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conducted using surface electromyography (EMG) to assess the effect that glove type has
on forearm and shoulder muscle activation. A total of 24 participants were asked to move
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CHAPTER I
INTRODUCTION

1.1

Background

1.1.1

General Risks
Agriculture is recognized as one of the most hazardous industries within the

United States. The U.S. Department of Labor, Bureau of Labor Statistics (2013) reports
that the non-fatal injury rate for the entire agriculture sector was 5.7 cases per 100 full
time workers with some agriculture segments recording injury rates as high as 11.5 per
100 workers. Relatively speaking, these rates seem extraordinarily high when compared
to the average for all private sector jobs of 3.3 injuries per 100 workers. The nursery,
greenhouse and floriculture production injury rate is 5.5 recordable cases per 100
workers.
Although many of the injuries related to agricultural work are tied directly to
factors such as respiratory disease, pesticide use and cancer cases, ergonomic related
injuries, such as musculoskeletal disorders (MSD), were identified as the leading cause
for all non-fatal injuries for agricultural workers (Mital et al., 1999; Fathallah, 2010) . As
reported by Fathallah (2010), these MSD factors are generally classified into one of three
general areas: lifting or carrying heavy loads in excess of 50 pounds, sustained and
repeated full body bending, and very highly repetitive hand work. Work within the
nursery industry involves, among other things, the occasional carrying of heavy loads
1

such as large container grown plants or bags of fertilizer, the movement of lighter loads
on a frequent basis such as smaller (less than 15 pounds) containerized plant material,
and repetitive pruning and clipping of plant material using hand tools. Although it is
possible that some of these risks could be mitigated through use of increased
mechanization, the industry continues to rely heavily on the use of manual labor
(Langlois et al., 2007).
1.1.2

Container Nurseries
Nursery and greenhouse container operations typically specialize in either smaller

sized container grown plants or larger shrubs and trees (> 15 gallon container capacity).
As shown in Table 1.1, survey data of nursery and greenhouse operations in Mississippi,
Louisiana and Alabama showed that 43% of these operations produce products in onegallon pots and 29% produce three-gallon plant material (Posadas, B., et al., 2010). Based
on this data, movement of small containerized plants would make up a large proportion
of the labor associated with plant movement in the industry. Typically, these plants will
be moved multiple times over their life cycle at the nursery before being sold.
Table 1.1

Sizes of product grown in pots by surveyed operations.

Type of Product

Nursery Only

Greenhouse
Mixed
All Operations
Only
Operations
1 Gal Pots
46
14
57
43
3 Gal Pots
32
5
41
29
5 Gal Pots
27
0
19
16
7 Gal Pots
18
0
17
13
> 15 Gal Pots
14
0
42
25
Note: Shown as a percent of total operations (columns will not total to 100% as these
operations grow a variety of product and may be counted in multiple rows). Adapted
from Posadas et al., "Operational Characteristics", 2010.
2

1.2

Problem Statement
Based on observations at several nurseries across the gulf south, use of gloves by

nursery workers is moderately common, while consistency of glove type used is not. The
design of the injection, and/or blow-molded pots used in this industry can result in a
potential cut hazard along the top edge of the pot although that seems more likely with
larger pots. Many nursery workers who choose to wear gloves seem to do so for cut
and/or insect protection. Although there have been many studies that focus on the
influence that glove type has on overall grip strength (Buhman et al., 2000; Fleming et
al., 2010; Kinoshita, 1999; Mital et al., 1994; Rock et al., 2001; Shih et al., 2001),
opportunity exists to examine how use of gloves and glove type can impact worker
forearm and shoulder muscle activation while transporting small container grown plants
in the nursery industry.
An evaluation of the research focused on the use of gloves and grip strength show
that use of certain types of gloves can, in fact, allow for increased application of torque in
some circumstances (Imrhan and Farahmand, 1999). Fleming et al., (2010) showed that
the effects of glove use on grip performance have been thoroughly investigated with
conflicting results. It appears that the effect that glove type has on worker performance is
very much dependent on the specific situations in which they are used.
Much of the research focused on glove impact to muscle activity and fatigue has
to do with performance under maximum voluntary exertion (MVE) conditions and
measures of grip strength. An evaluation of the movements used by workers when
transporting small plants in a nursery setting shows extensive use of a pinch grip and
wouldn’t be considered a maximum effort in most cases.
3

Given the lack of consistent glove use and style worn by workers in this industry,
coupled with the unique nature of the movements required and product configuration
associated with the manual transport of small containerized plants, this study will focus
on the muscle activation associated with movement of small containerized plants while
using several different types of hand protection.
1.3

Objective of the Study
The objective of this study is to examine the effects that various forms of hand

protection have on the forearm and shoulder muscle activation while carrying three
different configurations of containers/plants. These moves will be performed using one
gallon capacity containers and three gallon capacity containers. The three configurations
included; (1) one one-gallon container in each hand, (2) one three-gallon container in
each hand and (3) two one-gallon containers in each hand. It is common for nursery and
greenhouse workers to carry multiple containers in each hand when practical. One type of
container movement will be considered in this study. Containers at ground level will be
lifted, moved and placed at a representative wagon/cart height. This movement will
mimic the common activity of manually transporting containerized plants from a
container pad location (ground level), walking a short distance, and placing on a transport
wagon for the purpose of relocating at the nursery or being pulled to meet a shipping
request.

4

1.4

Hypotheses
Several hypotheses will be tested:


Use of differing glove types / hand protection will show significant
differences in forearm and/or shoulder muscle activity while performing
plant movements. Some studies have shown an increase in forearm muscle
activation when using thicker gloves (Kinoshita, 1999; Shih et al., 2001).



Different plant sizes/weights will influence the level of effect that glove
type has on muscle activation. Research has shown that the level of effort
may influence the glove effect with respect to gripping force (Buhman et
al., 2000).



Differences in muscle activation while wearing different forms of hand
protection are not influenced by gender. As cited by Nicolay and Walker,
(2005) although males have significantly higher grip strength, there is no
measureable difference in relative endurance between gender. It is
hypothesized that this same trait will be seen with the application of
gloves.



The influence of hand protection on muscle activity will be affected when
moving from one container in each hand to multiple containers. A
comparison of one three-gallon container in each hand with two onegallon containers in each hand will be made. These two configurations
will be simulated to weigh the same, but will require pinch grips of
different widths/types. Research has shown a correlation between pinch
strength and the width of the pinch (Dempsey and Ayoub, 1996).
5



There will be a correlation between forearm muscle activity while using
various glove types and anthropometric hand measurements. Dempsey and
Ayoub (1996), found that hand thickness was tied closely to hand grip
strength (for males). It is hypothesized that a thinner hand measurement
may correlate to increased muscle activity for a given glove type and
container configuration.



There will be a gender-based difference between measured dominant /
non-dominant forearm muscle activity when performing the same function
regardless of level of hand protection. A study by Nicolay and Walker
(2005) suggest that during maximum grip tests, females showed a
significant difference in grip strength between dominant and nondominant hands while males showed no appreciable difference.

1.5

Scope and Limitations of the Study
There are certainly many factors which may impact worker forearm and/or

shoulder muscle activation when performing small container movement in a nursery
environment. The distance traveled and the type of terrain varies greatly at most
nurseries. The type of plant material in the container may also contribute to fatigue; both
influence of a larger plant canopy and hazards associated with certain plants, i.e. roses. In
addition, environmental conditions could have a large impact on fatigue in that this type
of work is performed outdoors in all types of weather. In many cases, the containers are
wet because of rain and/or irrigation practices. This wet condition could influence glove
choice and performance. This study will be performed indoors with an abbreviated travel
distance driven mainly by the limitations of the testing equipment. Rather than select a
6

given plant type to use, this study will simulate the activity by adding weight to the
containers based on sample containerized plant measurements. Observations taken at a
nursery operation looked at three different plant types and ages. One-gallon containers
weighed between 5.0 pounds and 8.5 pounds, and three-gallon containers weighed
between 11.5 pounds and 16 pounds. One-gallon containers will be set at 6 pounds and
three-gallon containers set at 12 pounds for this study.
There are many choices of gloves appropriate for use in a nursery environment.
Three glove types which can be readily found at most garden supply outlets were chosen
for this study. In addition, these glove styles similarly represent the ones normally found
during nursery observations. In addition to a no glove option, a leather work glove, a thin
nitrile glove and grip assist/mechanics gloves will be used.
Forearm muscle activity of four extensor and flexor forearm muscles was chosen
in addition to two shoulder muscles. Both left and right sides were studied for a total of
12 muscles. Studies have shown that the four forearm muscles selected play a large role
in hand grasping motions; although it is expected that the extensor muscles will play a
relatively larger role (Finneran and O’Sullivan, 2013; Hagg and Milerad, 1997). The
shoulder muscles were chosen due to the fact that this activity will require a lifting
motion to place the containers at table height.

