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ABSTRACT

Background: Agriculture plays a vital role in the economy of any industrially
developing country, including South Africa. In the Eastern Cape of South Africa citrus
farming is a significant contributor to the local economy (Johnson et al., 2005). The
harvesting phase of citrus farming is performed manually and exposes workers to
physical risks, which can lead to the development of musculoskeletal disorders. In
particular, the standard harvesting bag comprises of a single shoulder strap and
promotes asymmetrical load carriage which results in shoulder and lower back pain
complaints. The current study compared the physiological (EMG), perceptual (RPE),
usability (PUEU) and productivity effects of two new harvesting bag designs (a hip
belt and a backpack bag design) to the standard harvesting bag design. This was

performed in a laboratory as well as a field setting.

Methods (Laboratory phase): 36 participants (12 males and 24 females) were
assigned to one worker group. The “tall ladder worker” group was comprised of only
males and the “step ladder worker” and “ground worker” group of females. Each
participant was required to simulate a citrus harvesting task while utilizing each of the
bag designs on different days. On each day/test session, participants performed
three harvesting cycles. Muscle activity was measured throughout the entire testing

session and RPE were recorded at the end of each cycle.

Results (Laboratory phase): The EMG and RPE results indicate that the backpack
design was the most ideal design to reduce asymmetry, while the standard
harvesting bag design was the worst. Although not significant, there was greater
muscle asymmetry (p=0.109) and a significantly higher perceived exertion when
using the standard bag (p=0.0004), in comparison to using the backpack.

Methods (Field phase): 17 Xhosa-speaking citrus harvesters (6 females and
11 males) participated in this study. Each harvester worked with one of the three bag
designs on a different day. Productivity of each worker was assessed every hour by
recording the number of bags filled with fruit and at the end of the shift. A Perceived
Usefulness & Ease of Use questionnaire was presented to each participant to obtain

feedback on worker acceptance to the new bag designs.



Results (Field phase): A general trend in support of the hip belt bag design over the
other two bag designs were found, even within the different worker demographic
groups (age, sex and worker experience). The workers perceived less exertion
(7.98 = 1.86) and were more productive (9.90 = 2.11 bags/hour) when using the hip
belt design; they also found this bag the most useful (1.02 + 0.09) and easy to use
(2.07 = 0.25). In contrast, the backpack bag design had significantly poorer
responses when compared to the other two bag designs and this was evident in all
the dependent variables assessed (RPE, productivity and PUEU).

Conclusion: The results from the laboratory phase supported the expectation that
the backpack bag design reduces asymmetry and hence, is more suitable than the
standard harvesting bag. However, results from the field show that the hip belt bag
design was the most preferred and the backpack was the least preferred. Bao &
Shahnavaz (1989) highlight the need for ergonomics researcher to convey laboratory
findings into the field context. However, as shown by the current study, there are
numerous challenges associated with field work, making it difficult for laboratory

findings to be successfully conveyed to the field.

Limitations and Recommendations: For the laboratory phase of the project, no
biomechanical and cardiovascular responses were assessed. However, for a holistic
approach, these variables should be considered in future studies. Due to high
variability from one harvesting cycle to another, more than three harvesting cycles
should also be performed to accurately replicate the harvesting process as done in

the field over extended durations of time.

For the field phase, data should be collected from more than one citrus farm and
thus a larger sample size could be obtained. This would improve the validity of the
study. In addition to this, data should be collected for a full working day, especially if
environmental conditions are not a hindrance, as well as for a whole season, since

workloads vary, depending on the time of the harvesting season.
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CHAPTER 1: INTRODUCTION

1.1 Background to the Study

Agriculture remains the foundation for economic growth in most developing
economies (Myers, 1998; Davis, 2007), and thus the developing South African
economy needs to ensure a healthy agricultural industry in order to boost the
country's GDP, food security, social welfare, job creation and ecotourism
(Department of Agriculture, Forestry and Fisheries - DAFF, 2011). Agriculture plays a
vital role in the lives and well-being of citizens in any region as they depend on the
varying farming sectors for food, income and employment (Eastern Cape
Development Corporation - ECDC, 2012). It has been estimated by Statistics SA
(2012) that about 638,000 workers are formally employed in the agricultural sector,
but numbers of casual/informal employment are unknown. It was also estimated that
around 8.5 million people are directly or indirectly dependent on the agricultural
sector for employment and income (Statistics SA, 2012).

Food production through agriculture is essential for any developing country. South
Africa’s population is growing at almost 2% per year, which, according to Statistics
SA (2009), is expected to result in a population increase from 49 million in 2009 to
82 million by the year 2035. For this reason, food production through agriculture or
imports must more than double to feed the expanding population and production

needs to increase using the same or fewer natural resources (Statistics SA, 2009).

Like in other industries, most, if not all, labour intensive agricultural activities pose a
serious health risk to the workers involved (Davis, 2007). These workers are
exposed to risk factors such as the physical nature of the work (which can lead to the
development of musculoskeletal disorders), exposure to extreme environmental
conditions, noise and vibration, poorly designed equipment or the lack of any
equipment, contact with animals and/or exposure to hazardous chemicals, all of
which pose threats to their health and well-being (Cowie et al.,, 2005). Several
studies have shown that labour intensive/manual agriculture has one of the worst
fatal accident records of any industry and, though not usually reported in most
countries, workers are also exposed to non-fatal accidents such as falls from ladders
(Myers, 1998; McCurdy & Carroll, 2000; Schuman, 2008). For agricultural workers,



injury caused from years of hard physical work, as well as the use of poorly designed
equipment and tools remains a contributor to mortality and morbidity (Myers, 1998;
McCurdy & Carroll, 2000; Cowie et al., 2005). In regions such as the Eastern Cape
of South Africa, where there are numerous labour intensive agricultural sectors, it is
anticipated that a wide range of physical risks, and thus musculoskeletal injuries, are
present, and therefore the application of ergonomics to alleviate or reduce these
disorders is necessary (ECDC, 2012).

South Africa has a dual agricultural economy, with both large scale commercial
farming and small scale subsistence farming, mostly in the deep rural areas of the
country (Myers, 1998). In the Eastern Cape, for example, livestock farming,
deciduous fruits (citrus, apples, pineapples etc.), wool/mohair, leather,
crop/vegetable farming, dairy farming and chicory farming, are the most common
agricultural sectors (ECDC, 2012). Although these sectors are essential for
development in this region of South Africa, the methods, systems and/or practices
associated with them, continue to be a major obstacle affecting the growth and

prosperity of the agricultural industry in South Africa (DAFF, 2011).

South Africa is the third largest world trader in citrus farming, exporting over one
million tonnes internationally, with Europe being its main export market (Philips,
2006). For this reason, citrus farming in South Africa remains essential for
development and growth of the country. However, in the Eastern Cape region of
South Africa, one of the poorest provinces in South Africa, there are several
obstacles that are said to restrict the growth and development of this farming sector.
These include a piece-rate pay scale that allows for a fast and potentially risky work
pace, a working system that does not motivate sound relationships between the
employer and worker, language and literacy issues which lead to a downfall in
communication and for safety training, and varying cultural backgrounds/barriers that
make it difficult for workers to accept new interventions (Philips, 2006 & Monaghan
et al., 2011). Like with other crops, citrus farming generally includes four phases:
land preparation, planting, maintenance and harvesting (Jutras & Coppock, 1958).
Due to the almost non-existent mechanization involved in the citrus industry in
developing countries like South Africa, these phases of farming are performed
manually, leading to an increased worker exposure to certain risk factors. Although

all phases are equally important for ergonomics consideration, only the harvesting

2



phase was investigated in this study. The harvesting season for citrus fruits in the
Eastern Cape of South Africa occurs between April and August yearly. Citrus
harvesters are required to detach the citrus fruits from the trees using a pair of
harvesting clippers (secateurs) and placing the fruit into a harvesting bag. The
design of these harvesting bags is similar to the bags used in other types of fruit
farming such as apples and pears (Earle-Richardson et al., 2004.The main problem
with the design of these harvesting bags is the asymmetrical means of load carriage
that the workers are forced to adopt while harvesting the fruit. This load carriage
method not only impacts on the workers’ balance and stability (Pascoe, 2010), it also
negatively impacts on the musculoskeletal system (Earle-Richardson et al. 2005;
Monaghan et al.,, 2011). Earle-Richardson et al. (2004 & 2006) also suggest that
worker productivity rate/ job performance is affected as a result of the fatiguing
effects these asymmetrical harvesting bags have on the body. For these reasons, the
current study was an intervention project during which the standard harvesting bag
was redesigned to reduce the impact of asymmetrical load carriage on the

musculoskeletal system, and improve worker productivity.

1.2 Statement of the Problem

The design of the standard harvesting bag used in the citrus industry poses serious
risk for the development of musculoskeletal disorders as a result of the asymmetrical
load carriage method utilized. Research by numerous researchers including
Uyttendaele & Dangerfield (2006), Earle-Richardson et al. (2004) and Corrigan &
Xian Liu (2012) indicate that asymmetrical load carriage has a significant negative
impact on the musculoskeletal system. Increased muscular activity, contact stress
(Pascoe, 2010), energy expenditure (Earle-Richardson, 2004 & 2006) and static
loading (Corrigan & Xian Liu, 2012) are all factors associated with asymmetrical load
carriage and could potentially lead to injury. Monaghan et al. (2011) suggested that
the harvesting bags used, especially in countries where fruit harvesting is not
automated, may be the biggest problem in citrus harvesting as they promote

asymmetrical load carriage and potentially reduce productivity/performance rate.



1.3 Research Question

Due to the risks imposed on workers by the current citrus harvesting bag design and
the workers’ high reliance on the citrus industry for an income, these bags need to be
modified to ensure the load is evenly distributed around the body (Earle-Richardson,
2004; Monaghan et al., 2011) and the asymmetrical load carriage component is
significantly reduced to decrease the risk of injury (Uyttendaele & Dangerfield, 2006),
while ideally improving worker productivity (Fathallah, 2010; Monaghan, 2011).

The purpose of this project was to redesign the current citrus harvesting bag and
then investigate the effects of the new bags on a variety of variables by comparing
them to the responses elicited by the harvesting bag currently used in the industry.
The first phase of the study tested the effects of the new bag designs on
physiological and perceptual responses within each worker groups in the laboratory,
while the second phase of the project took place in the field and tested the new bag
designs on worker productivity, as well as the workers’ acceptance (perceived

usefulness and ease of use) to the new designs.

1.4 Scope of the Study

This study focused on the harvesting process in citrus farming, the methods,
equipment and procedures used. In the first phase of this study (laboratory phase)
the effects of bag designs were investigated on the musculoskeletal system only.
Further studies must be conducted to investigate the impact of these bag designs on
cardiovascular exertion. For the field phase only one citrus farm in the Eastern Cape
of South Africa was selected. Farm workers from multiple farms should be

considered for future research.



1.5 Project Structure

This project is divided into three parts: a) a task analysis, b) a laboratory study
(phase 1) and c) a field study (phase 2). The task analysis phase was necessary for
familiarization with physical and organizational set-up, as well as the physical
problems/risks that citrus farm workers are exposed to as a result of the work they
perform. This task analysis phase was performed through a site visit by the
researcher to a citrus farm in the Eastern Cape region, where discussions and
interviews with the farm workers and the farm manager were held. After the problem
had been identified from the task analysis phase, it was investigated in the laboratory
in order to obtain in-depth results. Since Bao & Shahnavaz (1989) highlight the
importance of “conveying findings obtained in the laboratory into the field setting so
as to improve the working conditions of real workers”, a field phase was also

performed to assess the intervention in its real setting.



CHAPTER 2: REVIEW OF LITERATURE

2.1 The State of Agriculture in Industrially Developing Countries

with Specific Reference to the Eastern Cape Region of South Africa
Agriculture is regarded as one of the oldest and most essential practices (McCurdy &
Carroll, 2000), since human beings have depended, and continue to depend, on it for
food, income, job creation and general wellbeing (O’Neill, 2000 & Shahnavaz, 2000).
Agriculture remains essential in contributing vastly to the growing economy of an
industrially developing country (IDC), such as South Africa (DAFF, 2011). South
Africa’s political change in the 1990’s built a foundation for significant changes in the
nation’s socioeconomic status and the agricultural sector is one of the many areas in
which this socioeconomic difference is seen (Nel & Davies, 1999). Agricultural
production in South Africa constitutes just over 15% of the country's gross domestic
product (GDP), down from the 20% seen in the 1930s (DAFF, 2011). Hence, it is
essential that productivity in the agricultural sector must be enhanced to cater for the
growing South African population. To boost agricultural activity for farmers in different
socioeconomic groups, Nel & Davies (1999) suggested that 3 areas must be
addressed; 1) farmers’ access to land, 2) the provision of adequate infrastructure
and 3) financial support. However, in addition to these O’Neill (2005) and Fathallah
(2010) highlighted that if the general aim is to boost agricultural activity, ergonomics
interventions/awareness would also have to be implemented and be given more

attention by all farmers, regardless of their socioeconomic background.

The dynamics of agriculture in South Africa are associated with more negative than
positive results. This is as a result of environmental conditions (such as shifts in
rainfall patterns, droughts etc.) leading to infertile soils for planting, governmental
policies influencing agricultural workers’ pay, poor ergonomics awareness resulting in
increased rates of injury and disability amongst agricultural workers, but to mention a
few (O’Neill, 2000 & 2005). The government, farmers, farmworkers, agricultural
organizations, researchers and even the entire South African population can all play
a vital role in shaping the agricultural sector of the country by providing management
systems for the harsh and unpredictable South African weather, by including more

labour laws that protect agricultural workers and by educating these workers as well



as farm owners on the importance of ergonomics and its relevance in their field of
work (Spedding, 1996; O’Neill, 2005).

Three types of agriculture exist in South Africa and in other IDCs, namely
plantations, commercial agriculture and small holder crop/livestock farming (O’Neill,
2000). In the Eastern Cape of South Africa, small scale farming is the most dominant
of these three types of agriculture, with an abundance of small scale livestock
farming and crop farming (including fruits and vegetables) occurring. Crop farming
and production generally includes operations such as land preparation, planting of
crop, maintenance, and harvesting (Rogan and O'Neill, 1993). In IDC’s there is little
or no existence of mechanization, hence these operations must be performed
manually (O’Neill, 2000). Accidents, injuries and/or the risk of developing
musculoskeletal disorders are serious considerations in the different types of labour-

intensive agriculture.

For the above reasons, the implementation of the science of ergonomics to these
crop farming and production operations/practices is thus significant. Ergonomics has
been applied in few industrially developing countries to design better methods and
tools to improve work conditions and productivity (Bao et al., 2013). The application
of ergonomics in countries such as South Africa, Brazil and Thailand has introduced
benefits such as improved productivity, occupational health standards/knowledge,
and a general increase in the quality of life to the workers that reside in these
countries (Jeyeratnam, 1992; Spedding, 1996; Scott, 2008). There is a wide range of
opportunities for ergonomics to play a vital role in improving wellbeing and reducing
injuries/accidents amongst workers in IDCs, especially through the use of
participatory ergonomics. However, the assistance of ergonomists in IACs as well as
the International Labour Organization (ILO) is needed to actively contribute to the
awareness, implementation and application of participatory ergonomics in IDCs
(Wisner, 1985; Shahnavaz, 1996; O’Neill, 2005).



