experience as a sorter (9.3 years), 

level of education (grade 11), and the number of dependents (three) were individual 

characteristics that were considered potential influences on the onset of fatigue. 

The average MFIS score for all the participants was 39.35 across the study’s duration, 

which exceeded the MFIS fatigue threshold of 38, indicating that participants were 

experiencing symptoms of fatigue. Fatigue ratings for all the participants exceeded 

this fatigue threshold for all the weeks of data collection, except for weeks one and 

two. Overall, 21 participants (60%) had an average MFIS score that exceeded this 

fatigue threshold. On the contrary, only eight participants (23%) exceeded the 

excessive sleepiness threshold of the KSS, which was seven. It was noted that the 

highest sleepiness ratings for all participants were recorded in the final week of the 

assessment, which may be influenced by the excessive exposure to work-related and 

private situation elements over time. However, there were no significant differences in 

overall MFIS and KSS scores over the six weeks of data collection, indicating no 

considerable fluctuation over time for general fatigue and sleepiness.    

The relativised scores of the different MFIS subscales revealed that the participant’s 

cognitive and psychosocial subscale scores were relatively consistent, as there was 

no significant variation over time. Conversely, the physical subscale exhibited the 

highest average scores across all weeks compared to the cognitive and psychosocial 

subscales, despite no statistically significant difference in fatigue. The high ratings of 

physical fatigue could be attributable to the long time-on-task periods, the prolonged 

standing, and the highly repetitive sorting task. Additionally, there was a significant 

increase over the weeks for the physical subscale. A Tukey post-hoc analysis 
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identified that the difference lay between weeks one and five, suggesting an 

accumulation of fatigue. This significant accumulation of physical fatigue scores over 

time partially confirms the researcher’s speculation that fatigue would increase 

throughout the harvesting season, albeit only for one subscale.  

When comparing fatigue scores between shifts, it was concluded that the day shift 

workers had greater fatigue levels, albeit not statistically significant, than the night shift 

workers, as sorters in the day shift reported moderately higher MFIS scores over the 

entire harvesting season. The day shift workers’ average MFIS score exceeded the 

fatigue threshold for all weeks of the harvesting season, which may be attributable to 

the perceived work-pace. The work-pace may have contributed to the higher fatigue 

levels for the day shift workers as they perceived the work-pace to be less manageable 

than the night shift workers throughout the majority of the study duration. On the other 

hand, the night shift workers only exceeded the fatigue threshold for the last two weeks 

of the season. This increased level of fatigue for the night shift may be attributable to 

the waking times, as they reported waking up two hours earlier for the last two weeks 

of the study than compared to earlier weeks. 

When assessing the perceived sleepiness levels of citrus sorters across the season, 

the night shift workers had higher levels of sleepiness than the day shift workers. 

Fewer hours of sleep may have contributed to higher perceived levels of sleepiness 

for the night shift workers as they recorded about one hour less sleep than the day 

shift workers. This was below the recommended number of sleep hours prescribed for 

human efficiency. However, at no point during the harvesting season did the average 

KSS scores exceed the threshold for excessive sleepiness for both shifts. 

Furthermore, there was no significant difference in sleepiness over time, thus 

indicating no increase in sleepiness ratings over the harvest season. 

Causal factors contributing to worker fatigue incorporate elements of the individual, 

the work situation, and the private situation. Elderly sorters experienced higher overall 

and cognitive fatigue, and sleepiness, while participants with higher perceived levels 

of health experienced lower levels of physical, cognitive, and psychosocial fatigue. 

With most of the participants (85%) not completing high school, it was found that all 

facets of fatigue influenced workers with lower educational levels. Lastly, caffeine 
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consumption before and during the shift was more prominent among the day shift 

workers, which may justify why day shift workers perceived lower levels of sleepiness. 

It was discovered that the effects of shiftwork had a noticeable impact on participants 

sleeping behaviour, particularly night shift workers, as there was a significant 

difference in the hours of sleep between the shifts. However, it should be 

acknowledged that the circadian rhythm can adapt to altered sleep schedules after a 

week, which may have benefitted night shift workers. Furthermore, environmental 

readings (temperature, noise, and lighting) were recorded at the end of the shift and 

revealed that night shift temperatures were lower than during the day shift. In contrast, 

noise levels were consistent across all shifts (±85 dBA). The highest lighting intensity 

was recorded during the night shift throughout the study, which was expected due to 

the additional use of artificial lighting. Nonetheless, it was found that all environmental 

elements, except for cold temperatures in the night shift, were within the 

recommended limits for efficient performance; thus, it was unlikely that these elements 

contributed significantly towards the onset of fatigue. Work output, calculated as the 

average number of crates sorted per worker, varied considerably from week to week, 

between ‘rooms and shifts. Multiple missing data points were presented, thus making 

any analysis difficult. However, across all shifts, the last two weeks were identified as 

having higher workloads. 

The private situation for black African women is unique as they are considered the 

caregivers for the family in aid of absent fathers; thus, workers may have higher 

domestic work demands when returning home. Most participants (89%) were single 

or widowed and had, on average, two children and one elderly living in their household. 

The number of dependents had a minor contribution towards the increased levels of 

overall, physical, and cognitive fatigue. Only 13 participants regularly performed 

physical exercise as most workers faced contextual challenges preventing them from 

exercising. However, there was no significant correlation between frequent or 

infrequent physical exercise and fatigue or sleepiness. 

6.4. LIMITATIONS 

6.4.1. Fieldwork constraints 

The sample for this study was limited to sorters from one packhouse within the 

Sundays River Valley; therefore, the study’s results can only partially represent citrus 
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sorters within the country, the province, or even within the region. All packhouses have 

different work systems and organisational characteristics; thus, the work demands 

may differ considerably from one packhouse to another. Additionally, the participants 

in this study only represent a fraction of all sorters within the citrus industry in South 

Africa, and caution must be practised when generalising the results of this study to the 

rest of this population.  

The nature of fieldwork research in general, and specifically within the South African 

context, provided some challenges that could have impacted the study’s findings. For 

example, labour disputes are an ongoing challenge in all South African industries 

(Alcock et al., 2022). In this case, the start of the citrus harvesting season was delayed 

due to protests from failed agreements for increased wages between farm workers 

and farm owners (Chirume, 2022). These protests turned violent; millions of rands 

were lost due to property damage, several protestors were arrested, and one resident 

was killed as a result (Chirume, 2022). These protests forced the entire citrus industry 

within the SRV to be placed on hold for a month. This, therefore, delayed the data 

collection period and could have influenced workers’ perceptions towards fatigue from 

the start due to the increased workloads (to catch up on accumulated fruit to be 

sorted). Additionally, tension within the social environment may have existed between 

management and the workers due to income disputes and the delayed start.  