7

CHAPTER II
LITERATURE REVIEW

2.1

Musculoskeletal Disorders
Musculoskeletal disorders (MSDs) can include back and neck pain, joint diseases,

rheumatism and soft tissue injuries caused during sports activities or in the workplace.
These disorders currently affect millions of people worldwide and are cited by the Bone
and Joint Decade (2013) as the second greatest cause of disability worldwide, being
second only to mental and behavioral disorders. MSDs which can be attributed to
activities occurring in a workplace setting, or work-related musculoskeletal disorders
(WMSDs) can be caused by a number of factors and are not always attributed to one
single cause. Although various psychosocial factors can contribute to WMSD’s, there is a
strong correlation between work-related physical factors and these disorders (Bernard,
1997). As defined by the World Health Organization (2004), two of the main physical
factors associated with upper extremity WMSDs are mechanical overload and repetition
frequency.
2.2

Risk Factors in Agriculture
Agricultural workers often are subjected to workplace conditions which could be

defined as labor-intensive. The tasks which these workers perform can certainly lead to
WMSDs. As described by Fathallah (2010), the range of risk factors associated with
8

general agricultural work includes cumulative trauma, vibration, environmental
conditions and carrying heavy loads; to name a few. In some areas of the world where
reliance on agricultural manual labor is higher, these risk factors become even more
pronounced. Rainbird and O’Neill (1995) found that in addition to risks associated with
strenuous physical activity; many of these developing countries have to deal with higher
incidences of pesticide related disorders. Specific to nursery and greenhouse related
work, Fathallah (2010) found that this unique industry involved tasks such as weeding,
pruning, handling containers and propagation; resulting in risk factors which include the
forceful use of a hoe, repetitive cutting, repeated stooping and pinching. Although some
effort toward adoption of mechanized equipment has help mitigate WMSD risk factors,
much of the work at these nursery and greenhouse operations continues to rely of manual
labor which supports the relatively high injury rate seen in this segment of the agriculture
industry. Schuman (2001) suggests that the high emphasis on manual labor and the
resulting perceived lack of ergonomic emphasis across the board in agriculture could be
due a shortage in agricultural health and safety engineers providing solutions to these
problems. Efforts to promote increased safety and overall efficiency, commonplace in
traditional manufacturing operations, are a rare find in agriculture. When this type of
information is made available, there is a weak attempt to persuade process owners in
agriculture to adopt improved practices (Chapman et al., 2004).
2.3

Nursery Production Practices
The two most prominent types of nursery operations are field production and

container production. Field production nurseries grow product directly in the soil and the
plant does not move until it is removed from the ground to meet a customer order.
9

Container production relies on product grown in containers ranging in size typically from
1 quart in volume to over 200 gallons. Small container nurseries are those generally
dealing in product grown in pots from 1 quart to 5 gallons in volume. These systems
have their own unique set of ergonomic related issues, most of which deal with the
repetitive nature of moving a high volume of small products (Langlois et al., 2007).
Large container nurseries must deal with more back injury potential as many of these
large plants weight well in excess of 100 lbs. As reported by Langlois et al. (2008)
mechanized options are available to transport the very largest of these containers.
Advances in container production relative to reducing ergonomic injury issues include
transport trailer design changes to reduce the height that plants must be raised when
loading and increased use of conveyors, powered and non-powered, to reduce the amount
of manual transport of the plant material (Whitcomb, 2003).
Field production nursery systems rely more on mechanization due to the size of
the product which can weigh as much as 2000 lbs. In this segment of the industry, many
ergonomic related issues can be traced back to the initial propagation of the plant
material. Propagation activities rely mainly of vegetative cloning which involves taking
cuttings of larger plants and sticking those small cuttings in rooting material for a period
of time. The process of using hand pruners to take cuttings and the act of sticking the
cuttings in rooting media exposes workers to problems of the hands and wrists. In
addition to providing better designed hand pruners to reduce WMSDs, some growers
have instituted proper training, frequent rest breaks and worker rotation to help with this
potential injury problem.

10

As reported by Whitcomb (2003), a major focus on new nursery design should be
in minimizing the number of times a containerized plant is moved. Plants at container
nurseries are moved to and from operations such as filling, production sites and
shipping/loading areas. Although some effort has been completed regarding the
mechanized movement of small container plants using adjustable forks and lift trucks,
most plants are moved manually and most are moved several times during their life at the
nursery. Observations have shown that although these jobs are predominately held by
males, many female workers perform container movement tasks as well. Posadas et al.
(2010) showed that female workers make up approximately one-third of the total
workforce at nursery and greenhouse operations. This study will not exclude female
participants. As reported by Nicolay and Walker (2005), although males have a greater
hand grip strength than females, there is no significant difference in relative endurance.
In terms of pinch strength, females were reported to have significantly less strength than
males (Dempsey and Ayoub, 1996). In addition, due to the height of most nursery
transport wagons, workers of shorter stature may experience increased forearm muscle
activation when lifting containerized plants to a wagon height due to the pronation of the
forearm experienced during this move of this type. (Mogk and Keir, 2010).
2.4

Use of Gloves by Workers
Gloves can be found supporting various tasks in all sorts of industries. Most are

either worn as part of a worker’s personal protective equipment or to gain a performance
advantage such as increased torque; although this torque advantage can be dependent
upon factors such as glove type (Imrhan and Farahmand, 1999). Workers may have the
perception that gloves impair performance and overall productivity causing them to
11

decide not to wear them which may increase their risk of injury (Buhman et al., 2000;
Lariviere et al., 2004). Observations at container nurseries showed a mix of workers who
wore no glove or various types of gloves.
Often the only factors which contribute to the decision of what glove to wear are
the safety requirements; however, studies have shown that the level of exertion required
can play a large role in the glove performance and therefore in glove selection. (Buhman
et al., 2000; Lariviere et al., 2004).
There is little information related to performance of gloves in relation to worker
safety and discomfort in the nursery industry. To this end, there is an opportunity to
better understand the performance impact of various glove types within the small
container nursery industry and the unique tasks involved.
2.5

Glove Performance
The grip type used to move small containerized plants is considered a pinch grip,

sometimes referred to a two or three point pinch grip. Research by Rock et al. (2001)
showed a correlation between pinch grip performance and glove type. In this study,
participants who wore a thinner glove typically were shown to have a higher pinch grip
force. Kinoshita (1999) showed that the force needed to lift and hold a small object with a
precision grip increased with glove thickness As stated prior, studies have shown
conflicting results regarding the net effect of performance and fatigue related to the
wearing of gloves during certain work tasks. A study by Mital et al. (1994) showed both
an increase in torque when workers wore gloves and no significant change in muscle
activation attributed to gloves. It was assumed in this study that associated worker fatigue
would also not increase, however this was not studied further. Much of the research
12

associated with worker fatigue tied to glove performance has to do with measurement of
maximum force grip strength and/or isometric tests (Fleming et al., 2010; Lariviere et al.,
2004).
2.6

Summary
Some progress has been made to implement ergonomic solutions in the green

industry, however, both a failure of process owners to recognize or understand that some
solutions exists (Chapman et al., 2004; Chapman et al., 2010) and the nature of the work
still results in operations which are predominately driven by manual labor. Due to the
nature of the container nursery processes, plants must be moved multiple times during
their life at the nursery. These moves are made almost exclusively by manual labor.
Workers who perform these moves may move thousands of containers in one shift and
may perform these tasks year round. Nursery workers use gloves at part of their personal
protective equipment and there is not one style that is preferred by most workers based on
observations. Studies have shown that in some cases, factors such as worker grip strength
and endurance can be influenced by the type of glove worn.
Studies have been performed to determine various muscle activation levels during
recreational horticultural activities (Park et al., 2013); however, little research has been
performed using surface electromyography (EMG) data as a measure of the influence of
glove type on muscle activation observed during a common nursery task for the purpose
of improving safety and productivity in the nursery and greenhouse industry.

13

CHAPTER III
METHODOLOGY

3.1

Design of Experiment
A 4 x 3 full factorial mixed-factors study was performed to measure the effects of

glove choice on forearm and shoulder muscle activation. In this study, four different
methods of hand protection and three different configurations of nursery plant containers
were manipulated to determine the effect that these combinations have on the muscle
activation using surface EMG measurements. The four methods of hand protection were
defined as no glove, thick glove offering maximum protection, a thinner work glove with
textured grip surface and a thin nitrile glove. The container configurations used were one
one-gallon (6 lb) weighted container in each hand, one three-gallon (12 lb) container in
each hand and two one-gallon (6 lb) containers in each hand.
Codes used to define each independent variable and the trial combinations are
shown in Tables 3.1 and 3.2.

14

Table 3.1

Configuration definitions
Containers

Gloves
Configuration

Defined as

No Glove

Glove 1

Thick Leather

Glove 2

Mechanics

Glove 3

Nitrile

Glove 4

Table 3.2
Trial
1
2
3
4
5
6
7
8
9
10
11
12

Configuration
One one-gallon in
each hand
One three-gallon in
each hand
Two one-gallon in
each hand

Pot 1
Pot 2
Pot 3

Trial combinations
Glove type
Glove 1
Glove 1
Glove 1
Glove 2
Glove 2
Glove 2
Glove 3
Glove 3
Glove 3
Glove 4
Glove 4
Glove 4

Container configuration
Pot 1
Pot 2
Pot 3
Pot 1
Pot 2
Pot 3
Pot 1
Pot 2
Pot 3
Pot 1
Pot 2
Pot 3

A balanced Latin square design (Kim, 2009) for trial assignment is shown in
Table 3.3. Listed trial numbers correspond to the trial combinations in Table 3.2.