2.2 Industrially Developing Countries and the Negative Spiral

The “economic cycle of disease” put forward by O’Neill (2000 & 2005) in Figure 1 is
another reason for the negative results such as poor productivity/performance rate,
high rates of injury/accidents/musculoskeletal disorders, poor worker capacity high
rate of absenteeism etc. in the agricultural sector of most IDCs. This cycle of disease
applies to the agricultural sector of South Africa and refers to workers receiving low
income and therefore living impoverished lives with inadequate food, little or no
education and poor housing conditions. This in turn, negatively impacts on worker
capacity, performance and productivity, which in turn reinforces the negative spiral of
low productivity, low income etc. O'Neill (2000 & 2005) stated that governmental
interventions to improve health, housing, feeding and educational conditions may not
be sufficient for a national change but a combination of the above, with interventions
to improve worker capacity and productivity through higher incomes or incentives,
improved equipment, etc. will be most effective to address the economic cycle of

diseases evident in IDCs.

Low working
-capageity

T

Figure 1: The economic cycle of diseases (taken from O'Neill, 2000. pp 634)



2.3 Citrus Harvesting

South Africa is the 3" largest world trader in citrus products, exporting over 1 million
tonnes to the international market (Philips, 2006). Citrus farming in the Eastern Cape
region of South Africa appears to be very common and prosperous due to the
climatic conditions and vast spaces. In citrus farming maintenance and harvesting
are the only operations that occur after the trees have grown to maturity. The
maintenance phase involves irrigation and pesticide control which, according to
Monaghan et al. (2011), is not as tedious as the harvesting phase, due to
mechanization in this phase. The harvesting phase, an integral part of citrus farming,
involves separation/detachment of the fruit from the tree with secateurs / clippers
and placing it into a suitable container, such as a bag, bucket, or apron (Jutras and
Coppock, 1958. This manual harvesting process is a strenuous, expensive and time-
consuming task (Jutras & Coppock, 1958. Harvesting citrus remains mostly a
manual task, particularly in IDCs, even though the mechanization of fruit harvesting,
especially those destined for fresh markets, is highly desirable in order to increase
productivity, and reduce rate of injury from labour intensive work (Sarig, 1993).
Mechanized farming however also has its weaknesses. Previous attempts to harvest
citrus fruits, as well as other soft fruits like apples, pears and peaches by mechanical
means have not been very successful (Monaghan et al., 2011). These attempts have
included tree shaking and separation of one fruit at a time by snapping the
supporting twig or by pulling the fruit with a suction force (Coppock, 1999).
Regardless of these interventions, none of them came close to emulating a human
picker as there was often damage to the fruit, as well as unripe fruits being picked
(Sarig, 1993). Additionally, mechanization of fruit harvesting in South Africa and other
IDC’s is not viable as a result of high unemployment rates and the high costs of
mechanized equipment or machinery, compared to costs of minimum wages earned
by citrus workers (Citrus Academy, 2006), especially since a large percentage of the
population in the Eastern Cape depends on this task for income and jobs. Therefore,
while some researchers are of the opinion that mechanized agriculture is the
essential, others believe that until an intervention is developed and proven to be as
economically efficient as the human picker, agricultural workers such as citrus farm

workers will continue to be exposed to physical risk factors associated with



harvesting the fruits manually with harvesting equipment (Sarig, 1993; Coppock,
1999; Monaghan, 2011).

As long as fruit harvesting is labour intensive, there is a role for ergonomics
researchers to ensure that the harvesting methods/practices and tools used are safe,
appropriate and do not pose a risk of accidents and/or workplace injuries. For this
reason, this study investigated an intervention relating to the harvesting bags used
amongst citrus farm workers in the harvesting phase. It must be noted that there are
other containers, such as aprons and buckets that the citrus fruits may be harvested
into. However, based on enquiries made from several citrus farms and agricultural
product companies, and also based on the literature available (Sarig, 1993; Jutras &
Coppock, 1958; Monaghan, 2011), it is evident that the harvesting bags are the most
preferred and most commonly used container in comparison to harvesting aprons

and buckets.

2.4 Harvesting Bag Design and Load Carriage

Literature by Meyers et al. (1997, 2000 & 2001) and Fathallah (2010) suggest three
main risk factors of utmost priority in the agricultural sector; 1) lifting and carrying
heavy loads, 2) awkward postures, e.g. sustained or repeated full body bending
(stooping) and 3) highly repetitive hand work, e.g. cutting or clipping. Load carriage
is an integral/inevitable task performed in labour-intensive agricultural activities, but it
has often been associated with spinal injury, although it is not ethically possible to
experiment the causal relationship between these two parameters (Grimmer &
Williams, 2000). Hence, the method in which a load is carried is important to
consider. Loads can be carried unilaterally, as seen amongst post mail workers, and
citrus farm workers, or bilaterally, as seen in the standard school bag designs (Devita
et al., 1991). The varying types of load carriage strategies (back packs, front packs
and side packs) all impact on muscle activity, gait cycle, posture and energy
expenditure (Grimmer & Williams, 2000; Earle-Richardson et al., 2004; Motmans et
al., 2007). However, Smith & Ashton (2006) state that the severity of these variables
depends on the load carriage strategy adopted, i.e. the location of the load. Many
studies have indicated that the most injury prone method of load carriage is the

unilateral carrying method, which is mainly used during citrus harvesting (Devita et

10



al., 1991; Grimmer & Williams, 2000; Earle- Richardson et al., 2004; Motmans et al.,
2007; Pascoe et al., 2010; Corrigan & Xian Liu, 2012; Quereshi & Shamus, 2012,
Bao et al., 2013). Research has shown that asymmetrical/unilateral load carriage for
long periods of time has negative effects on the body, including musculoskeletal
misalignment, musculoskeletal compensation, muscle spasms, and postural
asymmetry, which in turn gives rise to asymmetric muscular activity leading to the
development of MSDs, specifically lower back pain (LBP) (Grimmer & Williams,
2000; Motmans et al., 2007; Pascoe et al., 2010; Quereshi & Shamus, 2012). While
the use of shoulder bags is not the primary cause of lower back pain, the use of
these shoulder bags with additional load has been established as a significant risk
factor for the development of LBP (Grimmer et al.,, 2002). Another factor that may
lead to MSD risk due to unilateral load carriage is the uneven weight distribution
throughout the lower extremities (Goh et al.,, 1998; Quereshi & Shamus, 2012).
When carrying a shoulder bag, the disproportionate forces imposed on the lumbar
spine are transferred disproportionately to the lower extremities (Goh et al., 1998).
Mechanical pressure from these bags on the shoulder, and aggravated by working in
an overhead posture, are also a serious problem associated with this asymmetrical
bag design and will eventually lead to anterolateral shoulder pain and, in some
cases, impingement syndrome (Goh et al., 1998; Corrigan & Xian Liu, 2012).
However, despite the warnings of the harmful effects of this type of load carriage
method, citrus harvesters are required to make use of these shoulder bags because
of cost, convenience and to have a good range of motion (Qureshi & Shamus, 2012;
Bao et al., 2013).

The standard citrus harvesting bag currently used in most citrus industries in the
Eastern Cape, is designed to have a single strap that can be slung over the shoulder

of the harvester as shown in Figure 2.
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Figure 2: The standard citrus harvesting bag

These bags are usually made from a heavy canvas material or polyvinyl for durability
purposes; however, the structure/design of the bag remains the same worldwide, in
both developing and developed countries (that do not use mechanized harvesting
methods), as is evident from fruit farming literature (Whitney & Coppock, 1984;
Whitney & Harrell, 1989). The asymmetrical means of load carriage utilized as a
result of the fruit harvesting bag design refers to unequal load being distributed
across the body (Motmans et al., 2007). This has negative implications for the
human body and possibly worker productivity and output (Spedding, 1996; O’'Neill,
2000 & 2005; Scott, 2008). These authors, and others, clearly indicate in their work,
the link between muscle strain, which eventually leads to the early onset of fatigue
and a poor productivity rate/job performance. Hence it is essential, in the absence of
mechanical means of fruit harvesting, to intervene and reduce the biomechanical
and muscular stresses that fruit harvesters who make use of these harvesting bags

are exposed to.

Early investigations by Murray and Miller (1985) showed that 77% of letter carriers
that utilized the conventional mail bags (which were also single strap bags, similar to
the standard citrus harvesting bags and carried unilaterally) in the UK, experienced
discomfort, pain, temporary and/or permanent injury. A biomechanical analysis was
performed on these same single strap bags and baskets used in harvesting coffee
beans in Nicaragua (Bao et al., 2013). This study showed high contact stress on the
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abdominal and back areas of the workers, static loading of the low back region and
increased low back load during the harvesting task (Bao et al., 2013). Evidence from
research by Murray & Miller (1985 & 1989) and Bao et al. (2013) indicate that these
single strap bags are indeed a problem. Yet, this bag design is continually used for
fruit harvesting and even school bag designs (Murray & Miller, 1985 &1989; Earle-
Richardson et al., 2004; Motmans et al., 2007). Previous intervention studies have all
shown the physical impact and the muscular imbalance these asymmetrical bags
have on the human body during load carriage. Corrigan & Xian Liu (2012), for
example, showed that in carrying a single strap hockey bag across the shoulder
(loaded or unloaded), peak muscle activity in the rectus abdominis significantly
increased. Earle-Richardson et al., in 2004, modified the current unilateral strap
picking bag by adding an adjustable hip belt. Results from this study showed that the
addition of the hip belt to the unilateral strap bag, displaced/redistributed load more
evenly across the body, specifically between the shoulder and the hip, as 71.4% of
apple harvesters noted a reduction in back, neck and shoulder pain (Earle-
Richardson et al.,, 2004). Motmans et al. (2007) found in their study, using a
reference of 100% MVC (maximum voluntary contraction) that 1) EMG activity levels
in the erector spinae (ES) were highest (206% right ES and 203% left ES) while
carrying a shoulder bag and a front bag respectively, among college students,
2) asymmetrical EMG activity between the right and the left back muscles was
clearly observed while carrying a shoulder bag, and 3) the abdominal muscles
revealed a significant asymmetry from the EMG results (199% right abdominals and
154%- left abdominis) for the shoulder bag. They then concluded from their findings
that asymmetry in muscle activity may indicate a failure of trunk stabilization and
contribute to the development back pain and that shoulder bags should be avoided
for this reason (Motmans et al., 2007). Similarly, the effect of shoulder bags on gait
cycle, posture and energy expenditure was investigated by Pascoe et al. (2010), and
they found that the physical/biomechanical stress of carrying load on one shoulder
significantly altered posture and the gait cycle. Similar to Motmans et al., (2007) this
study investigated asymmetry of muscle activity of the left and right sides of selected
muscles but while walking. Effects of these single strap bags while walking were
then linked to subjective fatigue responses, which increased with increase use.
Another study by Mackie et al. (2005) further suggested that the length of the strap is

the most important factor for consideration to reduce physical stresses associated
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with shoulder bags, as these authors found that manipulating the strap length of
these bags altered shoulder tension and shoulder pressure. Murray & Miller (1989)
suggested an adjustable pelvic/hip harness should accompany the “diagonal
shoulder strap” bags to redistribute load and enhance stability of the user’s centre of
gravity and also to keep the bag stable while the user performs mobile duties. These
authors also suggested a shoulder pad to reduce pressure on the shoulder and an
underarm strap to keep the shoulder pad in place, i.e. to prevent the shoulder
strap/pad from moving up to the lower region of the neck. The main problem with
these shoulder bags, according to Murray & Miler (1989), is that direct compression
of the straps on the shoulder and trapezius (lower neck), leads to excessive and
intense muscular contractions which may eventually lead to the development of

musculoskeletal disorders.

2.5 Ergonomics Interventions

Once an ergonomic problem has been identified through a task analysis in a
workplace, the development of an intervention, implementation and evaluation of that
intervention follows (Norman & Wells, 1998). “The term ‘ergonomic intervention’
refers to the reduction or even the total elimination of ergonomic risk factors. It
implies that the MSDs that develop as a result of these risks such as high forces,
awkward postures and high repetition rates can be reduced/eliminated or completely
prevented through one or a combination of ergonomic intervention strategies
including administrative/organizational, engineering and/or personal intervention
(Dempsey, 2007). Musculoskeletal disorders in the workplace may be the result of
multiple risk factors; hence a multidisciplinary intervention approach may be used in
this instance (Norman & Wells, 1998). It has been suggested by Anderson (1992),
Norman & Wells (1998) & Dempsey (2007) that, depending on the circumstance,
engineering interventions should be the first option over the administrative and
personal intervention strategies. This intervention method has proven to be more
permanent than the other two intervention methods, as engineering interventions
tend to affect all the workers involved and are most unlikely to be bypassed /
overlooked by the workers (Anderson, 1992; Norman & Wells, 1998; Dempsey,
2007). This intervention strategy can be referred to as any engineered or physical

manipulations to a worker’s tools or equipment to promote worker productivity and
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reduce the risk of injury (Dempsey, 2007). They could range from a slight
alteration/adjustment of an already existing office chair to the redesign and

production of a brand new office chair.

Laboratory Versus Field debate

Lofland & Lofland (1984, pp.77) defined field research as “the process in which an
investigator establishes multiple and relatively long-term relationships between
individuals and their association with the natural setting in which they live/work for
the purpose of developing a scientific understanding of that association”. Field
research consists of studies that are conducted in their natural setting in which one
or more of the independent variables are manipulated and very little can be
controlled for (Parasuraman et al.,, 2004). According to Nel & Davies (1999) and
Fathallah (2010), assessing the type of work that manual (farm) workers perform, a
field study would be most appropriate to assess the physical strains that the farm

workers are exposed to and in the natural setting in which they occur.

Research in the field involves a range of well-defined, although variable, methods
including: informal interviews, direct observation, participation in the life of the group,
collective discussions, analyses of personal documents produced within the group,
self-analysis, results from activities undertaken off- or on-line, and life-histories (Nell
& Errouaki, 2008). Although the method generally is characterized as qualitative
research, it may (and often does) include quantitative dimensions. Research in the
field should allow for the discovery or generation of a theory, which requires
understanding of behaviour, and is usually performed by a group of people (Lofland
& Lofland, 1984). The ethical implications when conducting field research are as
important to consider as when conducting laboratory research (Burgess & Robert,
1984). However, in field research, the experimenter must be cautious in the means
used for data collection as there are also certain inevitable challenges that may
occur, such as; interrupting worker productivity, uncontrollable conditions that may
always make findings from previous similar field research impossible to obtain,
changing environmental conditions, language barriers, literacy and education,
political issues etc. (Nell & Errouaki, 2008). These are all problems that make it
difficult to conduct field research particularly in an IDC such as South Africa. To

conduct field research most efficiently, a researcher will require prior knowledge of
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the characteristics listed above of field studies. However, even the more experienced
field researchers will face difficulties and this may be attributed to the fact that no two
field studies can be the same or produce the exact same outcomes (Parasuraman et
al., 2004). Different contexts, countries, uncontrollable situations, varying
environmental and/or economical climates will ensure that the results/findings of a
field study are virtually impossible to replicate (Nell & Errouaki, 2008). This often may

create room for doubt on the validity and reliability of field research.

Performing field research has its strengths, as well as weaknesses. Lofland &
Lofland (1984) suggest that field research allows for flexibility as the researcher, due
to the unpredictability of field research, can modify their research design at any time
where necessary. This may be a considered a strength or a weakness; a strength in
that some components not accounted for in the start of the research can be added,
or a weakness in that the viability/credibility of the entire project is questioned with
constant changes. Field research creates a social component to testing as opposed
to research conducted in the laboratory and allows for the collection of non-verbal
data (Burgess & Robert, 1984; Parasuraman et al., 2004). The researcher is also
able to develop relationships with the participants and this could provide the

researcher with further insight on the topic.