A further limitation of the current study was that, in recent years, South Africa had 

been hit with major rolling electricity blackouts (known locally as “load-shedding”), 

affecting the entire country and its commercial enterprise. The finance minister of 

South Africa, Mr Enoch Godongwana, stated, “The intensity of load-shedding is having 

a disastrous effect on our economy” (Omarjee, 2022). Industries whose operations 

depended on electricity supply have had to use alternative power sources, usually 

diesel-fuelled generators. However, a diesel shortage and escalating fuel prices make 

running a generator costly (Omarjee, 2022). Unreliable power sources significantly 

affect companies’ reliance on automation and machinery, such as citrus packhouses. 

Load-shedding and the consistent use of generators placed a massive strain on the 

economic expenditure of the packhouse of focus in the study. Therefore, it was not 

viable to work particular shifts as management was required to lower economic 

expenditures on generator usage. This contextual hindrance affected the number of 
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participants assessed in certain weeks as particular shifts were not scheduled for 

work. Furthermore, there was no certainty that shifts (particularly night shifts) would 

operate, making it difficult for the researchers to schedule testing. 

6.4.2. Reflection of tools and method 

Limitations of the tools used for the study should also be noted. The MFIS was utilised 

as an outcome measure for fatigue; however, there were some limitations in 

interpreting the results. The MFIS scale was initially developed in the clinical setting 

for patients with multiple sclerosis and has not been used within the work setting. Thus, 

the scale needs to be verified to be equipped within the workplace to measure fatigue 

prevalence. Furthermore, to the researcher’s knowledge, the MFIS has never been 

applied within an African context, as most previous studies have used it in a Northern 

American or European context (Flachenecker et al., 2002; Kos et al., 2005; Téllez et 

al., 2005). Therefore, the fatigue threshold value of 38 used in this study may be 

unsuitable due to the North-South disparity. This fatigue threshold is a generalised 

value, as there are no universal norms due to varying experiences and perceptions of 

this phenomenon between persons, cultures, or regions. Furthermore, the 

assessment is subjective; thus, participants may not have answered the questions 

honestly, again bearing the sensitive labour context in mind. Furthermore, questions 

may not have been understood, due to language and education challenges, despite 

attempts to prevent these. 

Another limitation of the MFIS was the psychosocial subscale which only asked two 

questions compared to the nine and ten questions asked by the physical and cognitive 

sub-scales of the MFIS, respectively. It may not have reflected the complete 

psychosocial component of fatigue. This issue was experienced by Kos et al. (2005), 

who recommended interpreting the psychosocial subscale “with caution”. To work 

around this challenge, the MFIS subscale scores were relativised to allow an 

appropriate comparison between the different subscale scores. Larson (2013) stated 

that there is a lack of ‘agreement’ with the psychosocial subscale; however, this can 

be explained by the fact that research studies utilising this scale included individuals 

from different cultural backgrounds. The lack of agreement does not invalidate the 

subscale but suggests that further investigations of different cultural backgrounds as 

confounding variables should be recognised.  
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Karpen (2018) recognised that the most common consequence of self-perceived 

assessments is the bias generated from participants’ perceptions of their actual work 

performance and state of health that produces weak or no correlations with other work 

variables. The subjective nature of individuals’ perceptions would be challenging to 

grant significant relationships with certain variables, particularly fatigue and 

sleepiness. This may explain why no moderate or strong significant correlations were 

formed in the current study, as the KSS, MFIS, and other contextual surveys are self-

reported and based on the participant’s perceptions.  

Certain limitations transpired pertaining to the questions in the repeated assessment. 

Most questions required the participant’s perception of “how they felt now”, however, 

these measurements of their perception may have changed when removing the 

workers from their regular workstations. Therefore, the participant’s perception of 

“right now” would be considerably different as they could have been more awake than 

prior to their work interruption. Additionally, question five of the repeated assessment 

inquired about participants’ perceptions of the work-pace for the conveyor belt carrying 

the fruit ‘compared to normal’. Inter-individuality variability may have resulted in each 

participant perceiving the work-pace differently compared to an absolute ‘normal’ 

value. 

It was further recognised that the strategy to substitute a value for participants missing 

data points in the fatigue assessment may have provided a false reflection of their 

perceptions. These substituted values only accurately represent what participants had 

previously experienced, which does not provide an accurate representation of their 

current state. However, a single missing data point would have excluded the 

participant entirely from the particular assessment. Hence, the supplementation of 

values provided a greater dataset for the fatigue assessment as it enables participants 

with missing data points to remain included in the data analysis.   

Lastly, the KSS scores of the participants were intended to be recorded at three 

different intervals throughout the shift to gather an average perception of sleepiness 

throughout the shift and monitor sleepiness progression. However, packhouse 

management and logistical reasoning did not permit this procedure; thus, only one 

KSS score was obtained at the end of the shift. 
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6.5. RECOMMENDATIONS FOR FUTURE RESEARCH 
Future studies should incorporate more qualitative data into the results using focus 

groups or interviews to analyse worker fatigue further. Such information can be used 

to understand, in more detail, personal impressions and challenges from the 

participants’ perspectives and allows for the exploration of different viewpoints that 

may not have been assessed in quantitative research. Focus group discussions are a 

research technique that engages subjects in an informal interaction where they can 

express their actions, beliefs, attitudes, and perceptions (Powell & Single, 1996). 

Focus groups have been viewed as a valuable research tool to analyse a phenomenon 

that little is known about (Acocella, 2012). This technique can be conducted relatively 

quickly with low costs. This qualitative form of assessment would assist in 

understanding how variables that were difficult to measure, such as psychosocial 

fatigue, are experienced and how workers can cope or recover adequately from 

possible symptoms of fatigue. 

As mentioned previously, there was no certainty that fatigue existed amongst the study 

population, therefore, the researcher could not assume prior to the research testing 

that an ergonomics risk assessment was necessary. Based on the evidence from the 

physical subscale scores and the observations of the working postures held by the 

sorters, it is recommended that a physical fatigue assessment or an ergonomic risk 

assessment be considered. The reason is that there is potential for musculoskeletal 

disorders to occur if adequate recovery is not obtained (Mahdavi et al., 2020). 

Additionally, an in-depth sleep analysis study would be suitable, particularly targeted 

at night shift workers. Considering that night shift workers perceived the highest ratings 

of sleepiness while obtaining lower hours of sleep on average compared to the day 

shift workers may suggest potential defects in the accuracy of work performance. 

Furthermore, such studies could contribute to improving and educating stakeholders 

within the citrus industry on the potential impact of sleep loss and the prevalence of 

musculoskeletal disorders if workers do not recover adequately. 

