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“Human factor

Executive summary

errors are mistakes

Research suggests that as much as 80 percent of all workplace accidents
are due to “human factor errors” — mistakes in judgment and perception
that lead to injury. Human factor errors come in many forms, ranging from
fatigue and stress to distraction and complacency. But on this point most
researchers agree: lack of communication is the single biggest human error
and a contributing factor to almost all occupational accidents.

in judgment that
lead to accidents
and injuries. Of all
the human factor
errors, lack of
communication is
the number one
mistake.”

Arboriculture shares a similar risk profile to that of logging — generally
regarded as one of the 10 most dangerous job in the United States.
Loggers and arboriculturists use similar equipment, and both face threats
from dangerous machinery, heavy falling objects, and constant exposure to
hazardous levels of noise.
Much attention has been paid to the need for hearing protection in the
arboricultural workplace, but conventional forms of personal protective
equipment, such as earmuffs, carry with them an entirely different set of
risks. Earmuffs protect against the potentially damaging effects of noisy
equipment, but they also make it difficult for workers to communicate with
each other. And in an environment where a real-time verbal warning can
spell the difference between life and death, any delay in communication
can have tragic consequences.
This white paper presents a simple, four-point framework for understanding and avoiding human factor errors on the job:
1. Most accidents are due to human error, not faulty equipment or other
external factors.
2. Lack of communication is the single biggest cause of human error.
3. Hearing protection alone is insufficient to create a safe working
environment.
4. Enabling clear, continuous, and hands-free communication is the most
important step you can take to ensure a safe workplace.
After showing how this framework applies to arboriculture, we explore
how wireless communication headsets fulfill these requirements and
conclude with a buyer’s guide for those considering purchase of a system.

Learn more
about us

Sonetics designs and manufactures wireless communication products for a wide variety of challenging environments.
Together with its Firecom and Flightcom divisions, Sonetics helps more than half a million customers in 90 countries
solve their toughest communication problems. Visit www.soneticscorp.com or call 800-833-4558 for more information.
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“Arboriculture shares
a similar hazard
profile to that of
logging, which is

C

lear communication is essential for creating a safe and productive
workplace. This is especially true in the arboricultural industry,
where work crews not only struggle to hear and be heard over
noisy machinery, but must contend with a wide variety of hazards,
including exposure to overhead power lines, falling branches and tools,
and faulty safety equipment.1 In these situations, a missed or
misunderstood warning can have serious or even fatal consequences.

generally regarded
as the second most
dangerous
occupation in the
United States.”

Arboriculture shares a similar hazard profile to that of logging, which is
generally regarded as the second most dangerous occupation in the United
States.2 Loggers and arboriculturists use similar equipment, and both face
threats from dangerous machinery and heavy falling objects.3 A 2009 study
by the North Carolina Department of Labor found a nearly complete
overlap between the most common health and safety citations issued for
logging and those issued for arboriculture, particularly for failure to employ
appropriate personal protective equipment.4
Safety specialist Gordon Dupont has devoted his career to investigating
the root causes of accidents in the workplace. His famed “Dirty Dozen” list
of human factor errors have been adopted as a model for occupational
safety and health in industries ranging from aircraft maintenance to
medicine.5 “Human factor errors” are mistakes in judgment and perception
that, while unintentional, lead to accidents and injuries. Of the 12 human
factor errors that Dupont cites, “lack of communication” is the number
one mistake that causes accidents.6 Interruptions in communication can
1
OSHA Safety and Health Topics: Landscape and Horticultural Services. http://
www.osha.gov/SLTC/landscaping/index.html.
2
Commercial fishing usually tops the list of dangerous occupations. See: G. Tuscano,
“Dangerous Jobs,” Compensation and Working Conditions (Summer 1997): 57-60; and M.
O’Rourke, “America’s Deadliest Jobs,” Risk Management (October 2011): 58.
3
J. Smith, “America’s Deadliest Jobs,” Forbes (September 20, 2012): 5.
4
North Carolina Department of Labor, Most Serious OSH Violations in Logging and
Aboriculture for 2009. (Brochure) http://digital.ncdcr.gov/cdm/compoundobject/collection/
p249901coll22/id/206375/rec/4
5
Transport Canada, Human Performance Factors for Elementary Work and Servicing,
(2003) www.skybrary.aero/bookshelf/books/2038.pdf