15

Table 3.3

3.2

Trial assignments

Independent Variables
Independent variables for this study are hand protection/glove type and container

configuration. The participants were asked to perform a task with different levels of hand
protection while carrying different weighted container configurations. Four levels of hand
protection; no glove, thick leather work gloves, thinner mechanics/grip assist gloves and
thin nitrile gloves were chosen based on observations at various container nurseries and
represent the broad range of hand protection generally worn. Samples of these gloves are
shown in Figure 3.1. A variety of gloves can be observed in use at container nurseries.
Occasionally, workers choose to wear no gloves, therefore, this option was included in
this study. A thick work glove was chosen as an alternative providing the greatest amount
of protection from abrasions and insects. A thin nitrile glove was chosen as some nursery
workers were observed using this type of protection in wet environments. A thinner
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glove with grip assist was chosen as a compromise of protection and dexterity. The three
configurations of containers included; (1) one one-gallon container in each hand, (2) one
three-gallon container in each hand and (3) two one-gallon containers in each hand.

Figure 3.1

3.3

Glove styles included, from left, Nitrile (Ansell Models 92-500S,M,L,XL), Leather (Condor, Inc Models 5NGN7,8,9,0) and Mechanics
(Atlas Model 370-S,M,L,XL)

Dependent Variables
Two main groups of dependent variables were measured: perceived workload as

measured by a post-trial survey instrument and forearm and shoulder muscle activity
across twelve muscles.
3.4

Perceived Workload
At the end of each of the 12 trials, all participants were asked to rate the

performance of the glove type worn in terms of perceived ease at which they could
perform the required task of moving various container configurations and their comfort
during the activity. The participants rated the trial experience across four statements on a
Visual Analog Scale (VAS) ranging from strongly disagree to strongly agree. A single
vertical line was marked on each scale by the participant reflecting, (1) their perception
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of how easy the containers were to carry, (2) whether they felt they could have carried the
containers for a longer distance, (3) whether they could have continued the trial for
additional time, and (4) whether the containers felt secure in their hands. To determine
the score of these ratings, the participant’s vertical mark was measured as a distance in
inches starting at the left side (strongly disagree) of the scale. The mean VAS scores for
each of the four post trial questions was calculated. The survey is shown in Appendix B.
3.5

Muscle Activity
Measurements of muscle activation were determined using surface

electromyography (EMG). Four forearm muscles and two shoulder muscles were
measured on each side of the body: Flexor Carpi Radialis, Flexor Carpi Ulnaris, Extensor
Carpi Radialis, Extensor Carpi Ulnaris, Anterior Deltoid and Middle Deltoid. Because
the task of moving small containerized plants involves a pinch type grip, these flexor and
extensor muscles were chosen because they play a key role in a grasping pinch type grip
both as providers of the force needed to lift an object but also to provide some level of
control of wrist flexion (Finneran and O’Sullivan, 2013; Hagg and Milerad, 1997). The
shoulder muscles were included to capture effort required to carry and lift these
containers from the ground to a height of 32 inches, representing the height of a common
nursery cart. Mean activation data were measured in each arm and shoulder for a total of
12 measurements.
3.6

Trials
Skin preparation of the locations for the EMG electrodes involved shaving of

excess hair, a light abrasion of the skin surface with sand paper (fingernail file) and
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cleaning of the skin with an alcohol wipe. This procedure was followed to best ensure
minimal signal impedance. Ten millimeter Ag/AgCl pre-gelled disposable electrodes
were applied to the prepared skin at the following locations; right and left flexor carpi
radialis (RFCR / LFCR), right and left flexor carpi ulnaris (RFCU / LFCU), right and left
extensor carpi radialis (RECR / LECR), right and left extensor carpi ulnaris (RECU /
LECU), right and left anterior deltoid (RAD / LAD) and right and left middle deltoid
(RMD / LMD). The locations for the electrodes were as follows (Perotto, 2011):


Flexor carpi radialis: Four fingerbreadths distal to a line connecting the medial
epicondyle and the biceps tendon.



Flexor carpi ulnaris: Two fingerbreadths volar to the ulna, one third distal to the
ulna base.



Extensor carpi radialis: Two fingerbreadths distal of the lateral epicondyle.



Extensor carpi ulnaris: Midway on the forearm, just above the shaft of the ulna.



Anterior deltoid: Three fingerbreadths below the anterior margin of the acromion.



Middle deltoid: Halfway between the tip of the acromion and the deltoid tubercle.



A reference electrode was applied on the bony protuberance on the top of the right
shoulder (acromion) for each participant.
Due to the close proximity of the extensor carpi radialis, longus and brevis, no

distinction was made between them relative to EMG electrode placement (Perotto, 2011).

Inter-electrode distance was fixed at 2 cm. After application and a stabilization
time of ten minutes, a multi-meter was used to measure signal impedance across each set
of electrodes. For cases when the resistance readings were greater than 10kOhms, the
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electrodes were removed and the application site was re-cleaned. A new set of electrodes
was then re-applied. Electrode connecting wires were secured using tape to allow the
participant to move without disrupting the electrode position. Secured electrodes and
wires are shown in Figure 3.2.

Figure 3.2

Participant with attached EMG electrodes

After successful electrode application, resting EMG readings were obtained.
Participants were asked to stand still with their arms at their sides for 5 seconds while
resting EMG readings were recorded. Next, the participants were instructed to exert a
maximum voluntary exertion (MVE) for each of the 12 muscles being studied. Specific
exercises were employed to isolate the targeted muscles. For each exercise, a five second
ramp-up/ramp-down procedure was used in which the participant steadily increased their
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exertion to the point of maximum at the three second point and decreased back to resting
over the next two seconds. During each exercise, the experimenter counted aloud. Each
procedure was completed a minimum of three times with a 30 second rest between each
trial.
To obtain anterior deltoid MVE’s, the participant stood with their arms held
straight and at an approximate 45 degree angle in front of them. Resistance was provided
by the experimenter to prevent any movement of the arms. When instructed to start, the
participant attempted to raise their arms in front of them. Both left and right anterior
deltoid MVE’s were recorded simultaneously.
The middle deltoid MVE’s were obtained individually by having the participant
position their arms straight at their side. Starting at approximately 45 degrees, the
participant attempted to raise their arms to the side while the experimenter provided
resistance. Forearm MVE’s were obtained with the participant in a sitting position. With
their arms resting on their legs, each participant was asked to perform a twisting motion
while gripping a ¾” PVC pipe. During this exercise, the participant attempted to twist
‘up’ with one hand while twisting ‘down’ with the other (Figure 3.3). This exercise
provided forearm flexor and extensor MVE measurements simultaneously. Once
completed, the procedure was reversed to obtain the remaining forearm flexor and
extensor muscle MVE’s. All MVE measurements were made with the wrists in a neutral
position (Duque et al., 1995). All EMG data was collected with a Myosystem 1400A
(Noraxon, Scottsdale, AZ) at 1000Hz. Data was collected continuously during each trial
and data markers used to identify start and stop moments for each of the 10 repetitions
within a trial. Data was bandpass filtered between 20 Hz and 300 Hz to eliminate
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interference caused by sources such as electrical equipment, wire sway and nearby
muscle tissue artifacts (DeLion, n.d.). Typically The EMG data was then smoothed by a
root mean square method to eliminate random non-reproducible data spikes and more
accurately portray the mean trend of the signal (Konrad, 2006). Average EMG was
calculated across the 10 repetitions within each trial. Smoothed and filtered data was then
used to estimate normalized muscle activity levels. Muscle activation levels are shown as
a percentage of the MVE based on Equation 1.1. Percentage will be shown as a decimal
equivalent between 0.0 and 1.0.
% MVE = ൬

ாெீ್ೞೝೡ ିாெீೝೞ
ாெீೌೣ ିாெீೝೞ

൰

(3.1)

After completion of the trials, all tape and electrodes were removed from the
participants’ forearms and shoulders and any residual gel was removed with an alcohol
wipe.
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Figure 3.3

3.7

Participant in a position to obtain forearm MVC’s

Participants
Study participants were recruited from the student population at Mississippi State

University. A total of twenty- nine students participated in the study with data being used
from twenty-four students. Participant data was not used from trials considered either
from one of several initial pilot runs or from participants not able to complete a majority
of the trials. The average age (std dev) of these participants was 20.5 (1.4) ranging from a
minimum of 18 and maximum of 24. The gender mix within the participants was 21 male
(87.5%) and three female (12.5%). The average height in inches and weight in pounds of
the male participants was 69.8 (2.2) and 178.3 (25.9) respectively. The females averaged
65.3 (2.7) and 131.0 (22.7). The dominant hand data was split 22:2 (R:L) among all
participants. Based on results from a pre-trial Nordic-style screening survey, shown in
Appendix C, none of the participants suffered from any pain/injuries which would have
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excluded them from taking part in this study. Exclusion criteria was established as pain
which kept the individual from performing normal duties over the prior 12 months in any
of the following areas; neck, shoulders, elbows, wrists/hands, back, hips/thighs, knees or
ankles/feet. Participant anthropometric data (cm) is described in table 3.4 and is shown
in Table 3.5. Participants were compensated for their time with a free quiz grade offered
by a course professor.
Table 3.4