Lastly, studies should include objective performance measurements to correlate 

workers’ performance (speed and accuracy) with fatigue and sleepiness indicators, for 

example, by assessing the number of defect fruits missed. However, these objective 

measurements require collaboration with various stakeholders and a more extensive 
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analysis of which workers were present when defective fruit was found. In contrast, 

false errors can also be recorded, as fruit that meets the export requirements is sent 

to local markets or waste bins. Objective measures justify how fatigue prevalence may 

impact citrus sorters’ work accuracy and performance.  
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APPENDIX A – EXPERIMENTAL TOOLS 
A.1: RESEARCH SCHEDULE 

Table 15: Assessment schedule that was followed for the study. 

 DAY SHIFT 
GROUP 1 NIGHT SHIFT DAY SHIFT 

GROUP 2 

WEEK 1 7 June 2022 
(Tuesday) 

7 June 2022 
(Tuesday) 

8 June 2022 
(Wednesday) 

WEEK 2 29 June 2022 
(Wednesday) 

29 June 2022 
(Wednesday) 

30 June 2022 
(Thursday) 

WEEK 3 21 July 2022 
(Thursday) 

21 July 2022 
(Thursday) 

22 June 2022 
(Friday) 

WEEK 4 10 August 2022 
(Wednesday) 

10 August 2022 
(Wednesday) 

11 August 2022 
(Thursday) 

WEEK 5 29 August 2022 
(Monday) 

29 August 2022 
(Monday) 

30 August 2022 
(Tuesday) 

WEEK 6 20 September 2022 
(Tuesday) 

20 September 2022 
(Tuesday) 

21 September 2022 
(Wednesday) 
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A.2: BACKGROUND QUESTIONNAIRE 

An investigation into fatigue prevalence amongst citrus packhouse 

sorters in the Eastern Cape Province of South Africa 

This once-off survey asks some general questions about yourself as well as aspects 

of your work schedule. All data collected are confidential and will be strictly 

anonymous. Please answer all questions honestly, but you may choose not to answer 

certain questions, if they make you feel uncomfortable. 

Date: ______________________ 

Time: ______________________ 

Packhouse code: ___________________________ 

Participant name/code: ______________________________________________ 

 

SECTION 1: DEMOGRAPHIC INFORMATION 

Please answer the following questions as accurately as possible. Answer the 

questions by either ticking the most appropriate answer or providing details where 

indicated. 

1.1 What gender do you identify as? 

 Male 

 Female 

 Other 

1.2 How old are you? 

________________ years. 

1.3 What is your home language? 

 Afrikaans 

 English 
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 isiXhosa 

 Other: Please specify, __________________________ 

1.4 What is your race group? 

 White 

 Coloured 

 Black African 

 Indian 

 Asian 

 Other: Please specify ___________________________ 

1.5 What is your marital status? 

 Married 

 Divorced 

 Single/ Unmarried 

 Single/ Unmarried, but living with a partner 

 Widow/Widower 

1.6 How many dependents are in your family?  

 Children: ____________ 

 Adults/Elderly: _____________ 

1.7 What is your highest level of education you have passed? (e.g., Grade 10, 

completed matric, bachelors degree). 

_______________________________ 

1.8 Do you have any chronic illnesses/ diseases? (e.g., HIV, diabetes, 

cardiovascular disease, arthritis, hypertension.) 

Yes 

No 

Prefer not to say 

1.9 In general, how would you classify your health?  

 Very poor 

 Poor 

 Fair 
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 Good 

 Very good 

 Prefer not to say 

1.10 On a weekly basis, do you regularly smoke, drink, or use other substances? 

 Yes 

 No 

 Sometimes 

 Prefer not to say 

1.11 How often do you exercise? 

 Daily 

 3 times a week 

 Once a week 

 Once a month 

 Almost never 

 Prefer not to say 

SECTION 2: WORK-RELATED INFORMATION 

2.1 What is your position at the company you are currently employed at? 

__________________________________________________ 

2.2 How many years have you been employed by the current packhouse? 

____________________ years 

2.3 How many years have you worked as a sorter? 

_____________________ years 

2.4 What transport do you use to get to work? 

 Company transport 

 Private transport 

 Public transport 

 Walk/cycle 

 A combination of all the above 

2.5 Do you work night shift at the company you are employed at? 

 Yes 
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 No 

 

2.6 Are you required to ever work overtime?  

Never 

 Seldom 

 Sometimes 

 Often 

 Always 

2.7 Have you completed any training or training courses for your work position 

this year?

 Yes 

 No 

2.8 Do you have a second paid job in addition to the one you work now? 

 Yes 

 No 

END 

Thank you for completing this survey! Your time and effort are greatly 

appreciated. Please make sure all questions are filled out and return the form to 

the researcher. 

  



 

A.3: REPEATED ASSESSMENT 

Date/ Umhla: ______________________ 

Time/Xesha: ______________________ 

Shift: DAY / NIGHT 

Participant name/ igama: ________________________ 

The following questions are directed at understanding your perceptions of 

fatigue/alertness as well as factors that may influence these. Please answer 

each question honestly and ask the researcher to explain any words or phrases 

that you do not understand. 

Le mibuzo ilandelayo ijolise ekuqondeni iimbono zakho ngokudinwa/ukuphaphama 

kunye nezinto ezinokuphembelela ezi. Nceda uphendule umbuzo ngamnye 

ngokunyaniseka kwaye ucele umphandi ukuba achaze nawaphi na amagama okanye 

amabinzana ongawaqondiyo. 

1. What time did you wake up for work today? 

Uvuke ngobani ixesha namhlanje? 

_____________________________ 

2. On average, how many hours of sleep did you get each night in the past 

week? 

Ulala iiyure ezingaphi phakathi evekini? 

 ____________________________ hours 

  



 

3. Did you consume some form of drink that contains caffeine BEFORE 

your shift (i.e., coffee, Coca-Cola, energy drinks, tea, supplements)? 

Bukhe wasela iziselo ezine caffeine ngaphakathi, NGAPHAMBI iqhale ishift 

yakho (izinto ezifane nje ngeCoca-Cola, energy drinks, iti okanye 

iisupplements)? 

 Yes 

 No 

4. Did you consume some form of drink that contains caffeine DURING 

your shift (i.e., coffee, Coca-Cola, energy drinks, tea, supplements)? 

Bukhe wasela iziselo ezine caffeine ngaphakathi, NGEXESHA le shift yakho 

(izinto ezifane nje ngeCoca-Cola, energy drinks, iti okanye iisupplements)? 

 Yes 

 No 

5. Compared to normal, how do you perceive the work pace of the flow of 

the fruit on the conveyor belt to be manageable in this shift? 

Xa kuthelekiswa nesiqhelo, uwubona njani isantya yeziqhamo kwiConvyeer 

belt? Iyalawuleka na kwishift? 

