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Abstract

Background: A number of people living in the vicinity of wind farms are reporting health
complaints they attribute to exposure to sub-audible wind farm sound (infrasound) generated
by wind turbines. A causal link between exposure and symptoms is not indicated by
empirical evidence. Evidence indicates symptom reporting tends to arise in locations where
residents are exposed to misinformation that wind turbine generated infrasound poses health
risks. This suggests that health complaints may be explained by the nocebo effect, whereby
health concerns inform negative expectations which, in turn, trigger symptomatic
experiences. Objective: It was a specific research aim to investigate whether negative
expectations, formed from health warnings about wind farm infrasound, might be providing a
pathway for symptom reporting and noise annoyance in community settings. It was a further
aim to explore whether creating more positive expectations about wind farm sound has the
potential to alleviate symptom reporting and annoyance reactions in wind farm communities.
Method: Research involved a series of experimental studies in which healthy volunteers were
concurrently exposed to infrasound and audible wind farm sound, while variously reporting
on current symptoms, mood, and annoyance reactions, during two exposure sessions.
Expectations about wind farm sound were manipulated prior to exposure sessions. Results:
Exposure to media health warnings, about wind farm sound, triggered symptom reporting and
noise annoyance during simultaneous exposure to infrasound and audible wind farm sound.
However, participants were less likely to experience nocebo responses, if they had been
previously exposed to positive health information about infrasound, or were made aware that
reported symptoms could be explained by the nocebo effect. Further, individuals given
information outlining the possible therapeutic effects of infrasound, reported a significant
reduction in symptoms from baseline, and did not experience noise annoyance, even if they
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were subjectively noise sensitive. Conclusion: Results indicate that negative expectations,
triggered by health warnings about wind farm sound, may be providing a pathway for
symptom reporting in wind farm communities. Overall, findings also indicate that creating
more positive expectations about wind farm sound may ameliorate health complaints and
reduce annoyance reactions in community settings.
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Symptom reporting in wind farm communities: The
evidence examined
Introduction
Recent opposition to wind farms in countries around the world has been founded on
perceived adverse health effects associated with exposure to wind turbine sound, particularly
the sub-audible component of wind farm sound, known as infrasound (Pierpont, 2009).
Mounting community resistance to wind farms, on the basis of concern about health effects,
has severely limited wind farm development in some countries, and has the corresponding
potential to frustrate global renewable energy targets, designed to help mitigate climate
change (Chapman, 2011).

Research Aims
Addressing health complaints, by individuals living near wind farms, has been complicated
by a lack of clarity as to what might be causing reported symptoms. Understanding factors
implicated in symptom reporting is critical to inform decisions about wind farm development.
Further, such research has importance given recent recognition of the need for studies
designed to provide insight into psychological processes that might hinder efforts to mitigate
climate change (Swim et al., 2011). Therefore, it is an underlying aim of this thesis to
examine the evidence about likely causes of symptoms in communities where wind farms are
operating. The research outlined in this thesis looks specifically at psychosocial factors which
might influence symptom reporting, and, in particular, considers whether health complaints
could be explained by the nocebo effect, whereby symptoms are prompted by negative
expectations rather than pathogenic exposure to wind farm sound. Further, it is an
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overarching objective of this thesis to explore potential strategies to reduce health complaints
triggered by negative expectations.
More precisely, it is an objective of this thesis to investigate whether negative
expectations, formed from information about adverse health effects associated with wind
farms, might be providing a pathway for symptom reporting and noise annoyance in
community settings. It is also a specific goal of this thesis to explore whether creating more
positive expectations about wind farm sound has the potential to alleviate symptom reporting
and annoyance reactions in wind farm communities.
Thesis Outline
In pursuit of these aims, chapter one of this thesis briefly sets out background issues relating
to current wind energy production, and outlines recent reports of an association between wind
farms and health complaints. Crucially, chapter one investigates the evidence for a direct
pathophysiological link between exposure to wind farm sound and symptom reporting.
Alternative pathways for health complaints are then considered. Given that the evidence does
not suggest there is a direct link between wind farm sound and reported symptoms, chapter
two puts forward a comprehensive case for the nocebo expectations hypothesis; that
symptoms reported in wind farm communities may be explained by nocebo responses
triggered by negative expectations. Chapter two is essentially presented in the form in which
it was published.
Chapters three to six report on a series of experimental studies conducted to
investigate the power of positive and negative expectations about infrasound to variously
influence reported symptoms, mood and noise annoyance, during simultaneous exposure to
infrasound and audible wind farm sound. Research set out in chapters three through to six are
also presented in manuscript style, in the form in which they were published. In chapter
seven, the main findings of the research are integrated into the broader literature, the
2