Anthropometric descriptions

Hand Measurement
LHHL / RHHL
LHD1L / RHD1
LHD2L / RHD2L
LHHB / RHHB
LHHT / RHHT

Description (Left / Right)
Hand length
Digit one length
Digit two length
Hand breadth
Hand thickness
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Table 3.5

Participant Anthropometric Data (cm)

Hand
Gender Measurement
F
LHHL
LHD1L
LHD2L
LHHB
LHHT
RHHL
RHD1L
RHD2L
RHHB
RHHT
M
LHHL
LHD1L
LHD2L
LHHB
LHHT
RHHL
RHD1L
RHD2L
RHHB
RHHT

3.8
3.8.1

Mean
17.1
10.8
6.7
7.6
2.5
17.2
11.1
6.8
7.6
2.5
19.0
12.2
7.3
8.9
2.9
18.8
12.1
7.3
8.9
2.9

Std
Dev Minimum
0.87
16.1
0.49
10.4
0.58
6.2
0.27
7.2
0.14
2.3
0.87
16.2
0.50
10.5
0.38
6.4
0.30
7.2
0.13
2.3
0.76
17.6
0.69
10.6
0.49
6.3
0.36
8.1
0.16
2.6
0.83
17.2
0.74
10.2
0.43
6.3
0.31
8.1
0.20
2.6

Maximum
18.2
11.5
7.5
7.8
2.6
18.3
11.7
7.3
7.9
2.6
20.4
13.2
8.3
9.5
3.2
20.3
13.1
8.0
9.4
3.4

Procedure
Participant preparation
Upon arriving at the testing location, an overview of the study was presented and

each participant was asked to complete an informed consent document approved through
the Mississippi State University IRB (Appendix A). A survey was then administered to
gather demographic data which included gender, age, height, weight, dominant hand and
any past experience working at a plant nursery (Appendix C).
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EMG procedures including electrode preparation, attachment, stabilization,
resting and MVE assessments were completed next. During the electrode stabilization
time, participants were provided specific instructions on the task. After collection of
MVE’s, the first trial was prepared, and participants completed 10 unique trials following
auditory cues for movements. Between trials, participants completed a post-trial
questionnaire. This process continued until all 12 trails were complete. Participants then
completed an overall glove preference rank and were thanked for their time. All testing
was completed in a single session that lasted approximately two hours.
3.9

Data Analysis
Following successful completion of the participant trials, the raw data was edited

using MyoResearch Master Edition software (V 1.08.27). Data markers were used to
identify the start and stop points of each study replication within each trial for all
participants. Data from the right and left forearm extensor muscles were of most use for
this exercise as they showed the exact moments when the hands were opened to pick up
the containers. Shoulder muscles, particularly the right and left anterior deltoid muscles,
were used as a signal to note successful placement of the containers at the table height.
Use of these markers made it possible to calculate the mean EMG activity for each
muscle without including any within trial downtime, such as the 3 seconds of rest
between replications. A sample of the raw EMG data is shown in Figure 3.4.
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Figure 3.4

Sample of raw EMG data with markers

A review of the raw EMG data revealed a relatively small number of outliers.
These outliers may have been caused by equipment failure, electrical interference or
random participant influence. These outliers were deleted from the data and not included
in any subsequent analysis. The total quantity of outliers removed was approximately 9%
of the total EMG data collected. Descriptive statistics were then calculated for all
dependent variables. Mean EMG data for each of the 12 forearm and shoulder muscles
were evaluated for normality by first creating histograms of the data. The graphical
histogram analysis revealed that a majority of the data were skewed and did not appear to
fit a normal distribution. The results of the Shapiro-Wilks tests confirmed this suspicion.
Results of the Shapiro-Wilks test for normality is shown in Appendix D. The EMG data
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was then subjected to a log transformation which provided a correction for the skewing
characteristic of the muscle data. ANOVA was used to test for the effects of glove
treatment, pot configuration, gender, height and glove size (anthropometric data) on the
dependent variables. Post-trial perception survey data was analyzed using the ANOVA to
measure the influence of trial treatments on participant perception of fatigue and comfort.
Significant effects were further evaluated using Tukey HSD tests to determine which
levels produced significant differences. In addition, Spearman’s correlation coefficients
were calculated to determine whether relationships exist between the dependent
variables. Unless otherwise shown, results were considered significant at an alpha of
0.05, and all analyses were performed using SAS Enterprise Guide 6.1 statistical
software.
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CHAPTER IV
RESULTS

4.1

Container Movement Task
In this study, the participants were asked to move three configurations of

weighted containers while wearing one of four different glove treatments. The move
simulates a nursery task of picking up a container grown plant from the ground level,
walking a short distance and placing the containers on a nursery wagon/trailer. The
wagon was simulated by setting the height of a table at 32" from the floor. This height
was selected arbitrarily based on observed heights of various nursery wagons. The two
sizes of containers used are typical nursery containers and they represent common sizes
and styles used at small container nurseries (Posadas et al., 2010). Container sizes were
three-gallon and one-gallon blow molded plastic containers (Nursery Supplies Series
1200 and 300). Based on nursery observations, the three-gallon and one-gallon containers
were arbitrarily weighted to 12 pounds and 6 pounds respectively. When told to start, the
participant picked up the appropriate containers from the floor, walked 20 feet and placed
the containers on the table at a precise predetermined location. The distance of 20 feet
was chosen arbitrarily based on nursery observations. All moves were made
simultaneously with both the left and right hands.
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4.2

Trials
The same container movement task was repeated for a total of 10 replications per

trial. Between each replication, the participant rested for 2-3 seconds until the
experimenter gave a verbal command to begin. Between trials, the participant rested for
three minutes. During this time, appropriate container configuration and/or glove changes
were made. In addition, this rest period was used to administer the post trail survey
instrument. Prior to beginning the trials, each participant was shown the method to use
when performing the task. Participants were also given a chance to practice picking up
and placing containers before data collection began. Total testing time was approximately
2 hours per participant. All trials were completed in one session.
4.3

EMG and Post Survey Data
In general, participants showed varying degrees of forearm and shoulder muscle

activity when wearing the different glove types across the three container configurations.
When carrying the smaller one-gallon pots, the mechanics glove resulted in lesser
average muscle activity than other treatments across most muscles, while the thicker
leather glove generally produced higher activity across the left and right flexor forearm
muscles, however, none of these differences were significant at p=0.05. Larger container
configurations generally resulted in some significant glove treatment effects. When
carrying the single three gallon containers, use of the mechanics glove resulted in less
average muscle activity for some forearm muscles. When moving the two one-gallon
containers, only the LECR showed a significant difference in muscle activity when
wearing the mechanics glove. In no case did the glove treatment have an effect on the
shoulder muscle activity. Gender did, however, have an effect on shoulder muscle
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activity with female participants showing a significantly higher right and left anterior
deltoid activity than their male counterparts.
Post-trial survey data partially mimicked the EMG data for the single one-gallon
container treatment with virtually no difference in participant perception of comfort and
effort based on glove treatment; with the only difference being between the mechanics
glove and nitrile glove treatments when participants were asked if the container felt
‘secure in their hands’. The single three-gallon container scenario yielded similar results
with a general preference for the mechanics glove in terms of the containers being ‘easy
to carry’ and ‘secure in the hands’. When considering carrying the containers for ‘a
longer distance’, the preference was for the mechanics glove or no glove. Participant
perception when carrying the two one-gallon containers was generally for the mechanics
glove in terms of being ‘secure in the hands’, although there was little significant
difference in EMG activity data.
Complete ANOVA P-values are shown in Tables 4.1. As expected, pot
configuration is shown as a significant effect for all muscles studied, driven by
size/weight differences in the three treatments. Glove treatment had a significant effect
on both the right and left flexor and extensor radialis muscles. As previously stated,
gender had an effect on right and left anterior deltoid muscle activity while participant
height had a significant effect on right and left middle deltoid activity with activity
increasing as height decreased. In all cases, glove treatment had a significant effect on
participant post trial survey response.
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Table 4.1

ANOVA p-values

Dep. Variable
RAD
RMD
RFCR
RFCU
RECR
RECU
LAD
LMD
LFCR
LFCU
LECR
LECU
Post Question A
Post Question B
Post Question C
Post Question D

Glove
0.9392
0.9057
0.0026
0.0821
0.0229
0.1547
0.7167
0.8963
0.0072
0.1518
0.0032
0.6973
0.0010
0.0393
0.0024
<0.0001

Container
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Gender
0.0379
0.6706
0.7519
0.2758
0.4796
0.5419
0.0254
0.3285
0.3613
0.0639
0.1403
0.5811
0.6749
0.9358
0.6228
0.8090

Height
0.5834
0.0334
0.4877
0.3743
0.9344
0.2336
0.3030
0.0058
0.7942
0.3866
0.4985
0.4586
0.1647
0.2893
0.2501
0.1689

Complete means and standard deviations are listed in Tables 4.2, 4.3 and 4.4. In
these three tables, mean muscle data is shown as a decimal equivalent of %MVE and Post
Trial Survey data is a VAS measurement in inches.
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Table 4.2

Average muscle activity and post survey data (standard deviations) for the
one-one gallon container trials