Not 
manageable 

(Ayilawuleki) 

 Sometimes 
manageable 
(Ngamanye 
amaxesha 

iyalawuleka) 

 Always 
manageable 
(Ngalo lonke 

ixesha 
iyalawuleka) 

1 2 3 4 5 

 

 

 

 

 

 

 



 

6. In the past 3 weeks, to what extent does working day shift/night shift 

cause you problems with: 

Kwiiveki ezi-3 (ezintathu) ezidlulileyo, ukuyomelaphi uphangela iishift 

yasebusuku okanye emini, ukuzisa iingxaki kwezinto ezibhalwe ezantsi: 

 

 
Never  Somewhat 

(Ngamaxesha 
athile) 

 Always 
(Rhoqo) 

(a) Sleep 1 2 3 4 5 

(b) Social life (ubomi 
bokuhlala) 1 2 3 4 5 

(c) Domestic life (ubomi 
basekhaya) 1 2 3 4 5 

(d) Work performance 

(ukusebnza komsebenzi) 
1 2 3 4 5 

 

  



 

Modified Fatigue Impact Scale 

Fatigue is a feeling of physical and mental tiredness and the lack of energy that 

many people experience from time to time. Generally, people who have been 

exposed to frequent physical and mentally demanding tasks experience 

stronger feelings of fatigue more often and with greater impact than others. 

Ukudinwa kukudinwa emzimbeni nasengqondweni kunye nokunqongophala 

kwamandla abantu abaninzi abazifumanayo ngamaxesha athile. Ngokuqhelekileyo, 

abantu abaye baboniswa kwimisebenzi ehlala efuna umzimba kunye nengqondo 

bafumana iimvakalelo ezinamandla zokudinwa rhoqo kwaye zinempembelelo enkulu 

kunabanye. 

Indicate how often the following statements applied to you while at work and 

compared to normal, during the past week:  

Bonisa ukuba kukangaphi na ezi nkcazo zilandelayo zisebenza kuwe ngelixa 

usemsebenzini kwaye xa uthelekisa nesiqhelo, kwiveki ephelileyo: 

 Never Rarely Sometimes Often Always 

1. I have been less alert.  

Ndilumke kancinci 
0 1 2 3 4 

2. I have had difficulty paying attention 
for long periods of time. 

Kunzima uhlala ugxile ixesha elide 
0 1 2 3 4 

3. I have been unable to think clearly. 

Kuba nzima ucinga kakuhle 
0 1 2 3 4 

4. I have been clumsy and 
uncoordinated. 

Ndizibona ndibhidekile kwaye 
ingalungelelaniswa 

0 1 2 3 4 

5. I have been forgetful. 

Ndiye ndilibale izinto 
0 1 2 3 4 

6. I have had to pace myself during my 
job tasks. 0 1 2 3 4 



 

Kufuneka ndithobe isantya xa ndisenza 
izinto zomsebenzi 

 Never Rarely Sometimes Often Always 

7. I have been less motivated to do 
anything that requires physical effort. 

Ndiya ndiphelelwa inkuthazo yokwenza 
izinto ezdinga ukusebenzisa amandla 

0 1 2 3 4 

8. I have been less motivated to 
participate in social activities. 

Andibinawo umdla yokwenza imisebenzi 
yoluntu 

0 1 2 3 4 

9. I have been limited in my ability to do 
things away from home.  

Ndiye ndithintelwa ekwenzeni izinto kude 
nekhaya 

0 1 2 3 4 

10. I have trouble maintaining physical 
effort for long periods. 

Ndiyasokola ukugcina umgudu/amandla 
ixesha elide.  

0 1 2 3 4 

11. I have had difficulty making 
decisions at work. 

Ndiba nengxaki yokwenza izigqibo 
emsebenzini 

0 1 2 3 4 

12. I have been less motivated to do 
anything that requires thinking.  

Ndiya ndiphelelwa ngumdla yokwenza 
into ecingisa kakhulu 

0 1 2 3 4 

13. My muscles have felt weak. 

Izihluni zam zivakala buthathaka 
0 1 2 3 4 

14. I have been physically 
uncomfortable. 

Adikhululekanga ngokwasemzimbeni 
0 1 2 3 4 



 

15. I have had trouble finishing tasks 
that require thinking. 

Ndiyasokola ugqiba umsebenzi 
ekufuneka ndicinge kakuhle kuwo 

0 1 2 3 4 

 Never Rarely Sometimes Often Always 

16. I have had difficulty organizing my 
thoughts when doing things at home or 
at work. 

Ndiyasokola ukulungelelanisa iingcinga 
xa kufuneka ndenze izinto ekhayeni okany 
emsebenzini 

0 1 2 3 4 

17. I have been less able to complete 
tasks that require physical effort.  

Andikhange ndikwazi ukugqiba 
imisebenzi efuna amandla. 

0 1 2 3 4 

18. My thinking has been slowed down. 

Indlela yocinga ayisafani nakuqhala, 
yehlise isantya 

0 1 2 3 4 

19. I have had trouble concentrating. 

Ndinengxaki yokugxila 
0 1 2 3 4 

20. I have limited my physical activities 
during my free time. 

Ndiye ndanciphisa imisebenzi yam 
yomzimba ngexesha lam lokuphumla 

0 1 2 3 4 

21. I have needed to rest more often or 
for longer periods after work.  

Ndifuna ukuphumla rhoqo okanye ixesha 
elide 

0 1 2 3 4 

 

  



 

Karolinska Sleepiness Scale (KSS) 

The purpose of this scale, which will be asked at the end of your shift, is to 

measure your perceived level of sleepiness/alertness at a particular time during 

the day. 

Please circle one number that best represents how you feel right now. 

 

Injongo yesikali, eya kubuzwa ekupheleni kweshifti yakho, kukulinganisa inqanaba 

lakho lokulala / ukuphaphama ngexesha elithile emini. 

Cela ufake isangqa kwi nana elimele ukuba uziva njani ngalo mzuzu. 

 

Extremely alert (Ulumke kakhulu) 
 

1 

Very alert (Iphaphile kakhulu) 
 

2 

Alert (Phaphile) 
 

3 

Rather alert 
 

4 

Neither alert nor sleepy (Andiphaphanga kwaye 
andozeli) 
 

5 

Some signs of sleepiness (Ezinye iimpawu 
zobuthongo) 
 

6 

Sleepy, but no effort to keep awake (Ndilele, kodwa 
akukho nzame zokuhlala uthe qwa) 
 

7 

Sleepy, but some effort to keep awake 
 

8 

Very sleepy, great effort to keep awake, fighting 
sleep (Ukulala kakhulu, umzamo omkhulu wokuhlala 
uphaphile, ukulwa nokulala) 

 

9 

END 

Thank you for answering the questions! Your time and effort are greatly 

appreciated.  

  



 

A.4: ENVIRONMENTAL AND WORK OUTPUT ASSESSMENT 

 

Date: ______________________ 

Shift: DAY / NIGHT 

Time: ______________________ 

 

Workplace recordings 

Shift start time: ___________ 

Shift end time: ____________ 

Number of sorters in room 1: __________________ 

Number of sorters in room 2: __________________ 

Number of sorters in room 3: _________________ 

Number of crates of fruit offloaded at beginning of system: 

ROOM 1 ______________ crates. 