In terms of negatives, field research tends to be time and effort-consuming. This is
mostly due to the great amount of detailed information that needs to be obtained
(Fathallah, 2010). Numerous factors are to be considered in the field, for example,
nothing is controlled for, hence large amounts of time, manpower and resources

must be utilized to collect data accurately (Parasuraman et al., 2004).

However, most ergonomic scientific research is based solely in the laboratory (Bao &
Shahnavaz, 1989). It is very rare that ergonomic researchers take their findings from
a laboratory based study (which is highly controlled) into the field (not controlled) to
assess what impact (if any), their findings may have on the real workers in the real
context. Bao & Shahnavaz (1989) suggested that interrupting worker productivity
may be the major concern for most researchers. However, if worker productivity is
not assessed, the effectiveness/efficacy of an intervention or of a lab finding cannot
be investigated. Therefore to ensure efficacy and effectiveness, an intervention study
in a laboratory setting must be taken out into the field setting.
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CHAPTER 3: PRELIMINARY INVESTIGATION AND TASK
ANALYSIS

3.1. Introduction

The interest in the current citrus harvesting bags arose from an initial farm site walk-
through and informal chats with the citrus farm workers. Based on these, it was
noted that these workers experienced shoulder and back pains, most likely as a
result of the design of the standard harvesting bag, since they did not experience
such discomfort outside the harvesting season. Hence, redesigning the current
harvesting bag to reduce and/or eliminate the workers pain was of interest to the
researcher. Furthermore, to investigate the effectiveness of a redesigned citrus
harvesting bag, this project was divided into two phases. The purpose of the first
phase was to perform extensive measurements in the laboratory comparing the
biomechanical, physiological and perceptual responses of the standard citrus
harvesting bag to the responses of two newly redesigned citrus harvesting bags.
Having observed, from the site walk-through that not all aspects of the harvesting
process could be tested in the laboratory and vice versa, a second phase (field
phase) was introduced. The purpose of this second phase of this study was to
introduce the new bag designs from the first phase into the field, and again compare
this design to the standard bag design. Of interest in this second phase were worker

productivity as well as workers’ acceptance to the new bag designs.

Due to the labour-intensive nature of citrus harvesting, citrus farm workers are
exposed to a variety of physical risk factors which pose a threat to their health, well-
being and productivity. Through a task analysis phase, the current citrus harvesting
bag was identified as a serious physical risk factor. A task analysis provides a
detailed description of task characteristics, durations, frequencies, complexity,
environmental conditions, necessary clothing and equipment, and any other factors
associated with performing that task; which allows for the researcher to explore the
implications for the design/interventions of tasks (Johnson et al., 1985). Kirwan &
Ainsworth (1992), suggest that a task analysis should be performed during the early
stages of any research project, to gain any relevant information that will be useful for
the future/later phases of that research project. This chapter explains the task

analysis methods and all information obtained to identify this physical risk.
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3.2. Methodology

A task analysis was performed in the early stages of this study, at a citrus farm close
to Grahamstown, in the Eastern Cape region of South Africa. This task analysis was
performed during the late harvesting season (June 2013), with the purpose of
obtaining information on the worker groups, subtasks performed, tools and
equipment used, postures assumed, methods employed, systems and practices in
the citrus industry (Drury, 1983). Informal interviews with questions relating to worker
fatigue and discomfort were also conducted. Three different workers groups were
observed during this phase, namely; the ground workers, stepladder workers and tall
ladder workers. A description of their job including the subtasks they performed, the
tools they used and the postures they assumed while performing these subtasks

were also noted and are summarized in the results section below.

3.3. Results and Discussion

The following section describes and discusses 1) the work system, 2) the worker
population groups, 3) the subtasks performed, and 4) worker perceptions, all

observed during the task analysis.

3.3.1. Work System

At least 15 workers were observed in each worker group during the task analysis
phase, but it must be pointed out that from day to day there was “movement”
between worker groups in order to balance out the required number of workers per
group.

The citrus orchards consisted of citrus trees planted in rows, the distance between
rows being 7.0m. In each row, there were about 20-35 trees, depending on the size
of the orchard, with 4.5m spacing between trees. All workers (ground, stepladder and
tall ladder workers) were required to move from tree to tree along the same row,
performing a variety of subtasks (explained below) until the harvesting bags were
filled with fruit (weighing an average of 13-14kg), after which they would carry the full

bag to the tractor (which was usually parked at the end of a row) to empty the
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content of the harvesting bag into the collection bin. Once all trees in one row had
been harvested, the workers moved to the next row of citrus trees.

A full working shift consisted of 9 hours, including a 30-minute tea break and a one
hour lunch break, although the start of the harvesting process would vary, depending
on the amount of dew that had settled overnight. Fruit had to be dry when harvested,;
hence the start of the shift was delayed at times. Task characteristics would vary,
depending on the point of time during the harvesting season. These variations were
as a result of the type of citrus harvested (lemons, oranges, soft citrus), the size of
the fruit (which in turn is affected by the type of citrus, the timing of the harvest and
rainfall throughout the growing season), the frequency of walking from tree to tree
and the number of bags collected. During the peak of the harvesting season each
worker would harvest between 60 to 100 bags per day, each bag containing about
60 oranges, although this varied considerably depending on the type of citrus
harvested. The harvesting task was self-paced, although there is pressure to keep
up with the rest of the members of the harvesting team. Worker wages are
calculated per bag harvested; hence individual productivity varied depending on

effort and experience.

3.3.2. Worker Groups

Ground workers: These workers, as seen in Figure 3 below, were mostly females
and they were required to harvest fruits at the bottom levels of the tree (about 1.5 m
high off the ground). To achieve this, they mainly worked in an overhead posture.
The subtasks they performed throughout the day included: a) carrying the harvesting
bag from tree to tree, b) picking/clipping the fruits with harvesting secateurs from the
tree and placing them into the harvesting bag, and c) once the harvesting bag was
full, emptying the harvested fruit into an collection bin (a large container on a trailer

pulled by a tractor).
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Figure 3: Ground worker harvesting fruit

. Stepladder workers: These workers were also predominantly females. They made
use of a stepladder to harvest fruit from the mid-level branches (approximately 3 m
above ground level) of the citrus tree (as seen in Figure 4). They assumed a
relatively upright posture with the picking levels at or just below shoulder height. The
subtasks these workers performed included: a) carrying the harvesting bag and
stepladder from tree to tree, b) climbing up and down the stepladder, c) clipping the
citrus fruit and placing them in the harvesting bag, and d) emptying harvested fruit
into the collection bin once the bag had been filled.
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Figure 4: Stepladder workers harvesting fruit

. Tall Ladder workers: These workers were entirely males, who would harvest citrus
fruits at the top most levels of the tree (around 4.5-5 m above the ground), using tall
A-frame ladders to reach the highest levels of the tree. As seen in Figure 5, they
were required to assume a forward reaching and stooped posture in order to harvest
the fruit. The subtasks they performed included a) carrying the bag and the tall
ladder from tree to tree, b) climbing up and down the tall ladder, c) clipping the citrus
fruit and placing it into the bags, and d) emptying harvested fruit into the collection
bin.
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Figure 5: Tall ladder worker harvesting fruit

3.3.3. Sub-Tasks

The following descriptions provide further details of each of the observed subtasks.

Table | below shows each subtask performed according to each worker group.

Task A: Carrying bag only or carrying bag with ladder:

Once the workers had harvested all ripe fruit from one tree, they had to move on to
the next tree. This meant having to carry either only the harvesting bag, or carrying
the harvesting bag together with either the stepladder or the tall ladder from one tree
to the next. Once they had arrived at the next tree, the ladder (stepladder and tall
ladder) workers had to first set up the ladders before commencing with the
harvesting task. Both types of ladders had to be placed on the ground and as close
to the tree as possible, while also ensuring that the ladders were stable. Once the
worker had finished collecting the citrus, they picked up the ladders and the process
was repeated. Three concerns arose with this subtask. Firstly, the main problem with
carrying the standard citrus harvesting bag was the asymmetrical component it

promotes. Literature has shown, and continues to show, that asymmetrical loads
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have negative effects on the body, including musculoskeletal misalignment,
musculoskeletal compensation, muscle spasms, and postural asymmetry, which in
turn, gives rise to asymmetric muscular activity and leads to the development of
MSDs, specifically lower back pain (LBP) (Devita et al., 1991; Grimmer & Williams,
2000; Earle-Richardson et al., 2004; Motmans et al., 2007; Pascoe et al., 2010;
Corrigan & Xian Liu, 2012; Quereshi & Shamus, 2012). The second concern was the
mechanical pressure placed on the shoulder from wearing these single shoulder-
strap bags, as this increased pressure on the shoulder could result in increased
discomfort or pain on the shoulders (Earle-Richardson et al., 2004 & 2006). The third
concern was the load carriage of the ladders which are bulky, awkward to manipulate
and add to the loading already imposed by the harvesting bag and its content
(Armstrong et al., 2009).

Task B: Climbing ladder:

This sub-task required only the stepladder and tall ladder citrus workers to climb up
the ladders in order to reach the fruit to be harvested in the middle and higher levels
of the citrus trees respectively, and, once completed, climb down the ladders again.
The main concern with this task was the increased whole body muscle activity or
muscle compensation to maintain balance while climbing up and down the ladder,
especially with additional load from already harvested fruit in the bags (Earle-
Richardson et al., 2004 & 2006). These could lead to an increased risk of falls off the

ladders and hence were a concern.

Task C: Clipping fruit:

The clipping task refers to detaching the citrus fruit from the stem using a pair of
harvesting secateurs. To perform this task effectively, i.e. cutting the citrus stem at
the correct length and without damaging the fruit, workers had to assume a variety of
postures, some of which were considered awkward. The ground citrus workers, for
example, were required to clip the fruits with the harvesting secateurs in an overhead
posture while, at the same time, carrying the bag and its content. The literature
states that this increases contact pressure on the shoulders, as well as muscle
stabilization of the trunk muscles from a fine manipulative task such as using

secateurs to cut fruit (Pascoe et al., 2010). The stepladder workers mostly worked at
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what would be considered optimal height (no higher than shoulder level), but again
of concern were the trunk muscles that are needed to be recruited to stabilize the
body while performing the fine manipulative tasks while balancing on the stepladder,
as well as the mechanical pressure placed on shoulders by the shoulder strap while
carrying the load and working overhead (Corrigan & Xian Liu, 2012; Quereshi &
Shamus, 2012), in addition to the lateral spinal tilting from carrying load (Motmans et
al., 2007; Pascoe et al., 2010). The tall ladder workers assumed a forward leaning /
stooping posture of approximately 45 degree flexion) to reach and clip/harvest the
fruit at the uppermost parts of the tree. This can lead to high compression forces
acting on the lower back due to increasing internal muscle activity (Motmans et al.,
2007), as well as increased trunk muscle activation to stabilize the body on top of the
tall ladder while also carrying an asymmetric load.

Task D: Emptying Fruit:

Once a harvesting bag had been filled, the workers were required to carry the bags
and their contents to a collection bin on a trailer, pulled by a tractor. This subtask
comprised of workers climbing onto the tractor (1.2m high from the floor). This tractor
held a collection bin (1.45m high and 1.07m wide) and workers leaned over the edge
of this bin while tipping over the harvesting bag for the fruit to fall into the collection
bin. Since workers were paid according to the number of bags they harvested, the
use of a control sheet was the system the farm owner used to keep track of how
many bags each worker has collected. Every time a worker emptied a full bag of fruit
into the collection bin, the supervisor marked a box on the control sheet. The
problem associated with the sub-task of emptying the fruit into the collection bin was
the potentially excessive muscle activity from heavy lifting, lateral spinal tilting,
velocity and acceleration of tilt that is required to perform the task, as also pointed
out by Pascoe et al. (2010) and Quereshi & Shamus (2012), and which could result

in increased muscular injury.
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Table I: Subtasks performed by each worker group

Subtask
Carrying bag Climbing _
. . Emptying
only/ bag + up/down Clipping fruits .
fruits
ladder ladder
These workers
These workers were required
Ground carried the bag q
to work in an
worker only throughout N/A
) overhead
(females) the entire . All workers
. posture to clip .
harvesting task fruits emptied the
harvested fruit
These workers .
. These workers into an
carried both the . : .
. climbed up and | These workers | emptying bin
Stepladder harvesting bag . :
down a were required 1.45m high
worker and a stepladder .
) . stepladder in | to work around | and 1070mm
(females) while walking . . .
order to clip shoulder height wide by
from one tree to . o
fruits at each climbing up
another one step and
These workers | These workers o P
. . These workers | tilting the bag
carried both the climbed up a .
. : harvested fruit to release
Tall ladder harvesting bag tall ladder in . :
in a 45 degree | harvested fruit.
worker and a tall ladder order to
. . forward
(males) while walking harvest the
. stooped
from one tree to fruits at each
posture

another

tree

3.3.4. Worker perceptions

Informal individual and group discussions were conducted with the workers to

determine the workers’ perceptions of their job and it requirements.

It was

established through these conversations that the current design of the citrus bag was

problematic as the workers commented on pain and discomfort experienced in the

lower back and also the shoulders, most likely as a result of the asymmetrical load

carriage method they adopted while using these bags. Consequent and more in

depth interviews/discussions with the workers were impossible to perform as the

citrus harvesting season was over and the workers moved to other jobs. Citrus

harvesters are migrant workers and they would only return the following citrus

harvesting season.
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3.4. Bag Re-design

Once the standard harvesting bag had been identified as a problem, new bags were
designed. Since the harvesting bag design currently used in the citrus industry
promotes asymmetrical load carriage, bag design was chosen as an independent
variable to assess whether changing the bag design would reduce the strain on the
musculoskeletal system and therefore the risk of musculoskeletal disorders

development.

In developing the new bag designs, a product design specification (PDS) was set up
(see Appendix A). The PDS is a statement of intention to design a certain product
that has not yet been developed, to ensure that the new design meets the needs of
the user of that product (Cross, 2006). The PDS phase is usually performed after
finding the need for a new design as a result of worker feedback or complaints.
Researchers therefore attempt to understand a problem on a deeper level which
enables them to develop sound requirements for the new design. Limits for these
requirements are also determined in this phase. Cross (2006) suggests that this

phase is a specification of “what is required” and not of the actual product itself.

A PDS checklist was developed for redesigning the standard citrus harvesting bag
design, based on existing literature on the requirements for bag designs and load
carriage, and results obtained from the task analysis. It would have been preferable
to obtain more detailed worker input in this phase, however the citrus farm
harvesters in this region were migrant workers and were unavailable for further
interviews between harvesting seasons. The PDS checklist comprised of practical
but principal issues that needed to be addressed in order to develop the most
suitable bag designs for the citrus harvesters (see Appendix A). Considerations on
the PDS checklist developed for this study included: increased worker performance,
reduction of asymmetry from load carriage (Earle-Richardson et al., 2006; Motmans
et al., 2007), reduced muscle activity (Earle-Richardson et al., 2006; Corrigan & Xian
Liu, 2012), low production costs, high range of motion, decreased shoulder pressure
(Earle-Richardson et al., 2006; Bao et al.,, 2013), easy emptying, durability,
adjustability, worker acceptance to new design (Earle Richardson et al., 2004; 2006).
Three bag designs were selected to be tested in the current study; a) the standard
bag design, b) a hip belt bag design and c) a back pack bag design:
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A. Standard bag (SB) design: From previous research by Grimmer & Williams
(2000), Earle-Richardson et al. (2004), Motmans et al. (2007), Kudryk (2008),
Pascoe et al. (2010), Corrigan & Xian Liu (2012) and Quereshi & Shamus (2012)
and by questioning agricultural equipment manufacturers and distributors, this
bag design appeared to be the most commonly used one world-wide for citrus
harvesting, as well as other fruits (e.g. pears and peaches). It comprises of a
single strap, worn across the shoulder (refer to Figure 6), a loop in the front to
keep the bag open and a pin down system at the bottom, which, when released,
allows emptying of the fruit from the bottom of the bag. It is usually made of a
canvas or polyvinyl material for durability purposes. This bag design forces the
worker to adopt a unilateral/asymmetrical load carriage method which leads to
asymmetrical postures, increased muscle activity, poor balance, and increase in
contact pressure while performing the different tasks; since the load is unequally
distributed around the body (Earle-Richardson et al., 2006; Corrigan & Xian Liu,
2012). This load carriage method has negative implications for the
musculoskeletal system of the worker and possibly, the workers’ productivity
(Fathallah, 2010).