Dependent
Variable

No Glove

One 1‐Gal Pot
Leather
Mechanics

Nitrile

RAD mean

0.0372 (0.0305)a

0.0383 (0.0301)a

0.0387 (0.0322)a

0.0389 (0.0342)a

RMD mean

0.0474 (0.0330)a

0.0509 (0.0377)a

0.0495 (0.0384)a

0.0474 (0.0325)a

RFCR mean

0.0614 (0.0419)a

0.0658 (0.0517)a

0.0586 (0.0455)a

0.0647 (0.0475)a

RFCU mean

0.0496 (0.0425)a

0.0529 (0.0439)a

0.0481 (0.0364)a

0.0515 (0.0448)a

RECR mean

0.1105 (0.0544)a

0.1224 (0.0892)a

0.1077 (0.0539)a

0.1182 (0.0619)a

RECU mean

0.1043 (0.0810)a

0.0970 (0.0877)a

0.0891 (0.0670)a

0.0884 (0.0629)a

LAD mean

0.0305 (0.0168)a

0.0320 (0.0229)a

0.0338 (0.0257)a

0.0334 (0.0223)a

LMD mean

0.0397 (0.0227)a

0.0411 (0.0248)a

0.0393 (0.0194)a

0.0402 (0.0224)a

LFCR mean

0.0577 (0.0424)a

0.0633 (0.0367)a

0.0529 (0.0352)a

0.0583 (0.0435)a

LFCU mean

0.0571 (0.0690)a

0.0704 (0.1009)a

0.0594 (0.0643)a

0.0605 (0.0710)a

LECR mean

0.1079 (0.0584)a

0.1034 (0.0609)a

0.1025 (0.0539)a

0.1099 (0.0633)a

LECU mean

0.0859 (0.0577)a

0.0731 (0.0534)a

0.0797 (0.0512)a

0.0743 (0.0492)a

Post Survey
‘A’
Post Survey ‘B’

3.5558 (0.3249)a

3.5313 (0.4450)a

3.6475 (0.2553)a

3.3763 (0.4997)a

3.5688 (0.3020)a

3.4338 (0.5394)a

3.6621 (0.2528)a

3.4350 (0.4248)a

Post Survey ‘C’

3.5683 (0.3592)a

3.4208 (0.5692)a

3.6688 (0.2467)a

3.4338 (0.5510)a

3.5375 (0.3397)ab

3.3646 (0.6218)ab

3.6854 (0.2067)b

3.1738 (0.6060)a

Post Survey
‘D’

Note: Significant differences in means in rows are designated by a different letter.
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Table 4.3

Average muscle activity and post survey data (standard deviations) for the
one-three gallon container trials

Dependent
Variable

No Glove

One 3‐Gal Pot
Leather
Mechanics

Nitrile

RAD mean

0.0603 (0.0586)a

0.0609 (0.0593)a

0.0643 (0.0587)a

0.0618 (0.0555)a

RMD mean

0.0878 (0.0525)a

0.0929 (0.0625)a

0.0946 (0.0538)a

0.0914 (0.0563)a

RFCR mean

0.1444 (0.0999)a

0.1435 (0.0907)a

0.1165 (0.0778)b

0.1741 (0.1378)a

RFCU mean

0.1092 (0.0842)a

0.1118 (0.0932)a

0.0902 (0.0687)a

0.1040 (0.0811)a

RECR mean

0.2258 (0.1273)ab

0.2345 (0.1839)ab

0.1933 (0.1154)b

0.2417 (0.1168)a

RECU mean

0.1985 (0.1467)a

0.1769 (0.1592)a

0.1573 (0.1268)a

0.1541 (0.1044)a

LAD mean

0.0478 (0.0452)a

0.0531 (0.0587)a

0.0517 (0.0401)a

0.0511 (0.0441)a

LMD mean

0.0807 (0.0566)a

0.0872 (0.0619)a

0.0836 (0.0501)a

0.0800 (0.0521)a

LFCR mean

0.1275 (0.1232)ab

0.1339 (0.1117)a

0.1026 (0.0785)b

0.1299 (0.0929)a

LFCU mean

0.1139 (0.1152)a

0.1074 (0.0822)a

0.1091 (0.1100)a

0.1174 (0.1304)a

LECR mean

0.1953 (0.1148)ab

0.2051 (0.1379)a

0.1738 (0.1010)b

0.2279 (0.1420)a

LECU mean

0.1495 (0.0996)a

0.1450 (0.1169)a

0.1264 (0.0818)a

0.1356 (0.0887)a

Post Survey ‘A’

2.5300 (0.9900)a

2.3817 (1.1594)a

2.9317 (0.6681)b

2.4100 (1.0099)a

Post Survey ‘B’

2.4813 (1.1693)a

2.4863 (1.2307)a

2.8496 (0.9285)b

2.5179 (0.9826)ab

Post Survey ‘C’

2.4750 (1.1027)ab

2.3175 (1.2326)a

2.8067 (0.9930)b

2.2733 (1.2515)a

Post Survey ‘D’

2.1517 (1.0946)a

2.1192 (1.2609)a

3.1192 (0.5870)b

1.8950 (1.1725)a

Note: Significant differences in means in rows are designated by a different letter.
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Table 4.4

Average muscle activity and post survey data (standard deviations) for the
two-one gallon container trials

Dependent
Variable

No Glove

Two 1‐Gal Pots
Leather
Mechanics

Nitrile

RAD mean

0.0811 (0.0626)a

0.0873 (0.0803)a

0.0801 (0.0731)a

0.0840 (0.0694)a

RMD mean

0.0956 (0.0440)a

0.0939 (0.0630)a

0.0979 (0.0554)a

0.1069 (0.0707)a

RFCR mean

0.1207 (0.1137)a

0.1132 (0.0945)a

0.1161 (0.1109)a

0.1333 (0.1165)a

RFCU mean

0.0930 (0.0769)a

0.1109 (0.1051)a

0.0914 (0.0645)a

0.1047 (0.0935)a

RECR mean

0.2386 (0.1506)a

0.2339 (0.1590)a

0.2236 (0.1519)a

0.2442 (0.1503)a

RECU mean

0.1841 (0.1371)a

0.1703 (0.1351)a

0.1691 (0.1253)a

0.1776 (0.1100)a

LAD mean

0.0621 (0.0342)a

0.0729 (0.0633)a

0.0687 (0.0639)a

0.0680 (0.0506)a

LMD mean

0.0833 (0.0367)a

0.0893 (0.0599)a

0.0928 (0.0684)a

0.0897 (0.0507)a

LFCR mean

0.1058 (0.0790)a

0.1194 (0.1317)a

0.1010 (0.0954)a

0.1154 (0.0936)a

LFCU mean

0.1036 (0.0818)a

0.0956 (0.0691)a

0.0937 (0.0763)a

0.1078 (0.0809)a

LECR mean

0.2138 (0.1199)a

0.1908 (0.0876)a

0.1865 (0.1132)b

0.2185 (0.1320)a

LECU mean

0.1446 (0.1047)a

0.1544 (0.1295)a

0.1458 (0.0977)a

0.1559 (0.1214)a

Post Survey ‘A’

2.9175 (0.8489)ab

2.6770 (1.1904)a

3.0758 (0.6717)b

2.8413 (0.9067)ab

Post Survey ‘B’

2.9158 (0.9204)a

2.7500 (1.0470)a

2.9233 (0.9125)a

2.7625 (0.9402)a

Post Survey ‘C’

2.7217 (1.1129)ab

2.6126 (1.1847)a

2.9954 (0.8924)b

2.7571 (1.0392)ab

Post Survey ‘D’

2.6567 (1.1195)a

2.2626 (1.2027)b

3.1754 (0.5917)c

2.4958 (1.1063)ab

Note: Significant differences in means in rows are designated by a different letter.
4.4

Specific Glove Treatment Effects
Specific glove treatment effects shown by muscle can be found in Figures 4.1

through 4.6. Differences in muscle activity when comparing the one three-gallon and two
one-gallon container treatments are shown in Appendix E. Only minor differences in
muscle activity were observed in the studied muscles when carrying the one one-gallon
containers regardless of the glove treatment. In no cases were these differences
significant. In addition, no significant differences were noted in the left or right flexor
carpi ulnaris or extensor carpi ulnaris muscles (RFCU, LFCU, RECU, LECU).