ROOM 2 ______________ crates. 

ROOM 3 ______________ crates. 

Number of rest breaks per session: __________ 

Length of shift break 1: _____________ minutes. 

Length of shift break 2: ______________minutes. 

Length of shift break 3: _______________minutes. 

Environmental recordings 

Temperature. Internal: _____________º (END OF SHIFT) 

 



 

Noise. At sorters station 1: (MAX) ______________dBA 

(MIN) _______________dBA 

At sorters station 2: (MAX) _____________dBA 

(MIN)________________dBA 

 At sorters station 3: (MAX) _____________dBA 

(MIN)________________dBA 

Lighting. At sorters station 1: _______________lux  

At sorters station 2: _______________lux 

At sorters station 3: _______________lux  
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1 April 2022  

Ms Miriam Mattison 

Email: M.Mattison@ru.ac.za  

Review Reference: 2022-5389-6652 

Dear Ms Miriam Mattison 

Title: An investigation into fatigue prevalence amongst citrus packhouse sorters in the Eastern Cape province of South Africa  

Researcher: Mr Harry Jack Robinson

Supervisors: Mrs Miriam Mattison, 
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Please ensure that the ethical standards committee is notified should any substantive change(s) be made, for whatever reason, during the research process. This includes
changes in investigators. Please also ensure that a brief report is submitted to the ethics committee on the completion of the research. The purpose of this report is to indicate
whether the research was conducted successfully, if any aspects could not be completed, or if any problems arose that the ethical standards committee should be aware of. If
a thesis or dissertation arising from this research is submitted to the library’s electronic theses and dissertations (ETD) repository, please notify the committee of the date of
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Prof Arthur Webb

Chair: Rhodes University Human Research Ethics Committee, RU-HREC

cc: Ms Danielle de Vos - Ethics Coordinator 
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B.2: LETTER TO MANAGEMENT 

 

Dear Manager/Supervisor 

Re: Request to conduct research in Citrus Packhouse 

I am Harry Robinson, a Masters student in the Human Kinetics and Ergonomics 
Department at Rhodes University in Makhanda (formally known as Grahamstown), 
and I am working on a research study titled: An investigation into fatigue 
prevalence amongst citrus packhouse sorters in the Eastern Cape province in 
South Africa.  

To conduct this study, I want to ask your permission to access the sorters in your 
packhouse. Below is a summary of the purpose of my study, its procedures, and 
ethical considerations. 

Background: The citrus industry in South Africa plays a significant role in domestic 
and global revenue and is governed by strict international regulations set on the fruit 
aimed at the export market to adhere to specifications in food safety. Citrus sorting 
remains one of the few tasks in this industry where fruit is inspected manually for 
quality defects (e.g., blemishes). It is therefore considered one of the most important 
duties within the packing process and factors that may influence the inspection 
process thus need to be minimized. It is hypothesized that one of these factors may 
be fatigue amongst sorters, particularly over the course of a shift and possibly even 
over a season. However, no articles were found in academic literature on human 
factors/ergonomics research studies in citrus packhouses in a South African context. 
This study will therefore follow sorters in the citrus packhouse(s) over the duration of 
a season to determine whether fatigue amongst these workers plays a role in their 
well-being and work performance. More specifically, the study will also focus on 
identifying the type of fatigue affecting workers (if at all), fluctuations over the 
harvesting season, as well as coping methods used by sorters to overcome the fatigue 
effects experienced.  

I plan to visit numerous packhouses within the Sundays River Valley to assess as 
many citrus sorters as possible for this study so that the researcher can provide a 



 

realistic representation of this population. The benefit of this study is that it can provide 
evidence whether, or whether not, fatigue plays a significant role in workers’ well-being 
and their work performance. If so, it would be the first step to developing a fatigue 
management system.  

Procedures: This study consists of three parts. The first part entails an initial survey 
of the sorters to document demographic and work-related information. This survey 
should take only about 5 minutes to complete and will be completed at the beginning 
of the packing season. 

The second phases consist of a survey conducted every three weeks from the start of 
the harvest season, through to the end of the harvest season in September. 
Participants are required to answer a few contextual questions about their current work 
situation, and general well-being as related to fatigue. The universal fatigue 
assessment that will be used in this survey is the Modified Fatigue Inventory Scale 
(MFIS) that requires the participants to answer 20 questions by circling a number from 
0-4 that best describes how fatigue has/has not affected them over the past week. 
Furthermore, the Karolinska Sleepiness Scale (KSS), measures participants 
subjective sleepiness at a particular time during the day by circling a number between 
1-10 which best reflects their level of alertness. The aim is to ask the KSS before the 
start of their shift, during their break, and at the end of their shift so that an average of 
their working shift can be calculated. The entire survey is designed to take no longer 
than 10 minutes and can be completed at a time that will not interrupt their work. In 
addition to asking the sorters questions, I will also keep a record of production-related 
information (e.g., day or night shift, number of citrus fruits processed in a shift) and 
environmental conditions (e.g., temperature, noise). This information will allow us to 
correlate the different factors that may influence fatigue responses. Finally, the third 
of the project will phase consist of a focus group discussion at the end of the season 
where participants will reflect on the past season and their perceptions of fatigue 
throughout the season. This will roughly take 30-45 minutes of their times. 

I have attached the questionnaires/data collection sheets to this email for your perusal.  

Ethical Considerations: There are minimal risks associated with participating in this 
study. Participants may potentially feel uncomfortable sharing sensitive information, 
while you as a manager maybe more concerned about reputational risk. To avoid and 
mitigate these risks, it is important to point out that all data and information gathered 
will be kept confidential and participants’ identities and that of the packhouse/company 
will remain anonymous. Furthermore, since the aim of the study is to recognize general 
factors that may influence fatigue responses amongst sorters, all results will be 
collated and no individual worker or packhouse will be singled out or compared to 
another. Workers approached to participate in the study are under no obligation to 
complete this study and can withdraw from the study at any time without negative 
consequences. Feedback shall be given to packhouse management once the results 
have been complied and the thesis is submitted. Furthermore, feedback shall be given 



 

to the participants once data has been analysis and will be presented to them in the 
form of a pamphlet. The pamphlet will additionally provide them with information on 
fatigue in the work industry, the importance to prevent fatigue, and ways to alleviate 
the effects of fatigue. 

This study has been approved by the Rhodes University Ethical Standards Committee 
(RUESC) (reference number: 2022-5389-6652) You may, on request, see the ethical 
clearance letter. 

If you have any questions or concerns about this study, please contact myself, my 
supervisor, or the Rhodes University Ethics Coordinator.  

Thank you for your interest in participating in this research. 
 