Figure 6: Standard harvesting bag design- bag with a single strap carried unilaterally
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B. Hip belt (HB) bag design: The addition of a hip belt to a front pocket bag design
was implemented for apple harvesters in New York (Earle-Richardson et al.,
2006). Although citrus harvesting bags have a side pocket instead of a front
pocket, the idea of adding an adjustable hip belt was similar. The study amongst
apple harvesters found that the addition of a hip belt to a front-pocket bag design
redistributed weight from the upper back, neck and shoulders to the hips, much in
the same way a mountaineering backpack redirects the weight to the hips
(Murray & Miller, 1989; Murray et al., 2001). A similar intervention for mail carriers
in a study by Murray & Miller in 1989 showed that loading on the lower back was
reduced with the addition of an adjustable hip belt. The bag designed and shown
in Figure 7 had a soft and well-padded neoprene hip belt with an adjustable clip
buckle for workers of different sizes to be able to make use of the same bag. The
hip belt was designed to sit on the iliac crests, being the uppermost part of the
largest bone in the pelvis (the ilium) (Tortora & Derrickson, 2005) and, as such,
useful to ensure that the bag sits and balances well around the pelvis (Tortora &
Derrickson, 2005).

Figure 7: Hip belt bag design-the standard bag design with the addition of a hip belt
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C. Backpack (BP) design: As shown in Figure 8 below, this bag design comprised
of 1) wide and adjustable shoulder straps, which sat across the full width of the
workers’ shoulders (to ensure weight distribution across upper back, neck area
and shoulders), 2) a loop to keep the bag open at the back of the bag for
harvested fruits to be placed easily, 3) an additional strap across the upper chest
area to keep the shoulder straps from slipping off the workers’ shoulders, and 4)
an adjustable hip belt similar to one used in the hip belt bag design. The shoulder
strap was selected instead of a “cross-your-heart” design to cater for female
workers who may experience high discomfort from having straps across their
breasts. However, another feature of this bag design included a strap with a clip
situated across the workers upper chest. This feature did not cause discomfort
amongst the female workers/participants since it was located across their upper
chest and not across their breasts and was essential to prevent the shoulder
straps from slipping out of place while the workers/ study participants performed
the harvesting subtasks. Based on previous bag design research studies
performed by Murray & Miller (1989), Goh et al. (1998), Qureshi & Shamus
(2012) and Bao et al. (2013), there is a general consensus suggesting that a
backpack design may be the most beneficial to redistribute the load evenly
across the body and hence reduce the risk associated with asymmetrical load
carriage. The backpack design was also suitable as it allowed freedom of
movement at the front, both for the arms when picking the fruit, but also for the
legs when climbing up ladders (Corrigan et al., 2010). The hip belt was essential
to re-distribute the load and also to keep the bag fixed against the worker’s body
(Grimmer & Williams, 2000; Earle-Richardson et al., 2004; Motmans et al., 2007).
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(a) (b)

Figure 8: Anterior (a) and lateral (b) view of the backpack bag design

3.5. Conclusion

Findings from this task analysis phase showed that citrus farm workers perform a
variety of tasks, and use certain tools for long durations that expose them to physical
risk. In this study specific attention was paid to the standard harvesting bag they use
as the major cause of musculoskeletal pain (in shoulders and lower back). Hence
redesigning this bag is the focus of this study.
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CHAPTER 4: LABORATORY STUDY

4.1 Introduction

There is evidence to suggest that the current citrus harvesting bags being used in
the citrus industry promote asymmetrical load carriage, which in turn negatively
impacts on the musculoskeletal system and the workers’ well-being (Pascoe et al.,
2010; Qureshi & Shamus 2012). This phase of the project was a laboratory based
intervention study in which the standard citrus harvesting bag was compared to the

two new designs to determine whether the physical risk factors had been reduced.

4.2. Methodology

4.2.1 Experimental design

The purpose of this laboratory study was to compare the EMG and RPE responses
while using the standard citrus harvesting bag for the different worker groups in
citrus farming, to the two newly designed citrus harvesting bags. A holistic approach
involving biomechanical response in addition to the physiological and perceptual
response would have been most ideal for the current study. However, during
exploratory studies, it was found that the readily available biomechanical means of
assessing asymmetry (i.e. use of lumbar motion monitor, inclinometer and
accelerometer) would be affected with the use of the backpack design. For this

reason, biomechanical responses were not assessed in this study.

The two new harvesting bags designed were the “hip belt design” and the “backpack
design”, both which are described in detail in Chapter 3 under the “Bag Re-design”
section. To determine the effects of the standard harvesting bag design over the new
bag designs for the three different worker groups (refer to Chapter 3, “Worker
groups”), a partial repeated design was developed for this first phase of the project.
The impact of bag design was tested using a repeated one-factorial experimental
design, on each of the three different worker groups. Differences in responses of
each bag design and within each group was of interest in this phase of the study,
hence no comparisons were made across the different worker groups since the tasks
each worker group performed varied.
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Participants were allocated to one of the three worker group (all male participants
were allocated to the “tall ladder worker” group and females to either “ground” or
“stepladder worker” group), and were required to perform a simulated citrus
harvesting protocol with each bag design. This participant allocation corresponded to
the worker allocation on the citrus farm observed during the task analysis. One bag
was tested during one testing session/day; hence participants attended a total of
three test sessions. The participants allocated to the ground worker group performed
only conditions 1-3, the step ladder workers conditions 4-6 and the tall ladder

workers conditions 7-9- These conditions are outlined in Table II.

Table II: Test conditions for the laboratory phase of the project

Harvesting bag design
Standard bag Hip belt bag Backpack bag
design design design
- Ground
) Ci: SB-GW C.. HB-GW Cs. BP-GW
= worker
?3,_ Stepladder
o C4 SB-SL Cs. HB-SL Cs. BP-SL
- worker
()
< Tall ladder
) C7. SB-TL Cs. HB-TL Co. BP-TL
= worker
Where;

SB: Standard bag

HB: Hip belt design
BP: Backpack design
GW: Ground worker
SL: step ladder worker

TL: tall ladder worker
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4.2.2 Statistical Hypotheses

The null hypothesis stated that the EMG and RPE effects of the standard bag would
be no different to those produced by the new bag designs. The alternative
hypothesis stated that there would be a difference between the muscular and

perceived exertion responses.

Ho: sBD= AHBD=[ABPD
Ha: | sBb# | lHBD#[ABPD

Where:
= mean EMG and RPE responses,

SBD= standard bag design,
HBD= hip belt bag design,
BPD= back pack design

4.2.3 Laboratory set up

The laboratory set-up for the simulation of citrus harvesting comprised of three
harvesting stations - these were metal structures each constructed to represent a
citrus tree using dimensions obtained in the field during the task analysis. The
harvesting stations were each 3m high and stood 4.5m apart from each other with
“fruit” to be harvested and a collection bin (refer to Figure 9).

X X x .

3m 4.5m 4.5m 4.5m

_—

Im

Station 1 Station 2 Station 3 Collection bin

Figure 9: Schematic diagram of laboratory set up, showing three harvesting stations
(representing citrus trees) and the collection bin
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Sand-filled socks/stockings hanging from pieces of string simulated citrus fruits on
the trees. This option was found the most suitable to prevent waste of citrus fruits
that were only just coming in season at the time of the laboratory phase and also as
the more resourceful option. In addition to this, the sand-filled socks corresponded
best in weight and size to real citrus fruits, compared to other options that were
explored. Each harvesting station also comprised of a carpeted area (to improve
ladder stability) and two safety mats on either side of the “trees” (in case of a
participant falling off the ladder).

To execute one harvesting cycle, participants had to perform the following activities:
carry the harvesting bag to the first harvesting station (with or without a ladder,
depending on the worker group allocated to) and climb up the ladder (stepladder and
tall ladder workers only). To pick the fruit participants were required to cut a string
using a pair of children’s art scissors (to minimize risk of injury) and place the “fruit”
into the harvesting bag. In this manner the participants harvested 20 “fruits” from
each “tree” / harvesting station. Once 20 “fruits” had been harvested from the first
tree, they had to climb down the ladder (stepladder and tall ladder workers only) and
move to the second harvesting stations, repeating the subtasks as at the first station,
and, after another 20 “fruits”, they moved to the third harvesting station. Once
participants had completed picking the fruit at the third station and the harvesting
bag had been filled with 60 socks, weighing between 13 and 14kg, participants
carried the fruits to the collection bin and emptied them into it. Having performed
explorative studies prior to the actual data collection, it was decided to have
participants perform three harvesting cycles of each condition to reduce the influence

of variability between cycles.

It must be noted that the working postures (overhead posture for ground workers,
shoulder height for stepladder workers and forward stoop for tall ladder workers),
were made relative to each participant’s stature to accommodate the different
anthropometries, and reduce the effects of the varying working postures on workload
and physical strain, as well as to also standardize this posture, thus eliminating the
participants’ statures or arm lengths as extraneous variables. To achieve this,
selected participant demographic data, including stature (using a stadiometer), mass
(using an electronic scale), age, sex, and shoulder height (distance between the

acromion process and floor, using a tape measure) were collected during the

34



habituation/introductory phase. Having performed explorative studies a 40 degree
angle between the arm and the trunk (i.e. 75% of arm length) was used for the
ground and stepladder workers and approximately a 45° forward lean for the tall
ladder workers. This angle for the tall ladder workers was made possible by the
researcher marking, on the carpeted area, spots where the tall ladder would be

placed for each participant according to their height.

Participants performed all three harvesting cycles in total with a one minute rest
break in between cycles. This break was not for recovery purposes but necessary for
the researcher to collect local RPE data and check equipment set-up. Participants
were required to have at least four days between each test session to ensure there

was no DOMS (delayed onset muscle soreness).

4.2.4 Independent Variables
4.2.4.1 Bag Designs

The standard harvesting bag currently used in the citrus industry was compared to
the redesigned bags, namely the “hip belt bag design” and the “backpack bag

design”. See chapter 3 for a detailed description of the bag designs.

4.2.4.2 Worker Groups

From the task analysis phase, three different worker groups were observed.
Although all worker groups harvested the citrus fruit, the subtasks they performed
differed slightly from one group to another (Chapter 3 provides a detailed task
description of each worker group’s activities). In this phase of the study, the recruited

participants were required to perform subtasks according to the worker group.
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4.2.5. Dependent Variables
4.2.5.1 Muscle Activity

An increase in asymmetrical muscular activity is a component for the detection for
asymmetrical load carriage and eventually the development of MSD’s (Devita et al.,
1991; Grimmer & Williams, 2000; Earle-Richardson et al., 2004; Motmans et al.,
2007; Kudryk, 2008; Pascoe et al., 2010; Corrigan & Xian Liu, 2012; Quereshi &
Shamus, 2012; Bao et al., 2013). Therefore, surface EMG, which is a non-invasive
but still an accurate measure of muscle activity, was selected as a variable of interest
in this study. It is known that an increase in EMG amplitude correlates with increased
muscular force/activity as a result of greater motor units firing rates, as well as more
and larger motor units being recruited (Alkner et al., 2000; Kudryk, 2008). This has
been observed in previous load carriage research, indicating asymmetry and fatigue
(Earle-Richardson et al., 2006; Motmans et al., 2007; Kudryk, 2008; Corrigan & Xian
Liu, 2012).

Earle Richardson et al. (2006) assessed muscle activity during an intervention study
conducted amongst apple harvesters. The findings from this study, as well as other
similar studies by Motmans et al. (2007), Kudryk (2008), Corrigan & Xian Liu (2012)
and Bao et al. (2013), suggested that muscle activity is a valid and reliable measure
to assess asymmetrical component in load carriage. For this reason, muscle activity
was chosen in this study to infer asymmetrical loading of the trunk as a result of the
different bag designs by giving information on which side (left or right muscle) was
compensating most to maintain balance. Three muscle groups as suggested by
Earle-Richardson et al. (2006), Motmans et al. (2007), Kudryk (2008), Corrigan &
Xian Liu (2012) and Bao et al. (2013) were selected to detect asymmetrical load
carriage from the different bag designs. These included the trapezius, erector spinae
and anterior deltoid muscle. The trapezius is the main elevator muscle in the
shoulder girdle, and aids in stabilizing the scapula during arm movements. Hence,
for the clipping, emptying and even climbing subtasks, this muscle group was
essential to assess. The erector spinae muscles allow for stabilization of the trunk
and were thus important in performing all the subtasks in citrus harvesting. The
anterior deltoid was chosen over the middle and posterior deltoid after the
researcher conducted pilot studies. The anterior deltoid allows for shoulder

abduction when the arm is internally rotated and for shoulder flexion in the sagittal
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plane. This muscle assists with subtasks such as climbing up ladders, emptying and
clipping fruits; tasks performed by all three worker groups (Moynes et al., 1986;
Sherman, 2003; Corrigan & Xian Liu, 2012; Quereshi & Shamus, 2012; Bao et al.,
2013). Hence, these muscle groups would be a good indicator of any muscular
activity experienced during the asymmetrical carriage of the bag designs (Earle-
Richardson et al., 2004; 2006).

4.2.5.2 Perceptual Responses

Ratings of Perceived Exertion (RPE) are a common method of determining exercise
intensity levels and subjective responses to musculoskeletal strain (Borg, 1970). It
was essential to obtain these perceptual responses from the participants in order to
obtain subjective feedback on how hard they felt they were working while performing
the test protocol. Additionally, since a holistic approach was adopted to broaden the
scope of the study, perceptual responses alongside physiological (EMG) responses

were measured.

The RPE scale is easy and straight forward to use and requires participants to call
out, or point out on the scale, the level of exertion they are experiencing. This
perception of effort or exertion is a subjective evaluation of how hard a participant
feels his/her body is working (Borg, 1998). A local RPE scale (which gives subjective
information on muscular effort) of the lower back and shoulders was used in this
study to determine the impact of the bag designs on musculoskeletal strain. RPE
was used for this laboratory protocol to give subjective/perceptual indications of how
much participants in each of the different worker groups felt they were exerting
themselves while performing the harvesting subtasks, using the different bag

designs. RPE was recorded, at the end of each harvesting cycle.

4.2.6. Equipment and materials
4.2.6.1 Electromyography

Electromyography (EMG) is a technique for evaluating and recording electrical
activity produced in the muscles (Kudryk, 2008; Pascoe et al., 2010). It was essential
in this study to assess muscle activity to investigate which method of load carriage
required the most muscular activity and inferring asymmetry from it. The DataLOG
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surface EMG system (Biometrics Ltd. Newport, UK) was utilized to measure
muscular activity as it is a non-invasive and objective measure of muscle function
(Oddson & De Luca, 2002. The Biometrics DataLOG system has eight analogue
channels and two digital channels, which allow for the simultaneous collection of a
variety of data. Electrodes with conduction gel were placed on the left and right sides

of the trapezius, erector spinae and anterior deltoid muscles as shown in Figure 10

below.