35

Anterior Deltoid
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Figure 4.1
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Figure 4.2
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(2) one‐gallon

RMD

LMD
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Middle deltoid mean muscle activity

Note: Glove types on horizontal axis; (1) No glove, (2) Leather, (3) Mechanics and (4)
Nitrile
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Flexor Carpi Radialis
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Figure 4.3
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Figure 4.4
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Note: Glove types on horizontal axis (1) No glove, (2) Leather, (3) Mechanics and (4)
Nitrile
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Extensor Carpi Radialis
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Figure 4.5
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Figure 4.6
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(1) three‐gallon

Extensor carpi ulnaris mean muscle activity

Note: Glove types on horizontal axis (1) No glove, (2) Leather, (3) Mechanics and (4)
Nitrile
Left and right anterior deltoid (LAD, RAD) muscle activity was higher when
carrying the two one-gallon containers compared with the one three-gallon containers of
identical weight for all glove treatments. This condition was not observed on any of the
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other muscle groups studied. It is assumed that this difference was caused by the different
grip width/type used when carrying to containers vs. one container. This difference was
significant in all cases except the LAD when wearing no glove.
There were no significant differences in middle deltoid (LMD, RMD) muscle
activity caused by glove treatment. RMD muscle activity was significantly higher when
carrying the two one-gallon containers compared with the one three-gallon containers for
the nitrile and no glove treatments. Similar to the anterior deltoid results, RMD activity
was slightly higher than the corresponding LMD activity, regardless of container of glove
treatment. These differences were no significant.
When carrying the one three-gallon containers, there was significantly less RFCR
muscle activity when wearing the mechanics glove vs. the other glove treatments. There
was an observed significant difference between the one three-gallon and two one-gallon
container treatments when wearing the leather, nitrile and no glove options. Use of the
mechanics glove resulted in significantly less LFCR muscle activity compared to the
leather or nitrile glove types when carrying the one three-gallon containers.
Significantly less RECR muscle activity was noted when wearing the mechanics
glove vs the nitrile glove when carrying the single three-gallon containers. All other
RECR differences were not significant. Significantly less LECR muscle activity was
observed when carrying the one three-gallon containers and wearing the mechanics glove
vs either the leather or nitrile gloves. Similar results were noted when carrying the two
one-gallon containers, but were not significant.
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Muscle activation as a percentage of the maximum voluntary exertion (% MVE)
is shown in Figures 4.1-4.6 for all forearm and shoulder muscles included in this study. In
all cases, % MVE is shown as a decimal equivalent between 0.0 and 1.0.
4.5

Gender and height
Results showed that female participants used a significantly higher % MVE for

the RAD and LAD than their male counterparts. The study utilized a limited number of
female participants (n=3). The results of a power test showed that although female
participant sample size was relatively small, the difference in %MVE between male and
female was great enough to yield power analysis scores of 0.92 and 0.83 for the RAD and
LAD respectively (p=0.05).
The height of the table influenced participant RMD and LMD muscle activity as
shorter participants used a higher %MVE of the middle deltoid muscles when lifting
containers to a predetermined location.
4.6

Post Trial Survey
Participants were asked to provide an overall rank for their preference of the four

glove treatments for each of the three container configurations. A 1 through 4 ranking
was given with 1-favorite and 4-least favorite. The ranked preference results are shown in
Figure 4.7.

40

Preferred Glove

4.00

Average Ranking

3.50
3.00
(1) One Gal

2.50

(1) Three Gal
2.00

(2) One Gal

1.50
1.00
No Glove

Figure 4.7

Leather

Nitrile

Mechanics

Participant Ranked Glove Preference

Glove preference was fairly consistent regardless of the container configuration.
There was virtually no difference in glove preference between the leather and no glove
treatments for the three container types. The overwhelming favorite glove type was the
mechanics style. The least favorite choice was the thin nitrile glove. A frequency table
showing the quantity of rank scores for all treatment combinations is shown in Table 4.5.
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Table 4.5

Participant Glove Preference by Container Treatment

Results of a Kruskal-Wallis test indicated that there was a significant difference in
participant preference for gloves depending upon the container configuration. Generally,
participants preferred the mechanics glove to the other three treatments regardless of
container configuration. There was no preference difference between the leather and no
glove options when carrying the three different containers. Results are shown in Table
4.6. Significant differences are highlighted (p ≤ 0.05).
Table 4.6

Chi-square p-values from the Kruskal-Wallis test

Glove Comparison
No glove – Leather
No Glove – Nitrile
No Glove – Mechanics
Leather – Nitrile
Leather – Mechanics
Nitrile – Mechanics

One one-gallon
0.9738
0.0033
< 0.0001
0.0011
< 0.0001
< 0.0001
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Container treatment
One three-gallon
0.7702
0.2855
< 0.0001
0.2456
< 0.0001
< 0.0001

Two one-gallon
0.9742
0.0782
< 0.0001
0.0827
< 0.0001
< 0.0001

4.7

Correlations
The following is a detailed summary of the dependent variable correlations. All

variables were evaluated using the Spearman’s correlation coefficient with significant
correlations being defined as p ≤ 0.001. Variable categories are shown in Table 4.7 and
provide a summary of the correlations. A notation of ‘All’ means that all of the variables
within the category were correlated. “Some’ indicates that at least one variable within
each category were correlated. A positive sign indicates a positive correlation. A negative
sign reflects a negative correlation.
The variable categories are defined as follows:


Left Forearm: LFCR, LFCU, LECR, LECU (Mean % MVE)



Right Forearm: RFCR, RFCU, RECR, RECU (Mean % MVE)



Left Shoulder: LAD, LMD (Mean % MVE)



Right Shoulder: RAD, RMD (Mean % MVE)



Left Hand: LHHL, LHD1L, LHD2L, LHHB, LHHT (Hand
measurements)



Right Hand: RHHL, RHD1L, RHD2L, RHHB, RHHT (Hand
measurements)



Post Survey: Post Trial Survey Questions A through D (VAS survey
responses)

The correlations are discussed in detail in the following sections and detailed
correlation figures are shown in Appendix F.
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Right Shoulder
Activity

Left Shoulder
Activity

Right Forearm
Activity

Post Trial
Survey

Right Hand
Measurements

Left Hand
Measurements

All (+)
All (+)

All (+)

All (+)

All (+)

All (+)

Left Forearm Right Forearm Left Shoulder
Activity
Activity
Activity

Dependent variable correlations

Left Forearm
Activity

Table 4.7
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All (+)

All (+)

All (+)

All (+)

Right
Shoulder
Activity

All (+)

All (-)

Some (-)

Some (-)

Some (-)

All (+)

All (+)

All (-)

Some (-)

Some (-)

Some (-)

Left Hand
Right Hand
Measurements Measurements

All (+)

Some (+)

Some (+)

All (-)

All (-)

All (-)

All (-)

Post-Trial
Survey

4.7.1

Forearm Muscle Activity
There was a positive correlation between the average muscle activity among the

eight forearm muscles. Within the left side, correlations ranged from ρ = 0.605 to ρ =
0.795. Right forearm muscles were positively correlated amongst themselves (ρ = 0.514
to ρ = 0.757). Left forearm muscles were positively correlated with the right forearm
muscles. The strongest of these correlations was between the RFCU and LFCU (ρ =
0.857). Both left and right forearm muscles were positively correlated with left and right
shoulder muscles (ρ = 0.329 to ρ = 0.642). Left forearm muscles had a negative
correlation to both LHHB and LHHT; the strongest correlation being between LECR and
LHHB with a coefficient of ρ = 0.472. Right forearm muscles had a negative correlation
to RHHB, RHHT and in some cases, RHHL (ρ = -0.264 to ρ = -0.459). All right and left
forearm muscles had a negative correlation with the VAS responses in the post-trial
surveys and are described in more detail in a following section.
4.7.2

Shoulder Muscle Activity
The average shoulder muscle activity showed a positive correlation with each

other for all 4 shoulder muscles. The strongest correlation was seen between the RAD
and LAD (ρ = 0.889). Other correlations ranged from ρ = 0.617 to 0.728. The four
shoulder muscles had a positive correlation with the eight forearm muscles studied.
Correlation coefficients ranged from ρ = 0.329 to 0.642. Shoulder muscles, like the
forearm muscles were negatively correlated to some of the anthropometric
measurements. Shoulder activity had a negative correlation with the post trial survey
responses (ρ = -0.284 to ρ = -0.503).
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4.7.3

Anthropometric Measurements
All hand measurements for both left and right hands showed a positive correlation

with each other. The correlations ranged from ρ = 0.207 to ρ = 0.971 with the strongest
correlation being between the LHHL and the RHHL. Hand measurements showed a
positive correlation with the post-trial survey VAS responses. Right hand breadth
(RHHB) had a significant positive correlation with all four question responses (ρ = 0.168
to ρ = 0.240). Other measurements showed a mix of positive correlations with a few
being significant.
4.7.4

Post Trial Survey
All VAS responses had a very strong correlation among each other. Coefficients

ranged from ρ = 0.788 to ρ = 0.938. All responses were significantly negatively
correlated with muscle activity across all twelve muscles studied. Responses correlated
with the LAD muscle with a range of ρ = -0.296 to ρ = -0.338. The RAD correlation was
similar to the left (ρ = -0.299 to ρ = -0.314). The correlation between the responses and
the left and right middle deltoid muscles (LMD, RMD) was slightly stronger than the
anterior correlation mentioned above. (ρ = -0.283 to ρ = -0.503). The LECR and RECR
activity decreased significantly as survey responses increased. The correlation was
significant in both cases (ρ = -0.356 to ρ = -0.541). Similarly, the LECU and RECU
average activity was significantly correlated with the four survey responses (ρ = -0.228 to
ρ = -0.376). The correlation between the LFCR / RFCR and the responses ranged from ρ
= -0.327 to ρ = -0.478). Survey responses and the activity for the LFCU and RFCU
muscles were correlated between ρ = -0.334 and ρ = -0.463.
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CHAPTER V
DISCUSSION