strengths and limitations of the research are discussed, theoretical and practical implications
of experimental findings are outlined, and future directions for further research are
considered.
Research Questions
The following research questions are explored in successive chapters of this thesis:
Chapter One: Whether symptom reporting in wind farm communities can be explained by a
direct pathophysiological link between wind farm sound and health complaints.
Chapter Two: Whether the evidence supports the nocebo expectations hypothesis; that
symptom reporting attributed to wind turbine sound exposure can be explained by negative
expectations.
Chapter Three: Whether the prior provision of either positive or negative expectations, about
infrasound exposure, differentially influences symptom and mood reporting, during periods
of exposure to audible and sub-audible wind farm sound.
Chapter Four: Whether symptomatic experiences triggered by negative expectations about
infrasound can be reversed or reduced by the provision of positive expectations about
infrasound.
Chapter Five: Whether symptomatic experiences triggered by negative expectations about
wind farm sound, can be ameliorated by providing an explanation about the likely
involvement of the nocebo response in symptom reporting.
Chapter Six: Whether the provision of negative or positive expectations about wind farm
sound differentially influences noise annoyance reactions, as well as associations between
perceived noise sensitivity and noise annoyance, during exposure to wind farm sound.

3

Wind farms and symptom reporting
Global renewable energy imperatives
There is now an overwhelming scientific consensus about the urgent need to expedite a
worldwide transition to accessible, affordable, and environmentally sustainable energy
sources (Chu & Majumda, 2012; McMichael, Montgomery, & Costello, 2012). To this end
harnessing wind power has become an integral constituent of long term strategies to reduce
reliance on fossil fuels, and to provide security of power supply in countries throughout the
world (Markandya & Wilkinson, 2007). As a results of advancements in the wind energy
sector, there has been a 50-fold global increase in wind energy production since 1996, and
wind power has now emerged as a significant source of electricity generation in more than 70
countries, with the projected capacity to contribute 17-19% of global electricity by 2030
(Cancino-Solorzano, Gutierrez-Trashorras, & Xiberta-Bernat, 2010; Global Wind Energy
Council, 2015; Knopper et al., 2014).
Wind energy has been recently identified by the 2015 Lancet Commission on Health
and Climate Change, as a high impact technology for climate mitigation, the continued
adoption of which is necessary to address climate change, a phenomenon presenting an
unacceptably high and potentially catastrophic risk to human health (Watts et al., 2015).
There are further population health benefits from the transition to wind power, in the form of
reduced illnesses caused or exacerbated by air pollution, and because wind energy production
has the potential to broaden power access to people residing beyond the electricity grid
(Dora, et al., 2015; Haines, Ebi, Smith, & Woodward, 2014).
Community opposition to wind farms
While there is wide public support for wind power in principle, this support does not always
translate into community acceptance of wind farm projects (Graham, Stephenson, & Smith,
2009; Wolsink, 2007). Proposed wind farm construction is often met with vigorous
4

resistance, at the local level, which can hinder wind farm development, exemplified by an
upsurge in opposition to wind farms in the United Kingdom, which has seen rejection rates
for wind farm planning applications increase from 24% in 2009 to 57% in 2014 (Mason,
2014). The factors shown to galvanise community opposition to wind farms include concern
about unsatisfactory aesthetic integration of wind turbines into the landscape; apprehension
about local property depreciation; and worry about wind turbine noise intrusion (Graham et
al., 2009; Sibille, Cloquell-Ballester, Cloquell-Ballester, & Darton, 2009; Wolsink, 2007).
Health complaints
Concern that living in the vicinity of a wind farm poses a risk to human health has recently
emerged as a core predictor of opposition to wind farms (Baxter, Morzaria, & Hirsch, 2013;
Knopper & Ollson, 2011). This concern has its genesis in reports that residents, living within
the vicinity of wind farms, have experienced symptoms such as sleep disturbance, headaches,
earaches, tinnitus, nausea, dizziness, heart palpitations, rapid heart-beat, vibrations within the
body, aching joints, blurred vision, upset stomach, and short term memory difficulties
(McMurtry, 2011; Phillips, 2011). Concern has been further amplified by the suggestion that
vulnerable residents may develop a debilitating condition, known as “wind turbine
syndrome”, involving the consistent experience of a cluster of these non-specific symptoms
(Pierpont, 2009). Health concerns have been reinforced by accounts of adverse health effects
experienced by individuals in countries throughout the world, particularly where wind farms
present a relatively recent form of energy production, such as New Zealand and Australia
(Thorne, 2011); the United Kingdom (Harry, 2007); Canada (Krogh, Gillis, Kouwen, &
Aramini, 2011); and the United States (Pierpont, 2009). Developing strategies to allay health
concerns and alleviate symptoms has been hampered by uncertainty about the causes of
reported health effects. A cross-section of health complaints made within a New Zealand
(West Wind, Wind Farm, Makara New Zealand), and Australian (Waubra Wind Farm,
5