(A) (B)

Figure 10: Electrodes placed on different muscle groups: A) left and right erector

spinae, B) left and right trapezius and anterior deltoids

As normalization reference, EMG data were collected during maximal voluntary
contractions (MVCs) for each muscle. The peak 3s average EMG value was
selected as a normalization value (100%). The raw data obtained was sampled at
1000 Hz.

MVCs were performed on the selected muscles for reference/baseline EMG
readings. The use of MVCs has received criticism as a measurement of maximal
effort, as eccentric muscle exertions can exceed the force produced during an
isometric exertion (Moynes et al.,, 1986; Mirka, 1991; Sherman, 2003). It was
recommended in research by Mirka (1991) and Sheppard (2012) that for dynamic
tasks maximum dynamic (usually isokinetic) contractions should be used to obtain
reference EMG levels. However, it must be noted from the research above that the
researchers established dynamic tasks as tasks in which the participants are
required to sprint (like during cricket) or exert an “all-out effort” (Mirka, 1991,

Sheppard, 2012). The harvesters in the citrus industry however performed their tasks
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at a considerably slower and self-selected pace. Therefore, MVCs were considered

to be suitable as reference/baseline readings.

Described below are the procedures for locating the selected muscle groups and
determining the electrodes placements, which correspond to methods by Gross et al.
(2009). Procedures of how MVCs were performed corresponded to those proposed
by Mirka (1991).

Trapezius: this is a large superficial muscle at the back of the neck and the upper
part of the thorax, originating from the base of the skull and inserting on the posterior
part of the clavicle and on the spine of the scapula (Gross et al., 2009). It acts to
support the shoulders and limbs and allows for rotation of the scapula (Mirka, 1991),
which occurs during harvesting subtasks such as clipping, carrying, climbing and
even emptying. The muscle was located by asking the participants to abduct the
shoulders to 90 degrees so that the muscle fibres that allow for shoulder elevation
would become visible at the top of the shoulder girdle (Mirka, 1991). Both the left and
right sides were assessed as there would be discrepancies between both sides since
different hands perform different tasks at the same point in time. The skin surface
was cleaned using an alcohol swab on the left and right sides to enhance the EMG
signal transmission due to cream or dirt on skin surface. The EMG electrodes were
then placed parallel to the direction in which the upper trapezius muscle fibres run to
obtain the strongest electrical signals (Gross et al., 2009). After electrodes had been
placed and connected to the DatalLogger unit, the MVC for the trapezius was
performed by applying a downward force on the participant’s shoulders while the
participant counteracted the force by attempting to elevate the shoulders (Gross et
al., 2009). This was performed three times and the contraction was held for five

seconds every time (Gross et al., 2009).

Erector Spinae: this is a superficial muscle of the back, essential for trunk

stabilization (Gross et al., 2009) and useful during any gross or fine motor activity,
such as ladder climbing, clipping citrus fruits and emptying citrus fruits into the
collection container. This muscle group was located by palpating lateral to the
spinous process at the L4 level of the spine, on both left and right sides of the back
to account for any discrepancies. Again, this area was cleaned with alcohol swabs to

improve the electrical signal. EMG electrodes were then placed on both sides of the
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spinous processes as seen in Figure 10. An MVC for this muscle was obtained, as
according to Gross et al. (2009), by requesting the participant to lie prone on a mat
with both arms placed on either side, as she/he attempted to raise the sternum off
the mat, while the researcher applied a downward force at the level of the shoulders
and an assistant stabilized the participant’s pelvis and legs to reduce the effect of the
hamstrings in this motion (Gross et al., 2009). Again, this was repeated three times

and each exertion was maintained for five seconds.

Anterior deltoid: the deltoid muscle surrounds the rounded contour of the shoulder

and is divided into an anterior, middle and posterior section. These muscles originate
from the anterior border of the clavicle, acromion process and scapula respectively
and all insert on the deltoid tuberosity which is located on the lateral aspect of the
humerus (Gross et al., 2009). This muscle assists with movements such as:
abduction of the shoulder, internal rotation of shoulder and flexion of shoulder in the
sagittal plane. These motions are essential when performing the citrus harvesting
subtasks such as climbing up the ladder, emptying fruit and reaching for and clipping
fruit. This muscle was located by asking the participant to abduct their dominant arm
along the frontal plane and at 90° abduction perform horizontal adduction against a
slight resistance (Gross et al., 2009). Once the anterior deltoid was located, the skin
on the surrounding area was cleaned to reduce any interference in EMG signal, and
electrodes where placed halfway between the origin and insertion, and parallel to the
direction of the muscle to obtain the strongest signals. MVCs were then performed
three times. Participants were required to abduct their elbows to 90 degrees and
then resist horizontal abduction at the level of the shoulder. Participants held this

contraction for five seconds on all three attempts.

4.2.6.2 RPE Scale

The RPE scale ranges from 6-20 with verbal anchor attached to the numerical
values; a rating of 6 being “nothing at all”, i.e. no exertion and 20 being “very very
hard (maximal)” effort. An RPE scale (Appendix D) was presented to the participants
three times during a testing session, i.e. once at the end of every harvesting cycle.
The participants were required to rate their perceived level of musculoskeletal strain
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of the lower back and left and right shoulders. The information obtained was then

manually recorded for each participant on a data sheet (Appendix F).

4.2.7 Participant Sample

The sample population for this phase of the project included 36 moderately trained
male and female participants, aged between 19-30 years. Rhodes University
students were selected instead of work-hardened citrus harvesters as participants
from this group were readily available for testing. The citrus workers are migrant
workers and as thus would not have been available for the entire duration of
laboratory data collection phase. In addition, the students were English-speaking and
better educated than the citrus workers and would have coped better with the
detailed instructions, the personally invasive EMG set-up, as well as the conditions
of the laboratory environment in which the first phase of the project was tested.
12 participants each were allocated to each of the three worker population groups.
None had a record of any musculoskeletal disorders to ensure they were healthy and
physically capable to perform the laboratory simulation protocol. It was essential that
participants were moderately trained, i.e. they engaged in any form of strength or
resistance training 2-4 times per week (Alkner et al., 2000) to ensure that the
participants were strong enough, capable of carrying the specified amount of load,
and had little or no risk of injury while performing the subtasks (Boutcher, 2011). The
chances of this happening were less with well-trained participants than with
sedentary participants. Participants were also free of any recent (within one year)
musculoskeletal injuries to make sure they were able to perform the prescribed
subtasks. There were no restrictions on participants’ statures or body masses as
these were not of particular interest in citrus harvesting. However, these
demographics were collected for each participant to inform the methodology
protocol. Since citrus harvesting in general is performed by both male and female
workers in the field, the laboratory study also included both sexes as opposed to
isolating one sex. However, it was observed during the task analysis that only males
harvested fruit using the tall ladders and only females harvested fruit as ground
workers and step ladder workers. The same was performed in this study and all male

participants were automatically assigned to the tall ladder workers while the females
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were randomly assigned to either the ground or the step ladder worker group.
Worker ages in the field ranged from 18 years to late 50’s. However, the age of
participants in this phase of the study was restricted to 19-25 years in order to
ensure that any differences in responses were due to the effects of the different bag
designs, rather than of age. Any participants with a fear of heights (for tall ladder and
stepladder workers simulation) were excluded from this study as this fear/anxiety
would interfere with performance and eventually the results obtained, even with

proper habituation to the task requirements.

4.2.8 Experimental procedure
4.2.8.1 Introductory session

After ethical consent was obtained from the Department of Human Kinetics and
Ergonomics Ethics Committee at Rhodes University, participants were recruited
verbally, and, at a later stage, required to come to the laboratory in the above-
mentioned department for an introductory session. Volunteers were assigned to one
of the different worker groups, namely ground worker group (females only),
stepladder worker group (females only) and tall ladder worker group (males only).
During this introductory session, 1) participants were welcomed, informed of the
proper clothing to wear while performing the conditions (this included closed training
shoes and preferably gym wear), and given an information letter (Appendix B), 2) the
researchers’ expectations of the participants were outlined, as well as any risks,
benefits and issues pertaining to privacy, anonymity and confidentiality, 3) the task
requirements and procedures were explained verbally (as in the information letter),
as well as the 4) maximum voluntary contractions (MVCs) for the three different
muscle groups. Thereafter, 5) a consent form was signed by each participant
(Appendix C) and 6) basic demographic data were collected. These data included,
age, sex, mass, stature and arm length. Finally, 7) participants underwent the

habituation process.
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4.2.8.2. Habituation process

Habituation to the different subtasks, depending on the worker group allocated to, to
the three different bag designs and to all materials and equipment used, were
performed during the introductory phase/session. This habituation process was
essential to ensure that the differences in responses obtained would be solely as a
result of the bag design and no other interfering variables. This was done by allowing
all participants to wear the different harvesting bag designs with added load, while
performing the various subtasks according to the worker group they had been
assigned to. EMG electrode use was demonstrated and MVC protocols were
rehearsed. The researcher ensured that all participants were fully habituated, and
was content with level of habituation when participants showed full understanding of
the testing protocol as well as the overall aim of the study, and were comfortable
executing the harvesting task at a smooth and continuous pace, i.e. no “stop-start-
motions”. More habituation sessions on consecutive days were held to ensure that
any residual anxiety experienced with using the equipment, especially climbing the
tall ladder, was almost completely eliminated. These habituation sessions were
essential to ensure that the responses obtained were as a result of the independent

variable and not the results of learning effects.

Following these habituation sessions, participants were further required to come into
the laboratory on three separate days. On each day, one condition was performed;
hence each participant performed a total of three conditions over the three testing
sessions. The ground worker group performed conditions 1-3, while the stepladder
worker group performed conditions 4-6, and the tall ladder worker group conditions

7-9, the order of which depended on the randomization order.

4.2.8.3 Testing protocol for each worker group

The following procedures were performed on each testing day for all participants,

regardless of the worker group they had been assigned to:

On arrival at the laboratory, trapezius, anterior deltoid and erector spinae muscles
were located, cleaned and surface electrodes were placed on these muscles,
following the standard electrode placement protocol developed by Gross et al.

(2009). MVCs for each muscle were performed as explained previously and
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rehearsed during the habituation phase. The participant was then required to
perform either conditions 1-3, if allocated to the ground worker group, or 4-6
(stepladder worker group), or 7-9 (tall ladder worker group) and according to the
randomization order (see randomization order per participant in Appendix E).
Participants performed three cycles of each condition. Muscle activity was measured
throughout all three harvesting cycles and local RPE of the lower back and shoulders
were assessed at the end of each cycle. For shoulder RPE, it must be noted that
while using the hip belt and standard bag designs, all participants reported the
highest RPE data which was for the right shoulder (this was the shoulder in which
the strap was placed on). The researcher also performed a time study during the
testing protocol to assist later on during the data reduction and analysis. One
harvesting cycle lasted for 13-17 minutes depending on the condition, and each
condition took approximately 45 minutes, The full test session, including set up and

MVCs, lasted approximately one hour.

The participant’s performance speed throughout the entire procedure was self-
paced. Since fatigue was not being assessed in this study, controlling the pace was
of no interest to the researcher. However, to prevent rushing which may have led to
uncontrolled actions and potentially injury (although such interference should not be
necessary with proper habituation), the researcher guided the participants to perform
subtasks in a smooth and continuous manner. Also, a detailed time study was
performed to assess how long each participant took per subtask, per cycle and per
session, in case pacing issues arose later on in the study. Once a condition had
been completed, the researcher and research assistants removed all equipment
from the participant. Participants took 2-4 days for rest (muscle recovery) before their

next testing session.

4.2.9 Data reduction and statistical analyses

All experimental EMG data from the Biometrics DataLOG, as well as the perceptual
data from the RPE scale were obtained and first reduced using the HKE Data
Reduction Tool, an in-house developed software program which assists with the
reduction of raw data. These data were then entered into the Statistica Statsoft Inc.

software 2014. Descriptive statistics including means and standard deviations for all
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dependent variables were obtained. One-factorial Analyses of Variance (ANOVA)
with repeated measures were then used for each worker group to identify statistically
significant changes in muscle activity, and ratings of perceived exertion between all
three bag design). Significant differences were considered at a 0.05 level
(p-value<0.05) with confidence intervals of 95% and Tukey post-hoc analyses were
conducted where necessary to identify between which conditions the significant

differences lay.

It must be pointed out that during the data collection, although all participants were
right handed and found it most natural to have the strap of the standard and the hip
belt bag design sitting on the right shoulder and hence, the bag itself, resting on the
left side of the body (hon-dominant side), two of the participants found it most natural
for the strap to hang on the left shoulder and the bag itself on the right side of the
body. To normalize the data during the data analysis, EMG data for these were
adjusted accordingly to fit the rest of the group by switching EMG results of the left
for the right and vice versa).

4.3. Results

This results section shows basic demographic data, EMG and RPE results using
descriptive statistics in tables and parametric statistics in graphical format for the
different worker groups. All p-values not mentioned in this section can be found in

statistical tables in Appendix G.
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4.3.1 Demographic data

Table IlI: Descriptive stats for participant demographics (means + standard

deviations; CV=coefficient of variation presented as a percentage).

Ground Stepladder Tall Ladder All Workers
Workers Workers Workers (n=36)
(n=12) (n=12) (n=12)
12 Males;
Sex Females Females Males
24 Females
21.58 + 2.15 20.97 £ 1.17 2517 +£3.11 23.88+4.73
Age (years)
CV=9.96% CV=5.61% CVv=12.30% CV=19.00%
60.50 £ 1.57 65+ 1.97 72.11 £2.85 69.47 £ 4.11
Mass (kQ)
CV=2.51% CV=3.43% CV=4.00% CV=5.93%
1528.3+ 31.11 1670 £ 34.42 1757.8£42.71 1693.0 +47.35
Stature(mm)
CV=2.03% CV=2.06% CV=2.43% CV=2.80%

4.3.2 Electromyography (EMG)

The EMG results for the different muscles are presented according to each individual

worker group. This structure was selected as the study focuses on comparing

muscle activity for the different bag designs and not a comparison of the different

worker groups, since the tasks each worker group performed differed. In addition to

this, muscle activity for the overall harvesting task (i.e. all three cycles together) is

presented below. Although not presented in this section, analyses of each individual

cycle, as well as each individual subtask were considered, as the focus of this study

was to compare which bag design is best for the overall harvesting task and not for

each individual cycle or subtask.

The tables below show descriptive EMG statistics for the different worker groups and

different muscle groups.
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4.3.2.1 Ground workers

Table IV: Descriptive statistics (means + standard deviation; CV=coefficient of
variation presented in %) comparing left and right sides muscle groups (where
LT= left trapezius, RT= right trapezius, LAD= left anterior deltoid, RAD= right anterior

deltoid, LES=left erector spinae and RES= right erector spinae).