5.1

Hypothesis review
A review of the hypotheses presented resulted in partial validation. Use of

different glove types did show some significant differences in several of the twelve
muscles studied. Differences were noted mainly in the left and right flexor and extensor
carpi radialis muscles. In some cases, use of the leather glove did result in higher muscle
activation when compared to other glove types, while the mechanics glove yielded less
average activation vs. other gloves in some instances. The glove type had no significant
influence over the shoulder muscles evaluated. In some cases, the observed %MVE was
higher on the right side than the corresponding left muscle. In only one case was this
significant; the LECR had a significantly higher %MVE than the RECR.
The hypothesis that different container weights would influence the effect that
glove type had on muscle activation could not be rejected. Trials in which the single onegallon containers were moved resulted in no significant difference in muscle activation,
regardless of the glove type worn. All significant differences in forearm muscle
activation were noted with the higher weight container scenarios.
Muscle activation among the forearm muscles was not influenced by gender in
this study. However, both the left and right anterior deltoid muscles both showed a
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relationship to gender, with females using a significantly higher percentage of the MVE
for these two muscles when compared to the study males.
The hypothesis that muscle activity would be influenced by hand size was
partially validated. As discussed prior, activity for several forearm muscles were strongly
negatively correlated with hand thickness and hand breath. The referenced study which
helped to support this hypothesis (Dempsey and Ayoub, 1996) focused on a difference in
maximum grip strength and it seems that the same may be true at lesser muscle activation
levels.
It was hypothesized that container configuration would influence muscle
activation regardless of glove type because of the difference in pinch width and/or pinch
type. When comparing the one three-gallon container to the two one-gallon container
scenarios (which both weighed the same), it was noted that the left and right anterior
deltoid muscles showed a significant difference in activation caused solely by container
configuration with less shoulder activation seen when carrying the one three-gallon
containers. In addition, the right flexor carpi radialis muscle also showed a significant
difference based on container configuration when wearing the thin nitrile glove, leather
glove or the no glove options resulting in higher %MVE when carrying the one threegallon containers. Interestingly, use of the mechanics glove resulted in virtually the same
RFCR muscle activation when carrying either of these larger pot configurations. It should
be noted that although, overall, there was little significant difference in muscle activation
caused by this difference in container configuration, participant perception of task ease
and glove comfort was significantly higher when carrying the two one-gallon containers.
To illustrate the difference in pinch width/type, examples of the technique used when
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carrying the two one-gallon containers or one three-gallon container are shown in Figure
5.1.

Figure 5.1

Technique for carrying one one-gallon vs. two one-gallon containers.

The hypothesis that there would be a gender-based difference between measured
dominant / non-dominant forearm muscle activity when performing the same function
regardless of the level of hand protection could not be verified, as the three females in the
study were right hand dominant.
Participant height was a significant factor for the mean activation of both the left
and right middle deltoid muscles. As noted by Perotto (2011), the middle deltoid muscle
serves as an abductor muscle when lifting. This seems logical when considering the
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motion of lifting the weighted containers and placing on a table. Shorter participants were
required to raise the level of the containers higher when placing on the 32” tall table.
An interesting observation was that in some cases where forearm muscle
activation was reduced as a result of glove treatment, corresponding shoulder activity
showed an increase in %MVE. Although this increase wasn’t significant, the specific
cause is not known.
5.2

Participant perception
Post trial survey data were positively correlated very closely. Multiple questions

were asked to determine if the participants had a perceived difference in their ability to
continue the same study for a longer period or travel a greater distance. There were only
small differences in the responses to these questions. Participant-ranked glove
preferences showed a strong preference for the mechanics glove, regardless of the pot
configuration. Although muscle activation data showed no significant difference tied to
glove type when carrying the single one gallon container, participants preferred this glove
across the three pot configurations. Participants identified a perceived difference in
comfort and effort when carrying the two one-gallon containers vs the one three-gallon
containers of the same weight during the nitrile and no glove treatments.
Although the mechanics style glove was similar in thickness to the leather glove,
participants overwhelmingly preferred it over the leather glove. It is hypothesized that
this may have been due an overall difference in comfort between these two glove styles
with the mechanics glove providing a seemingly better fit on the hand. This is supported
by unsolicited verbal indications given by most of the participants.
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5.3

Limitations
Limitations could have included equipment issues inherent with surface EMG

studies (Knorad, 2006) such as noise and artifacts associated with wire sway and other
equipment located nearby. Although an effort was mode to account for and mitigate these
issues by proper application of electrodes, securing wires and post processing of raw
data, EMG signals could have been effected nonetheless. When compared to actual
nursery conditions, this study had the advantage of a controlled environment/lab setting
which allowed the participants to not be influenced by factors such as heat/cold,
inclement weather or terrain issues. Two container configurations were used in this study
that represented a majority of pot sizes used in the target industry. However, many unique
pot designs and sizes exist and use of these various container styles could yield different
results. The containers were weighted and filled with common nursery growing media,
but they did not actually have plants included. It’s possible that actually moving
containers with plants may yield different results; particularly plants with either large
canopies or inherent hazards (i.e. roses).
The participant demographic was not indicative of a typical nursery workforce.
Although each participant was given a brief opportunity to practice lifting and moving
the containers prior to data gathering, limited experience and training when carrying
items such as these containers could have influenced the study.
5.4

Future directions
This study has shown that in certain cases, glove type can influence muscle

activity when moving small nursery plant containers. Future research could investigate
the effects of additional glove types; perhaps various models/styles of the mechanic
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gloves which offered some reduction in muscle activity in certain cases. Another avenue
for potential study is in the area of pot/container design. It was noted during the trials that
as participants became possibly fatigued, the containers would start to slip out of their
grasp. Perhaps use of a container design, which includes a more pronounced top lip,
would influence the level of muscle use. Appropriate economic analyses could
accompany this research to include factors such as container cost, worker perception and
potential throughput effects in the decision model.
An additional area which could be researched would be how the use of certain
devices, such as mechanical grippers, to allow workers to use a different grip/method
when moving these containers, might influence the overall effort required by the worker.
As mentioned in the previous section, this study was conducted in a lab environment.
There exists an opportunity for a field study to be conducted, which may yield different
results when actual environmental conditions are included.
5.5

Contributions
Previous studies have examined the effects that gloves have on factors such as

total grip force. These studies overwhelmingly look at activities performed under
maximum effort conditions. This study attempted to examine the effects that glove choice
has on worker muscle activation when lifting and moving specific items in an attempt to
identify a glove type that could result in reduced worker effort. This study was focused
on a specific industry, product and process. The results of this research show that there is
an effect related to glove type in relation to a reduction in activation of particular forearm
muscles when moving these small nursery containers. In addition, there is a user
perception that glove has an effect on level of effort and comfort when performing these
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tasks, even in cases when the muscle data show little significant effect. Having this
knowledge, the nursery industry, particularly the small container focused operations,
would be well served to offer a type of grip assist mechanics style glove to the workers
performing these container movement tasks.
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APPENDIX B
POST TRIAL SURVEY
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The Effects on Muscle Activation while Moving Small Containerized Plants
Post Trial Survey
Principal Investigator: Scott A. Langlois
Additional Investigator/Advisor: Dr. Kari Babski-Reeves
Instructions: Please read the statement and rate your response with one mark on
the horizontal scale.
Strongly
Disagree

Strongly
Agree

Participant # - __________
Strongly
Disagree

When wearing no glove…
1. The single 6 lb containers were easy to carry
a. I felt like I could have continued the
activity for several more minutes
without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my hands
2. The double 6 lb containers were easy to carry
a. I felt like I could have continued the
activity for several more minutes
without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my hands
3. The single 12 lb containers were easy to
carry
a. I felt like I could have continued the
activity for several more minutes
without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my hands
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Strongly
Agree

When wearing the leather glove…

Strongly
Disagree

4. The single 6 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
5. The double 6 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
6. The single 12 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
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Strongly
Agree

When wearing the thin glove…

Strongly
Disagree

7. The single 6 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
8. The double 6 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
9. The single 12 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
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Strongly
Agree

When wearing the mechanics glove…

Strongly
Disagree

10. The single 6 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
11. The double 6 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands
12. The single 12 lb containers were easy to
carry
a. I felt like I could have continued
the activity for several more
minutes without becoming tired
b. I felt like I could have carried the
containers for a longer distance
c. The containers felt secure in my
hands

Strongly
Agree

Rank 1-4 (1 favorite, 4 least favorite)

Please rank your preference for hand
treatment…
a. When carrying the single 6 lb
containers

No Glove
Thick Leather Glove
Thin Glove
Mechanics Glove

b. When carrying the double 6 lb
containers

No Glove
Thick Leather Glove
Thin Glove
Mechanics Glove

c. When carrying the single 12 lb
containers

No Glove
Thick Leather Glove
Thin Glove
Mechanics Glove
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APPENDIX C
DEMOGRAPHIC AND MUSCULOSKELETAL SURVEY
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67

68

Anthropometric Data

(Continued)
Left Hand

Right Hand

Mechanics ________

Rubber/Nitrile ________

Leather ________

Glove Size

APPENDIX D
SHAPIRO-WILKS TEST FOR NORMALITY
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Glove
1
Pot 2
Trial 2
0.0648
0.0550
0.6978
0.5025
0.4654
0.8213
0.0280
0.8126
0.4242
0.8550
0.3367
0.4822
0.0628
0.0200
0.1073
0.1929

Glove
1
Pot 1
Trial 1
0.2903
0.1109
0.0981
0.4734
0.8691
0.0650
0.6603
0.9988
0.7961
0.5831
0.7984
0.0506
0.0407
0.0232
0.0086
0.0367

RAD
RMD
RFCR
RFCU
RECR
RECU
LAD
LMD
LFCR
LFCU
LECR
LECU
Post_Question_A
Post_Question_B
Post_Question_C
Post_Question_D