Yours sincerely, 
 
Harry Robinson      Miriam Mattison 
Student Researcher      Supervisor 
Phone: 082-675 3515     Phone: 082-319 4626  
Email: G17R5082@campus.ru.ac.za   Email: m.mattison@ru.ac.za 

RUESC Ethics Coordinator 
Email: ethics-committee@ru.ac.za 
Phone: 046-6037727 
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B.3: LETTER OF INFORMATION TO PARTICIPANTS 

Dear participant,  

My name is Harry Robinson, a Master of Science student in the Human Kinetics and 
Ergonomics Department of Rhodes University in Makhanda (formally known as 
Grahamstown). For my thesis I am conducting a research study titled: An 
investigation into fatigue prevalence amongst citrus packhouse sorters in the 
Eastern Cape province of South Africa.  

This letter serves to ask you to participate in this research study. Below is a summary 
of the purpose of the study, its procedures, and ethical considerations.  

Background: The citrus industry plays an important role in the South African 
economy, but strict international regulations are set on the fruit aimed at the export 
market to ensure specifications on food safety. Citrus sorting remains one of the few 
tasks in this industry where fruit is inspected manually for quality defects (e.g., 
blemishes). It is therefore considered one of the most important duties within the citrus 
packing process and factors that may influence the inspection process thus need to 
be minimized. It is hypothesized that one of these factors may be fatigue amongst 
sorters, particularly over the course of a shift and possibly even a season. No articles 
were found in the academic literature on human factors/ergonomics research studies 
in citrus packhouses in a South Africa context. This study will therefore follow sorters 
in citrus packhouse(s) over the duration of a season to determine whether fatigue 
amongst citrus sorters plays a role in their well-being and work performance. More 
specifically, the study will also focus on identifying the type of fatigue, fluctuations in 
fatigue over the harvesting season, and coping methods used by citrus sorters to 
overcome the fatigue effects experienced.  

Procedures: The researcher plans to visit numerous packhouses within the Sundays 
River Valley to assess as many citrus sorters as possible for this study. There are 3 
phases to this study. Phase 1 will be a once-off survey that asks about demographic 
information (e.g., age, race, home language, marital status, health status, and highest 
level of education.) and work-related characteristics (e.g., position employed, number 
of years worked, training, and transport used for work). These questions will take about 
5 minutes to answer. Phase 2 consists of a survey conducted every two weeks from 
the start of the harvest season, through to the end of the harvest season. This survey 
will ask you questions about your perceptions of fatigue that you may have 



 133 

experienced in the previous week, and how you coped with the fatigue. The universal 
fatigue assessment that will be used in this survey is the Modified Fatigue Inventory 
Scale (MFIS) that requires you to answer 20 questions by circling a number from 0-4 
that best describes how fatigue has/has not affected you over the past week. 
Furthermore, the Karolinska Sleepiness Scale (KSS), measures your subjective 
sleepiness at a particular time during the day. On the scale you will circle a number 1-
10 which best reflects your level of alertness. The KSS will be asked at the beginning 
of your shift, during your break, and at the end of your shift. This entire survey should 
take you about 10 minutes to answer. The third and last phase of the study is a focus 
group interview which will be conducted at the end of the season. In this interview you 
and other participants will reflect on your perceived feelings of fatigue and its impact 
on work performance over the course of the past season.  

Risks and benefits: There are minimal risks associated with participating in this 
study. You may potentially feel uncomfortable sharing sensitive information or feel you 
may jeopardize your position in the packhouse. This is due to the nature of some open-
ended questions that will be asked in the focus group session. However, you do have 
the right to not respond to questions if they make you feel uncomfortable. Furthermore, 
the information you and other participants share will be kept confidential and your 
identity will remain anonymous. By using codes instead of names, the researcher can 
ensure anonymity for participants and the organization. The benefit of this study is that 
it can provide evidence whether, or whether not, fatigue plays a significant role in 
sorters’ well-being and performance. If so, it would be the first step to developing 
interventions to manage system.  

Anonymity and feedback: All information will be anonymous and at no time will your 
name or the name of the packhouse you work at be used within the reporting or 
documenting process. Since the aim is to recognize general factors that may influence 
fatigue responses, all results will be grouped together, and no individual responses 
are presented. You are under no obligation to complete this study and can withdraw 
from the study at any time without negative consequences. If you would prefer not to 
answer a question, you may leave it out. It is however very important that questions 
are answered honestly to allow for a genuine understanding of how fatigue may affect 
you and your work. Once the data have been collected and analyzed, the researcher 
will provide you with feedback on the findings, which will be presented to you in the 
form of a brochure. Additionally, the brochure will supply you with information on what 
fatigue is and ways to cope with the effects of fatigue.  

This study has been approved by the Rhodes University Ethical Standards Committee 
(RUESC) (reference number: 5412). You may, on request, see the ethical clearance 
letter.  

If you have questions or concerns about this study, please contact the researcher, his 
supervisor, or the Rhodes University Ethics Coordinator.  
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Thank you for your interest in participating in this research. 

Yours sincerely, 

Harry Robinson Miriam Mattison 
Student Researcher  Supervisor 
Email: G17R5082@campus.ru.ac.za Email: m.mattison@ru.ac.za 
Phone: 082-675 3515 Phone: 082-319 4626 
 
RUESC Ethics Coordinator 
Email: ethics-committee@ru.ac.za 
Phone: 046-603 7727 
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B.4: INFORMED CONSENT FORM 

Informed Consent Form 

Project title: An investigation in fatigue prevalence amongst citrus packhouse sorters 
in the Eastern Cape province of South Africa (Mr Harry Robinson & Mrs 

Miriam Mattison) from the Department of Human Kinetics and 
Ergonomics. Rhodes University has requested my permission to participate 
in the above-mentioned research project.  

The nature and the purpose of the research project and of this informed consent 
declaration have been explained to me in a language that I understand. (Die doel en 
oorsprong van hierdie navorsings projek en die ingeligte toestemmings deklerasie is 
aan my verduidelik in ‘n taal wat ek kan verstaan) 

I am aware that (Ek is bewus dat): 

1. The purpose of the research project is to investigate fatigue amongst citrus 
sorters working in packhouses over the duration of a harvest season. (Die 
doel van hierdie navorings projek is om die moegheid van die Sitrus 
sorteerders wat in die pakhuise werk te ondersoek gedurende die oestyd 
tydperk te ondersoek). 

2. The Rhodes University Ethics Committee has given ethical clearance to this 
research project, and I understand that I may request to see the ethical 
clearance letter. (Die Rhodes Universiteit Etiek Komitee het etiese 
aanvaarding/goedkeuring vir hierdie navorsings projek, en Ek verstaan dat ek 
die etiek brief mag aanvra). 