LT RT LAD RAD LES RES
Standard | 32.67+9.07 | 32.85+17.37 | 28.61+10.94 | 32.42+7.70 | 15.06+6.84 | 26.11+5.63
= 0,
bag CV=27.76% | ~\=52.870% | CV=38.23% | CV=23.75% | CV=45.41% | CV=21.56%
Hip belt | 28.11#8.91 | 26.29+8.91 | 20.03+8.81 | 36.36x17.75 | 4.83x4.37 | 24.20+5.09
bag CV=33.90% | CV=33.90% | CV=43.99% | CV=48.81% | CV=90.12% | CV=21.00%
Backpack | 22.84+10.77 | 21.1448.99 | 25.21+17.07 | 31.8249.59 | 2.41+11.87 | 21.30+7.48
bag CV=47.15% | CV=42.52 | CV=67.71% | CV=30.01% | CV=492.53% | CV=35.11%

* Shaded cells indicate bag designs that differ significantly from one another (p<0.05).

The table above shows that the backpack design required the least muscle activity
(with exception of the left anterior deltoid) and the standard bag required the most
(except for the right anterior deltoid). When using the backpack design, for both
sides of each muscle group there was less muscle activity compared to when using
the standard bag and the hip belt bag. The left trapezius showed a significant
differences in muscle activity between the standard bag and the backpack design
(p=0.010) and the left anterior deltoid also showed significant difference between the
standard bag and the hip belt bag designs (p=0.017)

Asymmetry ratio

Even though no biomechanical variables were measured per se, the ratio of left to

right muscle activation was used to make inferences about postural

symmetry/asymmetry. It was hypothesized that asymmetry would be reduced when
using the hip belt and backpack bag designs. Figure 11 shows the asymmetry ratio
(right side: left side) for the different muscles amongst the ground workers. A ratio of

> 1, indicates that there was more muscle activity on the right side of the body than
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the left, a ratio of < 1, indicates more muscle activity on the left than right, while a

ratio of =1 indicates symmetry/equal muscle activity on both sides of the body.
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Figure 11: Ground workers asymmetry ratio (right: left sides) for the different muscle

groups and the different bag designs.

Figure 11 shows that when using the standard and backpack bag designs, there was
greater symmetry in activation between right and left sides of all three muscles (i.e.
the asymmetry ratio was closer to 1), compared to when using the hip belt design,
which showed the greatest degree of asymmetry. There was a significant difference
between the hip belt and backpack for the anterior deltoid (p=0.01316). Also evident
is that the variability of the backpack design was considerably less than that of the
standard bag and the hip belt designs. For the trapezius asymmetry was similar
when participant used all three bags. However, there was a significant difference for
the anterior deltoid when using the hip belt bag compared to the other two bag

designs.

48



4.3.2.2 Stepladder workers

Table V: Descriptive statistics comparing left and right sides muscle groups (means *

standard deviation; CV=coefficient of variation (%).

LT RT LAD RAD LES RES
Standard | 27.34+8.24 | 31.50+14.56 | 29.46+11.16 | 37.70+10.65 | 19.90+8.08 | 26.11+14.19
bag CV=30.1% | CV=46.22% | CV=37.89% | CV=28.25% | CV=40.60% | CV=54.35%
Hip belt | 18.79+5.74 | 24.94+7.63 | 30.87+7.99 | 39.68+10,34 | 16.166.75 | 18.10+10.87
bag CV=30.54% | CV=30.60% | CV=25.88% | CV=26.05% | CV=41.76% | CV=60.06%
Backpack | 20.38+9.52 | 21.75+11.62 | 33.59+8.63 | 25.14+14.83 | 11.19+5.73 | 4.30£4.42
bag CV=46.17% | CV=53.43% | CV=25.70% | CV=58.99% | CV=51.02% | CV=102.80%

* Shaded cells indicate significant differences between conditions (p<0.05).

In the table above, the general trend observed, according to the means is that there
was more muscle activity required to utilize the standard bag (with exception of the
LAD and RAD). Except for the left trapezius and the left anterior deltoid, the
backpack design required the least muscle activity. This was expected as this bag
design has been proven to redistribute load more evenly across the body, and
hence, reduce muscular activity (Motmans et al., 2007). Significant differences in
muscle activity were observed in the left trapezius between standard and hip belt
(p=0.0083) and standard and backpack (p=0.0332) bag designs. For the right
trapezius, a significant difference existed for the standard and backpack bags
(p=0.016) for the right anterior deltoid, a significant difference between hip belt and
backpack (p=0.0218), and for the left and right erector spinae, significant differences
existed between the standard and backpack designs (p=0.0068 and 0.0559

respectively).
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Figure 12: Stepladder workers asymmetry ratio for the different muscle groups and
the different bag designs.

Figure 12 shows that, irrespective of the bag designs, there was more activity in the
right muscles, as all (except for erector spinae for the hip belt) asymmetry ratios are
greater than 1. However, for the different muscles, there was no significant difference

between the bag designs.
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4.3.2.3 Tall ladder worker

Table VI: Descriptive statistics comparing left and right sides muscle groups (means

+ standard deviation; CV=coefficient of variation (%)

LT RT LAD RAD LES RES
Standard | 24.60+18.45 | 27.03+18.37 | 28.52+8.01 | 32.77+13.45 | 17.94+4.77 | 20.12+15.02
bag CV=75% CV=67.96% | CV=28.08% | CV=41.04% | CV=26.60% | CV=74.65%
Hip belt 21.93+8.15 | 24.30+£10.81 | 39.95£15.39 | 42.76£24.17 | 17.46+4.26 | 20.42+5.75
bag CV=37.16% | CV=44.48% | CV=38.52% | CV=56.52% | CV=24.39% | CV=28.16%
Backpack | 20.60+12.27 | 25.72+11.24 | 30.98+10.71 | 22.9149.63 | 12.96+5.35 | 13.36%5.02
bag CV=59.56% | CV=45.47% | CV=34.57% | CV=42.03% | CV=41.28% | CV=37.57%

* Shaded cells indicate significant differences between conditions (p<0.05).

The general trend observed from the participants in the tall ladder group was, with

exception of the left anterior deltoid and right trapezius, that the backpack design

required the least muscle activity. For the left anterior deltoid and right trapezius, the

standard bag and the hip belt designs respectively, required the least muscle

activation. The following significant differences were observed: 1) left anterior deltoid,

significant difference between the standard and hip belt bags (p=0.0292), 2) right

anterior deltoid, between hip belt and backpack designs (p=0.0155), and 3) left

erector spinae, significance between standard bag and backpack (p=0.02207) and
between hip belt and backpack (p=0.0401).
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Figure 13: Tall ladder workers asymmetry ratio for the different muscle groups and

the different bag designs.

Regardless of the bag used, the muscles on the right side of the body were more
activated than those on the left, the one exception being the hip belt bag design,
which resulted in the left erector spinae being more activated than the right (with a
ratio of< 1). In comparing the bag designs, no significant difference was found. The
graph above shows that the standard bag, for all muscle groups, had the highest
asymmetry ratios compared to the hip belt and backpack designs.
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4.3.3 Ratings of Perceived Exertion (RPE)

The RPE results are presented below for each worker group in form of descriptive
stats in tables and Statistica graphs. The focus here was to compare RPE responses
for the different bag designs within each worker group.

The general trend observed here was that for all worker groups, the overall
harvesting session and for both shoulder and lower back RPE, when using the
standard bag design, the highest levels of perceived exertion were obtained
compared to the other two bag design. These results were significant. This is
expected as it is hypothesized in the current study that the backpack and hip belt
bag design are better than the standard harvesting bag design to reduce asymmetry

and therefore, musculoskeletal strain measured through RPE responses.

Although not presented in this section due to the researcher’s intention to only
compare RPE for the overall harvesting/test session (comprising of 3 cycles), RPE
results for each individual cycle and for the different bag designs were considered for
analysis. The general trend observed here was that RPE was highest in cycle one

and decreased through to cycle 3. These findings are later discussed in section 4.4.
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4.3.3.1 RPE

4.3.3.1.1 Ground worker

Table VII: Descriptive statistics (means + standard deviation; CV=coefficient of

variation (%)

Standard bag

Hip belt bag

Backpack bag

15.11 + 2.08
CV=13%

Shoulder RPE

10.3 + 2.22
CV=22%

9.97 £1.91
CV=19%

10.72 £ 2.25
CV=20.99%

Lower Back RPE

8.06 +1.78
CVv=22.08%

7.94 +1.02
CV=12.85%
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(Brackets with asterisk (*) indicate significant difference at p< 0.05).

Figure 14: Mean shoulder RPE responses to different bag designs for the ground

workers.
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The above figure and table represent shoulder RPE response when using the
different bag designs. Collectively, all ground workers perceived the highest exertion
when utilizing the standard bag and the least exertion when using the hip belt and
backpack bags. Significant differences exist between the standard bag and the hip
belt bag and standard bag and the backpack bag (p= 0.000136 for both).
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13 I I
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11}

Lower back RPE
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Brackets with asterisk (*) indicate significant difference at p< 0.05).

Figure 15: Mean lower back RPE response to different bag designs.

When workers in this worker group made use of the standard bag design, they
experienced the highest effort in the lower back compared to when they used the
other two bag designs. Significant differences exists between the standard bag and
hip belt bag (p=0.001382) and also between the standard bag and the backpack bag
(p=0.00670).
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4.3.3.1.2 Step ladder worker

Table VIII: Descriptive statistics (means * standard deviation; CV=coefficient of

variation (%)

Standard bag Hip belt bag Backpack bag
14.86 £ 0.64 11.44 + 1.27 11.19 + 1.56
Shoulder RPE
CV=4.30% CVv=11.10% CV=13.94%
11.61 + 1.35 8.78 £ 1.42 8.28 +1.78
Lower back RPE
CV=11.62% CV=16.17% CV=21.49%
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(Brackets with asterisk (*) indicate significant difference at p< 0.05).

Figure 16: Mean shoulder RPE response to different bag designs for the stepladder

workers.

The above table and figure show that significantly greater RPE responses were
recorded for the standard bag than for the hip belt and backpack bag designs. This is
similar to the results for the ground workers. These significant differences were
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between standard bag and hip belt bag (p=0.000136) and standard bag and
backpack (p=0.000136).
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Brackets with asterisk (*) indicate significant difference at p< 0.05).
Figure 17: Mean lower back RPE response to different bag designs.

Again the standard bag required the highest perceived exertion and the backpack
required the least. Significant differences exists between the standard bag and hip
belt bag (p=0.00018) and also between the standard bag and the backpack bag
(p=0.000142).
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4.3.3.1.3 Tall ladder worker

Table IX: Descriptive stats means * standard deviation; CV=coefficient of variation

(%)
Standard bag Hip belt bag Backpack bag
14.67 = 1.57 11.31 + 2.33 11.19 £ 2.04
Shoulder RPE
CV=10.70% CV=20.60% CV=18.23%
11.08 + 2.56 9.89 £ 2.76 8.19+£1.78
Lower back RPE
CV=23.10% CV=27.90% CV=21.73%
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Figure 18: Mean shoulder RPE response to different bag designs for the tall ladder

workers.
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A similar trend is observed here for the tall ladder worker group, where the standard
bag elicited the highest RPE response and the hip belt and backpack, elicited the
least. Significant differences in shoulder RPE for the tall ladder workers were found
between standard bag and the hip belt bag (p= 0.0001) and the standard bag and
the backpack bag (p=0.0001) only.
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Brackets with asterisk (*) indicate significant difference at p< 0.05).
Figure 19: Mean lower back RPE response to different bag designs.

The standard bag required the highest perceived exertion and the backpack required
the least. The hip belt bag unexpectedly, elicited high RPE responses for this worker
group. Significant differences exists between the standard bag the backpack bag
(p=0.000370) and between the hip belt and the backpack (p=0.0270).
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4.4 Discussion

4.4.1 EMG

The general trend observed from the participants’ responses is that mean muscle
activity was less when using the backpack bag design compared to using the other
two bag designs; the standard bag generally elicited the highest muscle activity.
These results support various load carriage studies such as those by Murray & Miller
(1985 &1989), Motmans et al. (2007), Corrigan & Xian Liu (2012) and Bao et al.
(2013), who all found that the use of a backpack bag design in load carriage
decreases muscle activity and muscular strain; since the load is now evenly
distributed across the body (i.e. symmetrical). As hypothesized in the current study
asymmetry was reduced with the use of the backpack bag design for the citrus

harvesting task evident with the reduced muscle activity observed.

Descriptive stats in the previous section provide information for the left and right
sides of the three muscle groups tested. In order to assess symmetry/asymmetry, it
was essential to compare activity in the left and right sides of each muscle. Where
muscle activity was similar in the left and right sides of the muscle, this indicated
symmetry; but where muscle activity differed between sides, showed asymmetry. It
was hypothesized that the greatest asymmetry for the selected muscle groups would
occur when the participants were utilizing the standard bag design. The asymmetry
ratio differed slightly for the different worker groups (since they performed slightly
different harvesting tasks). However, asymmetry ratio when using the different bags
and considering all participants were right handed showed that the right side
(dominant side) was generally more activated than the left side (non-dominant). For
example, the trapezius and anterior deltoid and the results show asymmetry. This
was expected as the left and right trapezius performed different tasks e.g., during
clipping the fruit, the right arm (trapezius) remained constantly elevated, while the left
trapezius was collecting the harvested fruit. However, it must also be considered that
because the single strap of the standard bag was placed on the right side of the
body, certain tasks such as clipping, carrying a full load of fruit or carrying the ladder
would increase the effort/muscle activation on the right side of the body. For this
reason the other two bag designs were made to redistribute the load to the hips (hip

belt bag) as well as the hips and both left and right shoulders (backpack design) and
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hence, reduce effort on the right side of the muscles. Asymmetry in the erector
spinae was expected when using the standard bag due to the position of the load
causing the spine to tilt towards the direction of the load. In a similar manner, the
addition of the hip belt to this design as well as the backpack design was expected to
produce more symmetry as the load would be now evenly distributed between the

left and right sides of the body.

Motmans et al. (2007) found that for a unilateral means of load carriage similar to the
one used in the current study, using a reference of 100%, EMG activity levels
(%MVC) on the right side of the body, specifically the erector spinae and rectus
abdominis (RA) were highest (206% / 209% right ES/RA and 203% / 201% left
ES/RA) while carrying a single strap shoulder bag. They then concluded from their
findings that asymmetry in muscle activity may indicate a failure of trunk stabilization
and contribute to the development back pain and for this reason; shoulder bags must
be avoided (Motmans et al., 2007).

In the ground worker group, the asymmetry ratio for the backpack design for all
muscle groups was between 0.9 and 1. This indicates high symmetry and supports
research by Murray & Miller (1985 &1989), Motmans et al. (2007), Corrigan & Xian
Liu (2012) and Bao et al. (2013), which suggests improved symmetry with the back
pack design. However, Figure 11 showed unexpected results in this worker group, as
the hip belt bag design elicited a greater asymmetry for the anterior deltoid in
comparison to while using the standard bag (p= 0.001). This result obtained for the
ground workers contradicts load carriage research by Earle-Richardson et al. from
2004, where the addition of the hip belt feature to a unilateral strap bag, was seen to
displace/redistribute load more evenly across the body (specifically between the
shoulder and the hip), as 71.4% of apple harvesters noted a reduction in back, neck
and shoulder pain. This contradiction of the current study may be due to the large

variation observed.

Amongst the stepladder workers, the least asymmetry for the anterior deltoid and the
erector spinae was observed while using backpack design. There appeared to be
more muscle activation in the right than left trapezius. This was expected since all
participants were right handed and performed the clipping task with the right hand.
This means that throughout the clipping task, the right shoulder was constantly
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elevated. As a result of the load distribution, as well as reduction of pressure on the
shoulders from the single strap of the standard bag, the hip belt and backpack
designs produced smaller asymmetry. This supports prior studies such as Earle-
Richardson et al, (2004; 2006) and supports the alternative hypothesis of the current
study.