4

Communication & Safety in the Arboricultural Workplace | www.soneticscorp.com | 800.833.4558

cause orders to be misinterpreted, improperly carried out, or completely
missed. Simply put, if crew members do not — or cannot — exchange
information, the stage is set for an accident to occur.
Arboricultural operations present a difficult problem: how to protect
workers from noise-induced hearing loss while still allowing them to hear
each other. In the past, tree care professionals have had few choices for
communicating on the job and even fewer choices for hearing protection.
Earplugs protect hearing, but make it even harder to communicate.
Communication typically takes place by shouting, hand signals, or walkietalkies. Each of these “solutions” has serious drawbacks. Shouting can
cause dangerous misunderstandings. Hand signals require line-of-sight
visibility, can easily be misinterpreted, and are virtually useless at night or
during inclement weather. Walkie-talkies enable direct communication,
but do nothing to protect hearing, and also require a free hand for
operation. As a result, communication during arboricultural operations is
often unreliable, haphazard, and ambiguous.

“Arboricultural
operations present
a difficult problem:
how to protect
workers from noiseinduced hearing
loss while still
allowing them to
hear each other.”

Arboriculture and landscaping:
Noisier and more dangerous than you think
Although arboriculture is not necessarily the “noisiest” occupation, tree
care professionals are exposed to dangerous levels of noise every day and
thus face a constant risk of noise-induced hearing loss. The National
Institute for Occupational Safety and Health estimates that approximately
30 million American workers are exposed to hazardous levels of noise on
the job.7 According to a recent study by the Better Hearing Institute,
people with untreated hearing loss lose as much as $30,000 in income
annually – or approximately $176 billion overall.8
The International Society of Aboriculture has adopted consensus
standards for safety, compiled in ANSI Standard Z133-2012.9 These
standards provide, among other things, that those engaged in aboricultural
operations should wear appropriate hearing protection when the timeweighted noise exposure equals or exceeds 85 dbA in an 8-hour period

6
The other factors are: complacency, lack of knowledge, distraction, lack of teamwork,
fatigue, lack of resources, pressure, lack of assertiveness, stress, lack of awareness, and
norms.
7
National Institute for Occupational Safety and Health, “Work-related hearing loss,”
NIOSH Publication Number 2001-103, 2001. www.cdc.gov/niosh/docs/2001
8
Better Hearing Institute, “New study reveals financial dangers of leaving hearing loss
unaddressed,” (February 198 2011). www.betterhearing.org/press/news
9
Available from the International Society of Arboriculture, P.O. Box 3129, Champaign,
IL 61826-3129, www.isa-arbor.com
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(§3.48). This recommendation has also been adopted by the
Occupational Safety and Health Administration as a requirement
in the workplace.10 As shown in Table 1, the equipment used in
the aboricultural and landscaping environment routinely exceeds
that level; hence, the need for hearing protection.
It is important to note that the decibel scale is logarithmic,
ranging from 0 (lowest detectable sound) to 194 (loudest
theoretically possible sound). Each increase of 10 decibels doubles
the perceived volume of sound. Thus, an increase of 20 decibels
will sound four times as loud; an increase of 30 decibels will sound
eight times as loud, and so on. To put the scale into perspective, a
ticking watch emits 20 decibels; normal conversation takes place
at around 65 decibels; a passing motorcycle emits 100 decibels; a
rock concert averages 120 decibels; and a gun blast from 100 feet
away emits 140 decibels. The human pain threshold is typically
around 110 decibels and sounds above 150 decibels (such as a jet
engine) can puncture the eardrum. Most listeners can detect a
substantial difference of even one decibel.
Four things every employer and employee
must know to avoid human factor errors
Whether you are an employer or an employee, the responsibility
for maintaining a safe and productive work environment is
everyone’s business. Research shows the following four elements
are crucial to achieving that goal.

Table 1
Noise Levels in Arboriculture and Landscaping
Equipment/activity

Average dB level

Notching stumps

83

a

Backhoe

89

b

Truck, 20 ton

92

Air compressor

95

d

Tree felling

98

e

Wood chipper

99

Lawnmower

99

g

Mobile crane

99

h

Bedding chopper

102

Chain saw

110

c

f

i

j

a
R. Neitzel and M. Yost, “Task-based assessment of
occupational vibration and noise exposures in forestry
workers,” American Industrial Hygiene Association Journal
(2002): 617-627.
b
N. Seixas and R. Neitzel, Noise exposure and hearing
protection device use among construction workers in
Washington state. University of Washington Department
of Environmental and Occupational Health Sciences
Report (2004).
c
R.A. Dobie, Medical-Legal Evaluation of Hearing Loss.
Van Nostrand Reinhold, New York, NY, 341-346 (1993).
d
E. Berger, et al., Noise Navigator sound level database
(2010). Retrieved from www.e-a-r.com/pdf/hearingcons/
Noise_Nav.xls. Sounds are based on average decibels
reported in published research studies.
e
Neitzel and Yost.
f
Berger, et al.
g
Berger, et al.
h
J.D. Sinclair and W.O. Haflidson, “Construction noise
in Ontario,” Applied Occupational and Environmental
Hygiene (1995): 457-60.
i
W.S. Beckett, et al., “Hearing Conservation for
Farmers: Source Apportionment of Occupational and
Environmental Factors Contributing to Hearing Loss,”
Journal of Occupational and Environmental Medicine
(2000): 806-813.
j
M.E. Marvel, et al., “Occupational Hearing Loss in
New York Dairy Farmers,” American Journal of Industrial
Medicine (1991): 517-531.