3. By participating in this research project, I will be contributing towards one of 
the first ergonomic studies conducted on citrus sorters within a South African 
context. This research will give us insights into whether fatigue plays a 
significant role in sorting performance and the well-being of the workers. This 
study may therefore contribute to developing interventions to prevent fatigue if 
fatigue is found to influence the packhouse system. (Deur deelteneem aan 
hierdie navorsings projek sal ek bydra tot die eerste ergonomiese studie wat 
uitgevoer is met sitrus sorteerders binne ‘n Suid-Afrikaanse konteks. Hierdie 
navorsing sal insig verskaf in, of moegheid ‘n groot rol in die sorterings 
bekwaamheid en algehele gesondheid van die werkers. Hierdie studie mag 
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bydra tot die ontwikkeling van ingrypings om moegheid onder die werkers te 
verhoed as daar bevind word dat moegheid die pakhuis sisteme beinvloed). 

4. I will participate in the project by completing a once-off survey that is aimed at 
documenting my demographic information and work characteristics. I will then 
be assessed every second week with a survey that will question my 
perceptions on fatigue that I have experienced in the past week. The fatigue 
assessment I will complete is the Modified Fatigue Impact Scale (MFIS) and 
the Karolinska Sleepiness Scale (KSS). Lastly, I will partake in a focus group 
at the end of the harvest season to reflect on my feelings of fatigue and the 
possible impact it had on work performance over the season. (Ek sal 
deelneem in hierdie projek deur ‘n ‘once-off’ vralys intevul wat gefokus is op 
die dokumentering van my demografiese informasie en my werks 
karakteristieke. Ek sal dan elke tweede week geassesseer word deur ‘n vralys 
wat my perspektiewe van moegheid wat ek oor die laaste week ondervind het 
invul. Die moegheid assesseering wat ek sal invul is die Modified Fatigue 
Impact Scale (MFIS) en die Karolinska Sleepiness Scale (KSS). Laastens, sal 
ek deelneem aan ‘n fokusgroep aan die einde van die oes seisoen om oor my 
gevoelens van moegheid en die moontlikheid dat dit ‘n impak op my 
werksprestasie mag he, te reflekteer). 

5. My participation is entirely voluntary and should I at any stage wish to 
withdraw from participating further, I may do so without any negative 
consequences. (My deelname is heeltemal vrywillig and sou ek verkies om in 
enige stadium te ontrek, mag ek so doen sonder enige negatiewe nagevolge). 

6. I will answer all questions honestly to ensure an accurate statement of my 
experience. (Ek sal al die vrae eerlik antwoord om te verseker dat die 
verklaring van my ervaring akkuraat is). 

7. I will not be compensated for participating in the research. (Ek sal nie vergoed 
word vir my deelname in hierdie projek nie). 

8. I am aware that an audio recording will be made of the focus group 
discussion. (Ek is bewus dat daar ‘n stem opname van die fokusgroep 
gesprek gemaak sal word) 

9. There may be risks associated with my participation in the research. I am 
aware that: (Daar is moontlike risikos vir my deelname in hierdie navorsings 
projek. Ek is bewus dat:)  

a) Risks associated with my participation include, personal information and 
identity revealed. (Risikos vir my deelname sluit in dat my persoonlike 
informasie en identiteit geopenbaar sal word). 

b) Steps however have been taken to prevent these risks; only the student 
researcher (H Robinson) and his supervisor (M Mattison), and a 
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translator will be privy to this information during the process of data 
collection. Thereafter, any information will be deleted and the data that is 
to be stored by the principal investigator will not have any information 
revealing one’s identity. (Stappe sal geneem word om hierdie risikos te 
vermy; slegs die studente navorser (H Robinson) en sy toesighouer (M 
Mattison), en ‘n vertaler sal privaatheid tot hierdie informasie gedurende 
die data opname proses he. Daarna sal enige informasie geskrap word 
en die data wat behoue gehou sal word deur die prinsipale navorser, 
geen informasie wat mens se identiteit bekend maak sal bevat nie).  

c) There is a very low chance of the risks occurring. (Daar is ‘n baie klein 
kans dat hierdie risioks sal plaasvind). 

10. The researcher intends publishing the research results in the form of a 
research report. However, confidentiality and anonymity of records will be 
maintained and that my name and identity will not be revealed to anyone who 
has not been involved in the conduct of the research. (Die navorser beoog om 
die resultate van hierdie projek in die vorm van ‘n navorsings verslag te 
publiseer. Alhoewel, konfidentialiteit en anonimiteit van die opgawe sal 
behoue bly en dat my naam en identiteit nie aan enige iemand wat nie deel 
was van hierdie projek, bekend gemaak sal word nie). 

11. The researcher will provide all participants with feedback. (Die navorser sal 
terugvoering aan al die deelnemers verskaf). 

12. Any further questions that I might have concerning the research or my 
participation will be answered by either the student researcher or his 
supervisor. (Enige verdere vrae wat ek mag he rakende hierdie navorsing of 
my deelname daarin sal beantwoord word deur die studente navorser of sy 
toesighouer). 

PARTICIPANT/ DEELNEMER 

__________________________ __________________________

 _______________ 

(Print name)    (Signed/onderteken)   (Date) 

PERSON ADMINISTRERING INFORMED CONSENT/ PERSOON WAT INGELIGTE 

TOESTEMMING ADMINITREER 

__________________________ ___________________________

 _______________ 

(Print name)    (Signed/onderteken)   (Date) 

WITNESS/ GETUIE 
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__________________________ ____________________________

 _______________ 

(Print name)    (Signed/onderteken)   (Date) 
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APPENDIX C – STATISTICAL TABLES 
C.1: DESCRIPTIVE STATISTICS 

The data were transferred into the Statistica Software, Model: Statistica 14 ã, TIBCO 

Software Inc. Version no. 14.0.0.15. USA (1984-2020) for descriptive statistical 

analyses of demographic data, work-related information, and various fatigue 

assessment scores. 
Table 16: Descriptive statistics of the demographic factors of all the participants. 

 
 
Table 17: Descriptive statistics of the work-related factors for all the participants. 

 

 
Table 18: Descriptive statistics of the overall MFIS scores for all participants. 
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Table 19: Descriptive statistics of the MFIS scores for the day shift participants. 

 
 
Table 20: Descriptive statistics of the MFIS scores for the night shift participants. 

 
 
Table 21: Descriptive statistics of the physical MFIS subscale for all the participants. 

 
 
Table 22: Descriptive statistics of the cognitive MFIS subscale for all the participants. 
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Table 23: Descriptive statistics of the psychosocial MFIS subscale for all the 
participants. 

 
 
Table 24: Descriptive statistics of the KSS scores for all the participants. 

 
 
Table 25: Descriptive statistics of the KSS scores for the day shift participants. 

 
 
Table 26: Descriptive statistics of the KSS scores for the night shift participants. 
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Table 27: Descriptive statistics of the perceived work-pace for all the participants. 