As expected symmetry was highest in the different muscle when the tall ladder
workers utilized the backpack (asymmetry ratio ranging from 1.1-1.2), this indicates
that the right side was more activated than the left when using this bag design. No

further interesting results were observed in this worker group.

4.4.2 RPE

The perceived exertion ratings recorded for the shoulders and lower back suggest
that participants experienced significantly higher exertion when the standard

harvesting bag design was used compared to the other two bag designs.

These results support Earle-Richardson et al. (2000 & 2004) who found that by using
the hip belt bag design to harvest apples, the workers complained less of any
musculoskeletal pain than when using a unilateral shoulder bag. This same study by
Earle-Richardson et al. (2004) did however not compare their findings to a backpack
design which elicited the lowest RPE ratings in the current study. This is the general
trend across all the worker groups and for the selected body areas. The results
obtained from the current results also concur with various load carriage research by
Murray & Miller (1985 &1989), Motmans et al. (2006), Corrigan & Xian Liu (2012)
and Bao et al. (2013), whose research suggested that a backpack bag design is
more effective in eliminating asymmetry by distributing load across the body and
hence, reduce muscular strain. It must be noted that the above studies were
performed in a laboratory setting and utilized only objective measures such as EMG
and gait analyses. However, it is safe to infer from their findings that if muscle activity
and muscular strain was reduced, then subjective ratings of perceived exertion may

also be reduced.

With regards to the different worker groups, it was expected that the ground workers

would have the higher shoulder RPE scores than the other two worker group, when
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using the standard bag design, since they were required to work over head. The
mechanical pressure acting on the right shoulder (the shoulder in which the single
strap was placed) is aggravated further when this worker group work in an overhead
posture (Motmans et al., 2007; Corrigan & Xian Liu, 2012). However, this was not the
case as all the worker groups provided similar mean shoulder RPE scores when
using the standard bag. This could be as a result of subjective feedback, from the
participants in the other two workers groups being biased, since they understood that
this bag design should elicit the highest exertions.

It must be noted that the researcher assessed the overall harvesting task as
opposed to individual harvesting cycles in order to simulate field work. However, it
was anticipated that fatigue and hence, RPE responses would increase through the
harvesting cycles; but, this was not the case. Instead, participants became more
accustomed to the harvesting task across the cycles and hence perceived less
exertion from cycle 1-3. This could be due to the controlled laboratory environment
where there was no environmental factor which field workers are exposed to, such
as heat. Another reason for a reduction in perceived exertion through the cycles; the
few number of harvesting cycles performed as well as the short duration of
harvesting. It is expected that with more harvesting cycles performed perceived

exertion would increase.

The RPE (subjective) and EMG (objective) responses for the shoulder/trapezius and
lower back/erector spinae was observed and support each other. EMG results for the
trapezius for all worker groups (except the step ladder worker group) reported the
standard bag to require the most activation and the backpack, the least. This was
also the case for the shoulder RPE responses. Similarly, the erector spinae (EMG)

and lower back (RPE) support each other.

4.5 Conclusion, Limitations and Recommendations

The EMG and RPE results obtained from this phase of the study, support that the
backpack bag is the best design to reduce muscular effort and asymmetry and the
standard bag is the worst. This is evident as the workers perceived less exertion and
had the lowest muscle activity when they made use of the backpack design while the
opposite occurred when they used the standard bag. In conclusion, on the basis of
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the laboratory results, the null hypothesis is rejected and the alternative hypothesis

accepted.

However, this study did have the following limitations that could have influenced the
above results. Due to practical reasons no biomechanical responses were measured
in the current study. For a holistic approach, biomechanical measures in addition to
physiological and perceptual measures should be utilized in future studies. In
addition, only three harvesting cycles were performed in this study. To reduce
variability between cycles and to make the protocol more similar to what is
performed in the field, more cycles should be performed. This will not only reduce
variability but will also be a more accurate simulation to real citrus harvesting in

which 50-80 cycles are performed throughout the course of the work day.

No cardiovascular variables were assessed in this study only bio-physiological
(EMG) and perceptual (RPE) and should therefore be considered for future studies.
Finally, participants were aware of the negative effects of the standard bag. For this
reason, it is likely that a natural bias (reflected in the subjective feedback) to this bag

was formed.
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CHAPTER 5: FIELD STUDY

5.1. Introduction

The purpose of the second phase of this study was to introduce the new harvesting
bag designs, developed at the beginning of the project, into the field and again
compare these new designs to the standard bag design, but this time by measuring
the workers’ performance and subjective responses. It is highlighted in literature that
there is a need for researchers to convey their findings from the laboratory into the
field (Bao & Shahnavaz, 1989). However, important as this is, it must be mentioned
that various factors obstruct/influence a smooth acceptance of laboratory findings
(ergonomic interventions) into the field. Factors include workers’ attitudes and
behaviour to change and also limited or no incentive or gains from adopting the new
intervention (Bao & Shahnavaz, 1989). This field component was an essential
element of the greater project to assess whether the citrus workers and/or the
company would benefit from the scientific findings obtained during the laboratory
phase of this project. Variables such as RPE, total number of bags harvested per
day, and worker acceptance/willingness were measured in this phase of the study to
assess workers’ perceived exertion, productivity and perceived usefulness and ease

of use to the new bag designs in comparison to the standard bag design.

5.2 Methodology

The purpose of this field study was to compare, in a field setting, the workers’
acceptance (usefulness and ease of use) and productivity between the standard
harvesting bags and the two newly designed bags amongst the different citrus
worker groups (ground, stepladder and tall ladder workers).

5.2.1 Experimental design

A partially repeated measures design was adopted for this phase of the project, as
workers in the field are assigned to one worker group (i.e. ground worker, stepladder
worker or tall ladder worker) and only always harvest fruits according to that specific

group they belong to. A complete repeated measures design was therefore
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impossible for this phase. All workers from each population group were exposed to
each of the bag designs with at least one to two full hours of habituation to the bag

designs.

5.2.2 Statistical Hypotheses

The null hypothesis stated that the perceptual and productivity results of the
standard harvesting bag design would be no different to those produced by the new
bag designs when tested amongst the different worker groups in the field. The

alternative hypothesis stated that there would be a significant difference.

Ho: MsB= [AHB=|BP
Ha: [se# AHB1#|LBP
Where:
= Perceptual responses (RPE), productivity, (number of bags harvested/day)

and workers’ perceived usefulness and ease of use ratings
SB= standard bag design

HB-hip belt bag design

BP= backpack bag design

5.2.3 Independent variables

The independent variables selected were; 1) bag design and 2) worker groups.
Descriptions and illustrations of all independent variables can be found in Chapter 4,

section 4.2.4.
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5.2.4 Dependent variables
5.2.4.1 Local Ratings of Perceived Exertion (RPE)

Local RPE (of the shoulders and lower back) were used for this phase of the study to
provide subjective indications of how much muscular effort in the shoulders and
lower back participants perceived while performing the harvesting subtasks, using
the different bag designs and according to the different worker groups. A standard
Xhosa RPE scale (as seen in Appendix L) was utilized. It was essential, in this
phase, that the researcher and Xhosa translator read out the Xhosa RPE scale, as
the workers were mostly non-English speakers and had low literacy levels - a

problematic issue in most industrially developing countries (O’Neill, 2000 & 2005).

This Xhosa RPE scale was presented once every hour to the participants over the
duration they worked with a particular bag. The workers were then required to rate

their perceived exertions according to this scale.

5.2.4.2 Productivity

Productivity refers to the ratio of output to input, i.e. the ratio of what is achieved to
what was put in (Saari, 2006). In the context of this study, output was calculated as
the average number of bags harvested per hour. A high productivity rate indicates
that worker output is greater than input and vice versa. It was of interest in this phase
to investigate the productivity effects of one bag design over the others in order to

advise farm the farm workers, owners and/or managers accordingly.

5.2.4.3 Perceived Usefulness and Ease of Use (PUEU)

Perceived usefulness can be defined as the degree to which a worker (in this study a
citrus harvester) believes that using a particular system/equipment (in this case the
newly designed harvesting bag) will directly improve/enhance his/her job
performance (Davies, 1989; Abu-Dalbouh, 2013). Perceived ease of use, on the
other hand, is the degree to which a worker believes that a particular
system/equipment (citrus harvesting bags) will be easy to use or operate, while
improving the quality of their work (Davies, 1989; Abu-Dalbouh, 2013). It was
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important that general worker feedback be obtained for each bag design since the
bags were designed specifically for the harvesters’ use and any input (positive and/or
negative) obtained from the workers using these bags would hold more value than
that of laboratory participants.

The PUEU questionnaire, utilized by a few researchers such as Davies (1989) and
Abu-Dalbouh (2013), is a questionnaire used to assess workers’ perceptions of how
useful and easy to use equipment is; for the purpose of this study, the workers’
perceptions of how useful and easy to use they found each bag design. The PUEU
guestionnaire has been used and modified to fit the context of other studies including
medical studies (Abu-Dalbouh, 2013), computer technology studies (Davies, 1989)
and has been reported by the above authors to have high validity and reliability. Due
to the similarities in the questions asked in the original PUEU questionnaire, the low
literacy levels of the workers and translation issues (English — Xhosa), it was
essential to ask questions in a manner that would not confuse the workers, hence
only the two main concepts of the PUEU, namely “perceived usefulness” and
“perceived ease of use” of the bags, were chosen to be asked. Specifically, the
following two questions were selected to fit this specific agricultural context: 1) “how

useful did you find this bag design” and 2) “how easy to use was this bag design”.

These questions were considered sufficient to capture the citrus workers’ perceived
acceptance of the new bag designs in comparison to the standard bag design. Each
guestion was answered on a 5-point likert scale with options “extremely useful/easy

to use”, “slightly useful/easy to use”, "neutral”, “slightly un-useful/un-easy to use”,

and "extremely un-useful/un-easy to use” (see Appendix M).

5.2.5 Participant Sample

The participants recruited for the field phase of this project were citrus harvesters,
working at a citrus farm in the Eastern Cape of South Africa. There were no
restrictions on age, race, previous injury, and sex for participation. The workers fell
within an age range of 18 to 69 years, and both male and female harvesters were
included, as allocation of the workers to one of the three groups in the field (ground
worker, step ladder worker and tall ladder worker) was sex-related. Participants were

both experienced (having participated in harvesting tasks for at least one harvesting
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season or more) and non-experienced (the current harvesting season would be their

first one - refer to Table X).

The sample for this second phase of the study included 17 citrus harvesters. Ideally,
a total of 27 workers (9 workers per group) would have been required for complete
randomization of the test conditions (bag designs). However, only six ground workers
(five females and one male), two stepladder workers (one male, one female), and
nine tall ladder workers (all males) volunteered to participate in this phase of the
study. Furthermore, of the 17 workers who initially agreed to participate, eight
discontinued the study- some for unknown reasons while others reported that they
were not working quickly enough due to brief disruptions from participating in the
study. For this reason, a total of only 9 participants completed all three conditions of
the study. The resulting sample sizes for each of the worker groups were the result
of the relatively small number of workers available at the citrus farm where the field
phase of this project was conducted, and also due to the limited willingness of the
workers to participate in the study. Despite a detailed briefing on the purpose of the
project in Xhosa (the workers’ mother tongue), there was great reluctance,

particularly from the female workers, to participate.

The participants’ statures and masses ranged from 1540-1800mm and 53-90kgs
respectively (see Table X below for summary data). Although it would have been
ideal to have an equal number of sexes represented within/across the different
worker population groups, not all workers groups had both sexes represented (for

example, the tall ladder worker group, comprised of only males.
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Table X: Summary data for worker demographic group (means with standard

deviations; CV = coefficient of variation)

Ground Stepladder Tall Ladder All Workers
Workers Workers Workers (n=17)
(n=1) (n=1) (n=7)
Sex Female Male Males 1 Female;
8 Males
Age (years) 35.00+£0.0 18.00 + 0.00 32.86+14.87 31.88+11.73
ge ly CV= 0% CV= 0% CV= 45% CV=37%
Mass (kg) 75.00 £ 0.00 53 +0.00 67.86 £+ 10.41 67.00 + 6.67
9 CV= 0% CV= 0% CV=15% CV=10%
Stature(mm) 1570 + 0.00 1540 + 0.00 1707.1 +60.2 | 1673.3+82.9
CV= 0% CV= 0% CV=4% CV=5%

5.2.6. Experimental Procedure

After ethical clearance had been granted for this phase of the research project from
the Human Kinetics and Ergonomics Ethics Committee at Rhodes University, and
permission had been obtained from the manager of the citrus farm selected for this
phase of the study’s data collection (refer to Appendices J and K), participants were
approached in small groups by the researcher and a Xhosa speaking translator, to
explain verbally (and in writing for the literature workers — see Appendix H) as well as
through the use of demonstrations, the aim of the project, the new bag designs and
the reasoning behind the new designs. Great care was taken in answering workers’
guestions and concerns, which mainly related to the capacity of the bags and how
they would influence their harvesting routine, since the labourers were paid
according to the number of bags harvested. Workers interested in participating
signed a consent form (Appendix I) once the researcher and translator had verbally
explained the risks, benefits, and confidentiality issues associated with the project.
After this recruitment process, at least one to two hours of habituation per bag were
performed for most of the participants. Although a longer habituation to the bag
designs would have been ideal, due to time constraints, namely a 3 week harvesting
window, as well as worker reluctance to harvest longer than necessary with the new

bags, limited the time allocated to habituation. Participants were also familiarised
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with a Xhosa versions of the RPE scale and perceived usefulness and ease of use

guestions (Appendices L and M) during this habituation session.

After habituation had been performed, the actual data collection commenced.
Depending on their randomization order (refer to Appendix F), each participant made
use of one bag design for, ideally, the whole duration of one work shift. However, the
amount of time spent using the different bag designs varied for different participants
between 1-7 hours per day. This variation was largely as a result of 1) participants
insisting on discontinuing the use of a bag design, and 2) environmental conditions,
as harvesting sometimes started late into the morning since it could not take place
when too much dew had settled over night on the trees and fruit, as this would
tamper with the acidity content of the fruit and ultimately the fruit's quality. At the end
of every hour of harvesting, RPE data were collected, and the number of bags
harvested was recorded by referring to workers’ control sheets. These control sheets
indicated the quantity of bags harvested and were marked by the supervisor every
time they emptied a full bag into the collection bin.

At the end of the work day, the perceived usefulness and ease of use questions were
verbally presented to the workers by a Xhosa speaking translator. In addition, each
time, after a harvester had emptied a full bag into the trailer and before the next
cycle, dialogue between the translator and the worker was encouraged to obtain as

much qualitative feedback on the bag designs as possible.

5.2.7 Data reduction and Statistical analyses

Descriptive statistics including means, standard deviations and coefficients of
variation for all dependent variables (RPE, productivity and perceived usefulness
and ease of use) were obtained and captured in the Statistica software StatSoft Inc.
(2014). Analyses of Variance were conducted to determine any differences in
responses due to the bag designs for each worker group. Significant differences
were considered at a 95% confidence interval (p-value < 0.05) and Tukey post-hoc
analyses where conducted where necessary. Correlation analyses were also
performed to determine any interesting relationships between the dependent
variables and he different worker demographics.
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5.3 Results

Although data were collected for 17 participants, data for eight out of the 17
participants were incomplete, due to the participants refusing to use one or two of
the bag designs. Presented in this section are the data for the nine participants who

performed all three conditions.