•

Most accidents are due to human error, not faulty
equipment or other external factors. While equipment
failure can certainly contribute to accidents, research in
occupational safety suggests that as much as 80 percent of all
accidents are due to human error.11

•

Lack of communication is the single biggest cause of human error. Interruptions in communication can
cause orders to be misinterpreted, improperly carried out, or completely missed. Simply put, if crew members
do not — or cannot — exchange information, the stage is set for an accident to occur.

10
Occupational Safety and Health Administration, “ Occupational safety and health standards – Occupational noise exposure.” 29
C.F.R. 1910.95, www.osha.gov/pls/oshaweb
11
E. Salas and D. Marino, Eds. Human Factors in Aviation. Boston, MA: Academic Press (2010), p. 302.
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•

•

Hearing protection alone is insufficient to create a safe working
environment. Ironically, while conventional forms of hearing
protection may prevent noise-induced hearing loss, they actually make
it more difficult for crew members to communicate with each other.
Passive forms of hearing protection, such as earplugs or earmuffs, can
reduce situational awareness and prevent crew members from hearing
a warning or a critical instruction. A safe work environment can only
be achieved if workers can communicate without having to remove
their personal protective equipment.

“Hearing protection

Enabling clear, continuous, and hands-free communication is the
most important step you can take to ensure a safe workplace.
Inherently dangerous jobs, such as arboriculture, require that workers

only be achieved if

be able to communicate as easily as if they were in an office or talking
on the telephone. To maintain a safe working environment, verbal
warnings must be delivered in real time and instructions must be
understood by all during the performance of shared tasks.

communicate

Wireless communication headsets
Recent advancements in technology provide a solution to the human
factors problem in the form of portable wireless headset systems (Figure 1).
Wireless headsets reduce background noise and allow work crews to
communicate clearly, even on opposite sides of a work site. Headsets fit
completely over the ear for hearing protection and are outfitted with a
boom microphone and ear speakers to allow hands-free voice transmission
and reception through a mobile base station using a wireless signal. In
more advanced systems, the local audio network itself can be connected to
a two-way radio, allowing communication with remote users, such as
headquarters or crews working at other locations.

alone is insufficient
to create a safe
work environment.
A safe work
environment can
workers can
without having to
remove their
personal protective
equipment.”

FIGURE 1
Sonetics Four-Person Portable Communication System
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Remote users
Max. 1600’

Wireless communication headsets are rapidly becoming
the best practice for simultaneously protecting hearing
and enabling communication in high-noise environments.
Headsets can reduce ambient noise exposure by 20 to 30
decibels, ensuring voice transmissions can be heard
clearly and allowing teams of almost any size to
communicate easily. Simply stated, wireless headsets ensure
all members of a work team can hear and be heard. Properly
designed and configured, they also leave the wearer’s
hands free and allow unrestricted movement around the
worksite.

Optional twoway radio
connection

ComHub

Local audio network
Max. 1600 ft. radius
ComHub to headsets
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“Simply stated,
wireless headsets
ensure all members
of a work team can

Buyer’s guide to wireless headset systems
Wireless headset systems are available in a wide variety of configurations
and price ranges. To ensure a particular system meets your needs, consider
the following factors carefully.
•

Is the system truly wireless? A number of so-called “wireless” systems
actually require a wire from the headset to a radio or belt pack,
creating many of the same problems inherent in hardwired systems,
particularly tangled cords. Moreover, belt packs generally have less
transmission range than systems worn on the head.

•

How knowledgeable is the dealer and what kind of training and
support does he or she receive from the manufacturer? The dealer
from whom you purchase your system is a critical link in ensuring you
receive support after the sale and that the final solution meets your
needs. Look at the dealer’s longevity and reputation in the industry
and do not hesitate to ask for references.