0.0770
0.4542
0.6810
0.6401
0.0905
0.0706
0.1587
0.1240
0.4453
0.4255
0.7960
0.5702
0.0272
0.0099
0.0119
0.0071

Glove
1
Pot 3
Trial 3
0.8088
0.2756
0.8577
0.9542
0.0115
0.6553
0.7201
0.8336
0.0363
0.1922
0.5662
0.4250
0.0010
0.0018
0.0011
0.0021

Glove
2
Pot 1
Trial 4

P-values for Shapiro-Wilks Test

Dependent
Variable

Table D.1
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0.5712
0.2304
0.4972
0.8047
0.0196
0.1998
0.1505
0.8363
0.9737
0.2641
0.4072
0.9046
0.0690
0.0201
0.0655
0.1461

Glove
2
Pot 2
Trial 5
0.3146
0.1897
0.9858
0.5046
0.1807
0.7243
0.3209
0.4610
0.2181
0.7435
0.5904
0.4083
0.0071
0.0333
0.0186
0.1302

Glove
2
Pot 3
Trial 6
0.3211
0.6340
0.7058
0.3566
0.5526
0.1709
0.2233
0.1333
0.3142
0.1346
0.2695
0.6315
0.0369
0.0414
0.0348
0.0200

Glove
3
Pot 1
Trial 7
0.1060
0.1407
0.0760
0.2412
0.0180
0.0961
0.4471
0.9357
0.9016
0.4332
0.2417
0.5619
0.1064
0.0561
0.0690
0.1388

Glove
3
Pot 2
Trial 8
0.1163
0.3850
0.9826
0.9054
0.4217
0.9811
0.0127
0.5060
0.0242
0.8940
0.2715
0.4457
0.0558
0.0106
0.0079
0.0166

Glove
3
Pot3
Trial 9

Glove
4
Pot 1
Trial
10
0.5554
0.7341
0.2240
0.9150
0.4925
0.9667
0.4333
0.6685
0.6975
0.1330
0.4698
0.8057
0.0369
0.1006
0.0008
0.0050
Glove
4
Pot 2
Trial
11
0.1219
0.3156
0.6706
0.5363
0.9534
0.7719
0.1975
0.9930
0.9183
0.3138
0.9802
0.9343
0.1400
0.3310
0.0092
0.0912

Glove
4
Pot 3
Trial
12
0.1614
0.4236
0.7301
0.9619
0.7074
0.6891
0.9290
0.9847
0.4067
0.1023
0.7086
0.3940
0.0299
0.0460
0.0078
0.0016

100%
100%
100%
100%
75%
100%
83%
100%
83%
100%
100%
100%
42%
25%
25%
42%

%
Normal
Trials

APPENDIX E
PINCH WIDTH MEANS COMPARISON
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Table E.1

Pinch width means, no-glove treatment

Dependent
Variable
RAD mean

Two 1‐Gal Pots
No Glove
0.0811 (0.0626)a

One 3‐Gal Pot
No Glove
0.0603 (0.0586)b

RMD mean

0.0956 (0.0440)a

0.0878 (0.0525)b

RFCR mean

0.1207 (0.1137)a

0.1444 (0.0999)b

RFCU mean

0.0930 (0.0769)a

0.1092 (0.0842)a

RECR mean

0.2386 (0.1506)a

0.2258 (0.1273)a

RECU mean

0.1841 (0.1371)a

0.1985 (0.1467)a

LAD mean

0.0621 (0.0342)a

0.0478 (0.0452)a

LMD mean

0.0833 (0.0367)a

0.0807 (0.0566)a

LFCR mean

0.1058 (0.0790)a

0.1275 (0.1232)a

LFCU mean

0.1036 (0.0818)a

0.1139 (0.1152)a

LECR mean

0.2138 (0.1199)a

0.1953 (0.1148)a

LECU mean

0.1446 (0.1047)a

0.1495 (0.0996)a

Post Survey ‘A’

2.9175 (0.8489)a

2.5300 (0.9900)b

Post Survey ‘B’

2.9158 (0.9204)a

2.4813 (1.1693)b

Post Survey ‘C’

2.7217 (1.1129)a

2.4750 (1.1027)a

Post Survey ‘D’

2.6567 (1.1195)a

2.1517 (1.0946)b

Note: Means which are significantly different in rows are designated by a different letter
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Table E.2

Pinch width means, leather-glove treatment

Dependent
Variable
RAD mean

Two 1‐Gal Pots
Leather
0.0873 (0.0803)a

One 3‐Gal Pot
Leather
0.0609 (0.0593)b

RMD mean

0.0939 (0.0630)a

0.0929 (0.0625)a

RFCR mean

0.1132 (0.0945)a

0.1435 (0.0907)b

RFCU mean

0.1109 (0.1051)a

0.1118 (0.0932)a

RECR mean

0.2339 (0.1590)a

0.2345 (0.1839)a

RECU mean

0.1703 (0.1351)a

0.1769 (0.1592)a

LAD mean

0.0729 (0.0633)a

0.0531 (0.0587)b

LMD mean

0.0893 (0.0599)a

0.0872 (0.0619)a

LFCR mean

0.1194 (0.1317)a

0.1339 (0.1117)a

LFCU mean

0.0956 (0.0691)a

0.1074 (0.0822)a

LECR mean

0.1908 (0.0876)a

0.2051 (0.1379)a

LECU mean

0.1544 (0.1295)a

0.1450 (0.1169)a

Post Survey ‘A’

2.6770 (1.1904)a

2.3817 (1.1594)a

Post Survey ‘B’

2.7500 (1.0470)a

2.4863 (1.2307)a

Post Survey ‘C’

2.6126 (1.1847)a

2.3175 (1.2326)a

Post Survey ‘D’

2.2626 (1.2027)a

2.1192 (1.2609)a

Note: Means which are significantly different in rows are designated by a different letter
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Table E.3

Pinch width means, mechanics-glove treatment

Dependent
Variable
RAD mean

Two 1‐Gal Pots
Mechanics
0.0801 (0.0731)a

One 3‐Gal Pot
Mechanics
0.0643 (0.0587)b

RMD mean

0.0979 (0.0554)a

0.0946 (0.0538)a

RFCR mean

0.1161 (0.1109)a

0.1165 (0.0778)a

RFCU mean

0.0914 (0.0645)a

0.0902 (0.0687)a

RECR mean

0.2236 (0.1519)a

0.1933 (0.1154)a

RECU mean

0.1691 (0.1253)a

0.1573 (0.1268)a

LAD mean

0.0687 (0.0639)a

0.0517 (0.0401)b

LMD mean

0.0928 (0.0684)a

0.0836 (0.0501)a

LFCR mean

0.1010 (0.0954)a

0.1026 (0.0785)a

LFCU mean

0.0937 (0.0763)a

0.1091 (0.1100)a

LECR mean

0.1865 (0.1132)a

0.1738 (0.1010)a

LECU mean

0.1458 (0.0977)a

0.1264 (0.0818)a

Post Survey ‘A’

3.0758 (0.6717)a

2.9317 (0.6681)a

Post Survey ‘B’

2.9233 (0.9125)a

2.8496 (0.9285)a

Post Survey ‘C’

2.9954 (0.8924)a

2.8067 (0.9930)a

Post Survey ‘D’

3.1754 (0.5917)a

3.1192 (0.5870)a

Note: Means which are significantly different in rows are designated by a different letter
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Table E.4

Pinch width means, nitrile-glove treatment

Dependent
Variable
RAD mean

Two 1‐Gal Pots
Nitrile
0.0840 (0.0694)a

One 3‐Gal Pot
Nitrile
0.0618 (0.0555)b

RMD mean

0.1069 (0.0707)a

0.0914 (0.0563)b

RFCR mean

0.1333 (0.1165)a

0.1741 (0.1378)b

RFCU mean

0.1047 (0.0935)a

0.1040 (0.0811)a

RECR mean

0.2442 (0.1503)a

0.2417 (0.1168)a

RECU mean

0.1776 (0.1100)a

0.1541 (0.1044)a

LAD mean

0.0680 (0.0506)a

0.0511 (0.0441)b

LMD mean

0.0897 (0.0507)a

0.0800 (0.0521)b

LFCR mean

0.1154 (0.0936)a

0.1299 (0.0929)a

LFCU mean

0.1078 (0.0809)a

0.1174 (0.1304)a

LECR mean

0.2185 (0.1320)a

0.2279 (0.1420)a

LECU mean

0.1559 (0.1214)a

0.1356 (0.0887)a

Post Survey ‘A’

2.8413 (0.9067)a

2.4100 (1.0099)b

Post Survey ‘B’

2.7625 (0.9402)a

2.5179 (0.9826)a

Post Survey ‘C’

2.7571 (1.0392)a

2.2733 (1.2515)b

Post Survey ‘D’

2.4958 (1.1063)a

1.8950 (1.1725)b

Note: Means which are significantly different in rows are designated by a different letter
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APPENDIX F
VARIABLE CORRELATIONS
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Table F.1
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Variable correlations (Spearman correlation coefficients)

Table F.1 (Continued)

Note: Spearman correlation coefficients rounded to two decimal places. Highlighted cells are significant at p≤0.0001.
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