The results for each dependent variable (local RPE, productivity, perceived
usefulness and ease of use) are presented below, for the three different bag designs.
First, combined workers responses are presented (due to small sample size),
followed by the responses of each individual worker group. Detailed statistical results

(p-values) can be found in Appendix P.

Correlation analysis between the dependent variables and worker demographics
were also performed. Of interest here was to investigate whether a positive
relationship between the dependent variables (e.g. RPE) and worker demographics
such as; age, sex and worker experience existed. This information would be
necessary to establish whether a certain bag design was more favourable for a

particular demographic. See Appendix G for all correlation p-value.

Table XI: Descriptive statistics for variable responses (means + standard deviations;

CV=coefficient of variation presented as a percentage).

o Perceived Perceived
Productivity RPE
usefulness ease of use
8.84+1.95 9.68+ 2.84 1.35+0.79 1.24 +0.75
Standard bag
CV=22.05% CV=29.34% CV=58.52% CV=60.48%
_ 9.90+2.11 7.98 +1.86 1.02 + 0.09 1.07 £0.38
Hip belt bag
CVv=21.31% CVv=23.31% CV=8.82% CV=35.51%
5.68 +1.28 11.01 £ 2.70 200+1.12 3.11 £1.17
Backpack bag
CV=22.54% CV=24.52% CV=56% CV=37.62%
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5.3.1 Local RPE
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Figure 20: Mean shoulder RPE for all worker groups using the three different bag

designs

When using the backpack bag design, the workers experienced the highest
perceived exertion (11.01 £ 2.70), and perceived the least exertion when using the
hip belt bag design (7.98 + 1.86). When using the standard bag design, a mean RPE
score of 9.68 (+ 2.84) was obtained. However, no significant differences exist for
RPE between the different bag designs (p=0.133).
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Figure 21: Mean RPE score (lower back) for each individual worker group when

using the different bag designs.

Figure 21 shows that again, when using the backpack design, all worker groups (the
ground, step ladder and tall ladder workers) experienced the highest RPE exertion
(11.67 £ 9.12, 7.00 + 8.0 and 10.67 £ 1.1 respectively). For all worker groups the
least exertion was experienced when using the hip belt bag design. The ground
workers perceived that the standard bag required the least exertion (6.97 +7.67)
while the backpack had the highest exertion (11.67 + 9.01). The step ladder workers
perceived the highest exertion when using the backpack bag (10.04 + 6.84) and the
least exertion when using the standard bag design (6.65 £ 7.34), while the tall ladder
workers perceived the highest exertion while using the standard and backpack bag
design. Again, no significant differences were observed within each of the worker
groups. Large variances exist for the ground worker and step ladder workers when

using all bag designs.

The bag designs were also compared to one another as a function of selected

worker demographics, such as sex, age and experience and although there were no
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significant differences, it was evident that there was a weak positive correlation
between RPE and the worker demographics (sex- 0.46, age- 0.67 and experience-
0.74), while using the standard bag design, and a weak negative correlation for the
other two bag designs; hip belt bag(r= -0.32, r=-0.45 and -0.55) backpack (r= -0.33,
r=-0.66 and r=- 0.32).

5.3.2 Productivity
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(Brackets with asterisk (*) indicate significant difference at p< 0.05).

Figure 22: Worker productivity for all worker groups combined when using the three

different bag designs.

Using the backpack design, the workers were significantly less productive (p= 0.003)
than when using the other two designs, with only 5.68 (+ 1.28) bags being harvested
per hour. Workers were most productive when they used the hip belt bag design
(mean number of bags harvested per hour: 9.90 + 2.11), followed by the standard

bag design (8.84 = 1.95 bags harvested per hour).
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Figure 23: Mean productivity for each individual worker group when using the
different bag designs

The figure above, shows that regardless of worker group, the workers were
consistently most productive when using the hip belt bag design and least productive
when using the back pack bag design. However, there was no significant difference
observed in the interaction effect between the bag design and worker group
(p=0.60).

Additional analyses with respect to worker demographics (age, sex and experience)
were performed and, although all were statistically insignificant, the following general
trends were observed: the female workers tended to be more productive than their
male counterparts when using all three bag designs, the older workers (35+) were
the most productive and the youngest worker age group (18-25) were the least
productive. This is expected as all of the workers in the 35+ age range were all
experienced and the younger ones were, for the most part, inexperienced. Lastly, all
experienced workers performed better than the less experienced workers as they
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had already performed one harvesting season prior to this. There was a strong and
negative correlation (r=-0.68, p= 0.91) between sex and productivity while using the
backpack bag design. In using the other two bag designs, a negative and weak
correlation existed. Between productivity and worker experience there was a strong
and negative correlation when using the standard bag (r=-0.69, p= 0.12) and the hip
belt bag designs (r= -0.77, p= 0.13); but for the backpack design, correlation
between productivity and experience, was weak and negative (r= -0.43, p= 0.42).
Lastly, for all three bag design’s, there was a weak but positive relationship between
productivity and age (r= 0.37-0.54 and p= 0.09). None of these correlations were

however significant.
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5.3.3 Perceived Usefulness and Ease of Use Questionnaire

5.3.3.1 Perceived Usefulness
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Brackets indicate significant difference at p< 0.05.

Figure 24: Mean rating of perceived usefulness of the bag designs for all worker
groups, (where 1=extremely useful, 2=slightly useful, 3= neutral 4=slightly un-useful

and 5=extremely un-useful)

Collectively, the workers perceived the backpack design to be the least useful design
with a large variability and a mean rating of 2.00 (= 1.20), whereas they considered
the hip belt bag design to be the most useful, with a mean rating of 1.02 (+ 0.09).
The standard bag design had a usefulness rating of 1.35 (x 0.79). The usefulness
rating of the backpack design was significantly higher (p= 0.023 and 0.013) (i.e. it
was the least useful) than that of the other two bag designs.
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Figure 25: Mean usefulness rating for each individual worker group using the
different bag designs (where 1=extremely useful, 2=slightly useful, 3= neutral

4=slightly un-useful and 5=extremely un-useful)

The results depicted in above show the mean usefulness ratings for each worker
group. All worker groups found the backpack design to be the least useful
(2.00 +4.00, 4.00 +£8.01 and 1.80 £ 3.23 for ground workers, step ladder workers and
tall ladder workers respectively) and the hip belt bag design the most useful
(1 £0.12, and 0.9 £ 0.02). Irrespective of worker group, the backpack design had the
greatest mean perceived usefulness rating compared to the other bag designs
(2.00 = 1.20), while the hip belt bag design was found to be the most useful across
all three worker groups 1.02 (+ 0.09). Large variability exists for all worker groups
when using the standard and backpack bag designs while little or no variability exists
when using the hip belt bag design. When analysing the data with respect to worker
demographics (age, sex and experience) the following general trends were again
observed, albeit the results were non-significant: the youngest worker group
(18-25 years) seemed to find all three bags the least useful, while the oldest worker

group (35+ years) had lower usefulness ratings, indicating that they found all three
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bags more useful than the other two worker age groups. The non-experienced
workers found the all three bag designs to be less useful than the experienced
workers. There were only very weak correlations and statistically insignificant
differences between usefulness/ease of use and the worker demographics (age, sex

and worker experience) for all three bag designs (Appendix G).

5.3.3.2. Perceived Ease of Use
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Brackets indicate significant difference at p< 0.05).

Figure 26: Mean ratings for perceived ease of use for all worker groups, where
1=extremely easy to use, 2=slightly easy to use, 3= neutral, 4=slightly un-easy to

use and 5=extremely un-easy to use.

The workers again collectively perceived the backpack design to be the least easy to
use (3.11 + 1.17) and the hip belt bag design the most easy to use (1.07 = 0.25), as
is depicted in Figure 26. For the standard bag the mean perceived ease of use rating
was 1.24 (£ 0.75). The ease of use rating of the backpack design was significantly
higher (i.e. it was the most difficult to use) than that of the other two bag designs
(p=0.044 and 0.11)- standard bag and hip belt bag designs respectively. Variability is
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large for the standard and backpack bag designs but small for the hip belt bag

design.
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Figure 27: Mean rating of ease of use for each individual worker group using the
different bag designs (where 1=extremely useful, 2=slightly useful, 3= neutral

4=slightly un-useful and 5=extremely un-useful).

When considering the perceived ease of use ratings per each individual worker
group (Figure 27), all worker groups found the backpack design to be the least easy
to use (4.00 £ 5.23, 3.00 + 5.44 and 3.02 = 2.33 for ground worker, step ladder
worker and tall ladder worker group respectively) and the hip belt bag design the
most easy to use (1.00 £0.12, 0.97 £ 0.11 and 1.00 + 0.14 respectively). The ground
workers had the worst response to the backpack design, compared to the other two
worker groups, with a mean perceived ease of use rating of 4.00 (£ 0.01), and the
best response (0.17 = 0.41) when using the standard bag and hip belt bag designs.
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The tall ladder and the stepladder workers had similar responses to the mean ratings
of ease of use of the backpack and hip belt bag designs, with the back pack design
receiving the worst ease of use ratings, and the hip belt design the best ratings.
These differences were however not statistically significant. Again variability for the

standard and backpack designs is large but small for the hip belt bag design

Although all were statistically insignificant, the following general trends were also
observed: the youngest age group (18-25 years), found all three bag designs hard to
use compared to the other two age groups, and the non-experienced workers had
higher ease of use ratings for all three bag designs (i.e. they found the bag designs
hard to use) compared to the experienced workers.

5.4 Discussion

It was evident from the current study that regardless of the worker groups, the
backpack design was the least desirable design, as it elicited the highest perceived
exertion, resulted in the lowest productivity rate and was found to be the least useful

and most difficult to use.

Although no significant differences existed for perceived exertion between the bag
designs, the RPE results obtained in this study support the results from studies by
Earle-Richardson et al. (2004 & 2006), who, using the same RPE scale, found that
by using the hip belt bag design the workers perceived less (7.06 + 1.55),
musculoskeletal effort than when using the standard bag to harvest citrus fruit (10.02
+ 1.42). These RPE results obtained from Earle-Richardson et al. (2004) are very
similar to that obtained in the current study, where mean RPE using the hip belt bag
was 7.98 (£ 1.86) and using the backpack design was 9.68 (£ 2.84). This thus
provides evidence in support of the hip belt bag as a better design than the standard
bag design. It must also be noted that these similar results in RPE were expected as
more similarities than differences exist in the methodology of both studies. For
example, both studies were performed in the field and on real citrus farm workers
and the aim of both studies was also to provide evidence that an asymmetrical
means of load carriage (from the standard harvesting bag) is detrimental to the

workers musculoskeletal system. It must be noted however that Earle-Richardson
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and colleagues (2006) did not investigate the effects of a backpack design in their

study; only standard harvesting bag and the hip belt bag design were studied.

From informal conversations and discussions with the participants of the current
study, feedback about the hip belt bag design was generally positive, regardless of
worker group or demographic. No significant correlations were found between bag
design and selected worker demographics (sex, age and experience). However,
various trends were identified which are mentioned in the results section of this
chapter. For RPE, the experienced workers appeared to have higher ratings than the
non-experienced workers. One can debate for and against this finding: the
experienced workers are generally the older workers and as such are not as
physically agile as the younger inexperienced workers. Hence they perceived greater
exertion. Conversely, one could expect that since these experienced workers are
familiar with the harvesting task requirements the exertion perceived would be less.
For productivity, the females tended to be more productive than the males; the older
and experienced workers were also more productive. A general observation in rural
Eastern Cape as stated by (Van Weiss, 2005), is that females are generally the
bread winners in the family. For this reason, the female workers are seen to work
more efficiently in order to earn more money. In addition to this, since most of the
female workers were ground workers, they did not spend time setting up, carrying
and climbing up and down the ladders. This would improve time spent and hence
productivity. As expected, the experienced workers (which were also the older
workers) were familiar with the harvesting task from having participated in at least
one harvesting season as such performed better.

The patrticipants stated during the informal discussions that they preferred the hip
belt design, mostly because it was not a drastic change (compared to the backpack
design) from what they (specifically the experienced workers) were used to. They
also acknowledged the improvement in load distribution, as they reported reduced
pressure on the shoulders as a result of the addition of the hip belt. Figure 23 shows
that when using the backpack bag design, the workers were significantly less
productive and were most productive when using the hip belt bag design. The results
were unexpected, as it was expected that using the backpack design would improve
the workers’ productivity, as much load carriage research, including studies by
Murray & Miller (1985 &1989), Motmans et al. (2007), Corrigan & Xian Liu (2012)
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and Bao et al. (2013), all concluded that this bag design was the most effective in
reducing asymmetry. Although productivity was not assessed in above-mentioned
studies, one could infer that with a reduction in asymmetry (which will lead to
decreased muscular exertion), worker output would increase. These studies also
concluded, using objective measures only (EMG, gait, posture etc.), that a backpack
bag design was more effective in eliminating asymmetry by re-distributing the load
across the body, hence reducing muscular strain. The PUEU analyses, targeted at
assessing perceived usefulness and ease of use for each bag design, were
expected to have the lowest ratings (i.e. best responses) for the back pack design.
However, the opposite occurred; namely the back pack design was found to have the
highest ratings i.e. it was rated the least useful and most difficult to use bag design.
The results from the current study clearly contradict the results in the above cited
studies; it must however be noted that these cited studies were laboratory based
studies and hence performed under controlled circumstances. Secondly, the
participants’ attitude towards change (i.e. the backpack design) is another aspect
that was not accounted for in the above laboratory based studies. Most times,
behavioural variables which often form a large part of the findings obtained in a field
research are not accounted for in laboratory based research. This highlights the
difficulties/challenges associated with lab/field research as the results from lab
research often fail to predict in real life (Chapanis, 1967; Lofland & Lofland, 1984;
Parasuraman et al., 2004).

Furthermore, conversations with the workers shed more light on the reasons for the
workers dislike of the backpack design. Apart from this design being a drastic
change from what they are used to, the workers also mentioned that 1) they found it
difficult to empty fruit using this design, 2) the hood of this design restricted their
range of motion due to protruding branches of the orange trees and 3) this bag was
larger than the other bag designs, so the workers end up spending longer amounts
of time to fill up the bag- this was however accounted for as they were then

prompted to fill this bag design half way.
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5.5 Conclusion, Limitations and Recommendations

From the results obtained from this phase of the study, a general trend in support of
the hip belt bag design was established, even within the different worker
demographic groups (age, sex and worker experience). The workers perceived less
exertion and were more productive using the hip belt design; they also found this bag
the most useful and easy to use. In contrast, the backpack bag design had
significantly poorer responses when compared to the other two bag designs and this
was evident in all the dependent variables assessed (RPE, productivity and PUEU).
In conclusion, the null hypothesis must be rejected and the alternative hypothesis,

accepted.

Data were obtained for 17 participants; however of these, eight participants either
discontinued with the study or refused to use one or two of the bag designs. Hence,
only complete data sets for the remaining nine participants were used in this study.
In the future, in order to accurately compare these three bag designs, a larger
sample size is recommended. To increase sample size, farm workers from multiple
harvesting farms should be involved. Additionally, the researcher was only able to
collect data for 4-6 working/harvesting hours, as opposed to the initially planned
eight hours, due to environmental conditions; if a citrus fruit is harvested with any
water or dew on it, the acidity of the fruit is tampered with. Hence, on most days, the

trees were given 1-4 hours to dry before harvesting could commence.
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CHAPTER 6: INTEGRATED DISCUSSION & CONCLUSION

6.1 Integrated Discussion

It is evident that the results obtained for the lab and field phases of this project
contradict each other. The overall conclusion based on the results from the
laboratory phase wa