•

Is the system DECT or Bluetooth? DECT technology offers up to 30
times the coverage area of Bluetooth and is less subject to interference
in the 30MHz - 1.8GHz spectrum. Systems that employ Bluetooth
have a limited range and are subject to interference from nearby
communication devices, especially those operating on the 2.4 GHz or
5 GHz channels. DECT transmissions also have multipath capability,
meaning that the signal will bounce up, over, and around objects in
order to establish the best possible connection. For enhanced security,
DECT signals are digitally encoded to ensure privacy.

•

Is the system full-duplex or half-duplex? Half-duplex systems allow
communication in both directions, but only one direction at a time,
similar to a walkie-talkie. Once a party begins transmitting, all other
transmissions are “locked out” until the first transmission is over. Fullduplex systems allow communication in both directions
simultaneously, similar to a telephone call. Full-duplex capability is an
important safety consideration because it allows the parties to speak
and hear others at the same time.

•

Is the system radio-compatible? Wireless systems should have the
capability of interfacing with mobile radios to allow communication
with remote users. Given the large number of radio makes and models
available, look for a system with maximum interface flexibility.

hear and be heard.”
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•

Can the duplex capabilities be configured to your
specific needs? To minimize the chance of “crosstalk,” or multiple conversations taking place
simultaneously, the system should allow you to
establish a hierarchy of who can talk to whom —
especially who is allowed to broadcast over the radio.

•

Is the system scalable? As your needs expand, your
wireless system should be able to expand with you.
Systems should accommodate up to 60 users.
Wireless communication headsets allow aboricultural crews to communicate with each other at great heights and distances. This is
especially important in helping crew members avoid the single most
common cause of injury: struck by falling objects.

•

Is the system comfortable to wear and easy to use?
Before purchasing, physically try on a headset. It
should be lightweight and fit snugly, but comfortably, over the ears. If
you are purchasing hard hat-compatible headsets, try one on while
actually wearing a hard hat to ensure a comfortable fit. The controls
should be readily accessible, preferably with a simple push-to-talk
button or toggle-to-talk switch for accessing the radio.

•

What is the system’s Ingress Protection Rating? The Ingress
Protection Rating (IP), is an international standard that rates the
degree of protection against the intrusion of solids and liquids into an
electrical unit. A wireless headset should have a minimum rating of
IP65 when worn. This indicates that the unit is completely impervious
to dust and is capable of withstanding a stream of water for three
minutes without damage to the interior components.

•

What is the range of the system? The greater the range, the more
effective the system will be for your application, since obstacles and
vehicles may reduce range. Look for a minimum 1500-foot line-ofsight transmission capability, bearing in mind that system performance
may deteriorate at the outer limits of the range.

•

What is the Noise Reduction Rating? Noise Reduction Rating
(NRR) is the measurement, in decibels, of how well a hearing
protector reduces noise. While wearing hearing protection, your
exposure to noise is equal to the total noise level minus the
NRR of the hearing protectors. If you were exposed to 95
decibels of noise but were wearing a headset with an NRR of 20,
your actual noise exposure would be 75 decibels. Look for an
NRR of at least 22.
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Sonetics wireless headset
•
•
•
•
•

Professional-grade equipment
Hands-free and wireless — just like a phone call
1600-foot range
Hardhat-compatible
26 decibels of noise reduction
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“Not all wireless

•

What is the operating temperature range? Extreme temperatures can
affect battery life and headset operation. Look for an operating range
of at least -30 to 140 degrees Fahrenheit.

•

Are all components necessary for operation included in the
purchase price? The price you pay should deliver a complete system
that is ready for operation. Accessories such as battery chargers and
charging cables should be included, not “added on” as options.

•

What about warranty and service? Not all wireless headset systems
are equally reliable and durable over the long term. Make sure the
system is designed for use in your operating environment, ask about
warranty, repair, and replacement policies, and try out the
manufacturer’s technical support prior to making a decision. A twoyear limited warranty is standard in the industry and some vendors
provide extended plans of up to five years.

headset systems
are equally reliable
and durable over
the long term.
Make sure the
system is designed
for use in your
operating
environment, and
ask about warranty,
replacement

Wireless headset systems are a safe and convenient method of ensuring
clear communication among arboricultural professionals. Clear
communication is an essential element in every team’s effectiveness and
productivity.

policies.”

It could even save a life.

repair, and

Sonetics Corporation offers a complete line of team communication solutions for
arboricultural and other challenging environments. To learn more, visit:
www.soneticscorp.com, e-mail sales@soneticscorp.com, or call 800.833.4558.
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Sonetics Corporation offers a complete line of team communication solutions
for arboricultural, landscaping, and other challenging environments

7340 Southwest Durham Road • Portland, Oregon 97224 • USA
800.833.4558 • www.soneticscorp.com • sales@soneticscorp.com
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