 
 
Table 28: Descriptive statistics of the effect of shift work on the different lifestyle 
elements for all the participants (6. A= “Sleep”, 6. B= Social life”, 6. C= “Domestic 
life”, 6. D= “Work performance”). 
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Table 29: Descriptive statistics of the environmental recordings over the study 
duration. 
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C.2: NORMALITY TESTING 
The Shapiro-Wilks test for normality distribution was used to select the most 

appropriate tool for inferential statistics. Data sets with p>0.05 are normally distributed, 

whereas p<0.05 are regarded as not normally distributed. 

Table 30: Normality table of the MFIS and KSS for the different shifts over the study 
duration. 

 OVERALL 
MFIS 

DAY 
SHIFT 
MFIS 

NIGHT 
SHIFT 
MFIS 

OVERALL 
KSS 

DAY 
SHIFT 
KSS 

NIGHT 
SHIFT 
KSS 

WEEK 1 p= 0.988 p= 0.972 p= 0.985 p= 0.923 p= 0.903 p= 0.943 

WEEK 2 p= 0.966 p= 0.958 p= 0.933 p= 0.938 p= 0.953 p= 0.773 

WEEK 3 p= 0.970 p= 0.949 p= 0.911 p= 0.896 p= 0.888 p= 0.879 

WEEK 4 p= 0.978 p= 0.962 p= 0.955 p= 0.923 p= 0.917 p= 0.902 

WEEK 5 p= 0.933 p= 0.904 p= 0.903 p= 0.923 p= 0.916 p= 0.836 

WEEK 6 p= 0.910 p= 0.884 p= 0.869 p= 0.910 p= 0.874 p= 0.910 

 

  



 145 

C.3: INFERENTIAL STATISTICS 

A General Linear Model analysis was used as to assess both normally and non-

normally distributed data. Values that represent p<0.05 indicates significant effects 

and are highlighted in red. Factors with statistically significant results underwent Tukey 

post-hoc analyses.  
Table 31: Inferential statistics of the MFIS between the different shifts and across 
weeks. 

 
 

 
Table 32: Inferential statistics of the physical subscale of the MFIS between the different 
shifts and across weeks. 
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Table 33: Tukey post-hoc analysis of the physical subscale across the weeks. 

 

 

Table 34: Inferential statistics of the cognitive subscale of the MFIS between the 
different shifts and across weeks. 

 

 
Table 35: Inferential statistics of the psychosocial subscale of the MFIS between the 
different shifts and across weeks. 
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Table 36: Inferential statistics of the KSS between the different shifts and across weeks. 

 
 

 
Table 37: Inferential statistics of the perceived work-pace between the different shifts 
and across weeks. 

 

 
Table 38: Tukey post-hoc analysis of overall subscale scores over the weeks of the 
study. 

 
* Overall subscales scores include the average scores for different subscales for the 

week.  
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C.4: ENVIRONMENTAL AND WORK OUTPUT RECORDINGS 

 
Table 39: Temperature recordings at the sorting table between the different shifts over 
weeks. 

 
DAY SHIFT G1  DAY SHIFT G2 NIGHT SHIFT 

IN
TE

R
N

A
L 

TE
M

PE
R

A
TU

R
E 

(°
) WEEK 1 16.5 N/A 12.8 

WEEK 2 N/A N/A N/A 

WEEK 3 16.3 17.2 N/A 

WEEK 4 18.2 N/A 14.2 

WEEK 5 19.8 21.6 18 

WEEK 6 20.4 25.5 18.1 

 

 
Table 40: Light intensity recordings at the sorting table between the different shifts over 
weeks. 

 
DAY SHIFT G1 DAY SHIFT G2 NIGHT SHIFT 

LI
G

H
TI

N
G

 (L
ux

) 

WEEK 1 815 815 1080 

WEEK 2 N/A N/A N/A 

WEEK 3 1295 N/A 984 

WEEK 4 681.5 820 737.5 

WEEK 5 416 717.5 836 

WEEK 6 418 820 799 
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Table 41: Noise levels recordings at the sorting table between the different shifts over 
weeks. 

 DAY SHIFT G1 DAY SHIFT G2 NIGHT SHIFT 

N
O

IS
E 

(d
BA

) 

WEEK 1 N/A 86.6 88.6 

WEEK 2 N/A N/A N/A 

WEEK 3 84 N/A 86 

WEEK 4 84.9 85.2 85.7 

WEEK 5 85.8 85.6 84.3 

WEEK 6 85.7 85.7 83.6 

 

 
Table 42: The number of sorters across the different shifts and rooms over the weeks. 

DAY SHIFT GROUP 1 DAY SHIFT 
GROUP 2 NIGHT SHIFT 

 ROOM 
1 

ROOM 
2 

ROOM 
3 

ROOM 
1 

ROOM 
3 

ROOM 
1 

ROOM 
3 

WEEK 1 17 24 24 17 24 19 21 

WEEK 2 19 21 22 20 * 22 * 

WEEK 3 5 22 19 * * 18 18 

WEEK 4 21 21 22 18 20 18 * 

WEEK 5 22 20 19 19 20 19 16 

WEEK 6 20 22 19 24 21 18 19 
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Table 43: The proposed number of crates offloaded for across the rooms per shift over 
the weeks. 

 
DAY SHIFT GROUP 1  DAY SHIFT 

GROUP 2 NIGHT SHIFT 

ROOM 
1 

ROOM 
2 

ROOM 
3 

ROOM 
1 

ROOM 
3 

ROOM 
1 

ROOM 
3 

WEEK 1 * * * 387 232 292 289 

WEEK 2 324 344 232 * * 396 281 

WEEK 3 252 252 252 * * 364 261 

WEEK 4 252 252 252 349 349 306 309 

WEEK 5 394 401 297 436 312 443 372 

WEEK 6 401 432 388 * 420 410 201 
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C.5: CORRELATIONS 

Pearson’s Product-Moment correlations analyses were conducted to determine any 

associations between the fatigue responses and the individual and work-related 

factors. Values that are highlighted in red indicate a significant relationship in a positive 

or negative direction. 

Table 44: Pearson’s Product-Movement Correlation analyses of the different 
demographic variables and their relationship with fatigue indicators. The values in red 
indicate a significant correlation. 

 
 

Table 45: Pearson’s Product-Movement Correlation analyses of the different fatigue 
indicators and their relationship with other fatigue indicators. The values in red indicate 
a significant correlation. 
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Table 46: Pearson’s Product-Movement Correlation analyses of the different lifestyle 
elements affected by shiftwork and their relationship with fatigue indicators (6. A= 
“Sleep”, 6. B= Social life”, 6. C= “Domestic life”, 6. D= “Work performance”). The values 
in red indicate a significant correlation. 

 
 

Table 47: Pearson’s Product-Movement Correlation analyses of the different 
environmental conditions and work-pace, and their relationship with fatigue 
indicators. 

 