Victoria, Australia), context are summarised from research undertaken by Thorne (2011) in
the table below.
Table 1.1.
A cross-section of symptom complaints from residents living within the vicinity of West WindWind Farm and Wabura Wind Farm
Distance in metres from
Symptom Complaints
residences to nearest
turbines
1,000m

Sleep disturbance, headaches, high blood pressure.

Waubra, Wind Farm
1,000m - 1,200m

Headaches, sickness, frequent sleep disturbance, stress and

Waubra, Wind Farm

distress, ear pressure, loss of balance.

1,250m

Sick feeling, headaches, tight chest, sleep disturbance.

West Wind, Wind Farm
1,700m

Sleep disturbance, nausea, earaches, stress.

West Wind, Wind Farm
1,250m - 3000m

Sleep disturbance, headaches, blood pressure changes, and

Waubra Wind Farm

poor eyesight.

1,500m - 2,500m

Sleep disturbance, headaches affecting eyes and back of

Waubra Wind Farm

the head, tinnitus, blood pressure changes.

2,100m

Sleep disturbance, pressure in the head, headache, tired,

West Wind, Wind Farm

depressed

3,000m - 4,600m

Elevated blood pressure, heart palpitations, ear pressure
and earache, disrupted sleep, headaches, head pressure,
vibration in body, mood swings, problems with

Waubra, Wind Farm

concentration and memory, sleep disturbance.

3,400m - 3,800m

Headaches, ringing in the ears, pressure in ears, heart

Waubra, Wind Farm

palpitations, anxiety attacks, sleep disturbance.

3,500m-4,300m

Headaches, tinnitus, irritability, sleepless nights, lack of

Waubra Wind Farm

concentration, heart palpitations.

The onset of symptoms is often swift, with accounts that symptoms such as vertigo,
dizziness, ear pressure and anxiety can arise almost instantly during a first time visit to a
6

wind farm community (e.g., Rand, Ambrose, & Krogh, 2011). Symptoms are also said to
dissipate once sufferers are away from the environs of a wind farm and recur upon return to
the wind farm locale (McMurtry, 2011). Further, in households where health complaints are
reported, adverse effects often extend to every family member in residence, although the
effects may take a different form (Thorne, 2011). In some cases chronic illnesses and severe
conditions such as diabetes, stroke, and thyroid disorders have been attributed to wind farms
(Chapman, 2015b). The following personal accounts exemplify the kinds of symptoms and
experiences reported:
Since the operation of the … wind farm I have suffered headaches, ear pressure,
tinnitus, severe sleep disturbance and mood swings. All of which living in a tranquil
bush environment I had never experienced before. These symptoms disappear when I
am away from home. The symptoms present themselves again on my return home…
(Personal communication: Krogh, 2011, p. 329).
I have nausea (often) and dizziness (often); significant hearing loss; itchy
eyes; high blood pressure….heart palpitations; achy joints; short-term memory loss;
severe sleep deprivation on a regular basis... I once thought my degenerating health
was part of the natural aging process… I now believe exposure to the turbines
accelerate these processes as well as create other health problems (First person
report: Phillips, 2011, p. 313).
Within twenty minutes…we each experienced unpleasant symptoms of motion
sickness, including ear pressure, headache, nausea, dizziness, vertigo, especially
when moving about….(Report by acousticians S Ambrose and R Rand,: Ambrose,
Rand, & Krogh, 2011, p. 6)

7

Contemporary wind turbines
Technologies to harvest wind energy date back to approximately 200BC, when vertical axis
windmills could be found on the Persian-Afghan borders (Paul, Rahman, & Rahman, 2014).
However, the genesis of the modern wind farm can be traced to the progression from small
scale domestic and agricultural applications to utility interconnected wind farm applications,
from the mid-1970s, prompted in some part by the oil crisis of 1973 (Kaldellis & Zafirakis,
2011). Modern day turbines generally fall within two categories determined by blade
rotation; horizontal axis turbines or vertical axis turbines (Shepherd, 2010).

Most commonly, wind turbines have three blades which rotate on a horizontal axis
around a central hub (New Zealand Wind Energy Association [NZWEA], 2011). The rotation
of the blades drives a generator stationed in the nacelle, located at the highpoint of the tower,
which converts rotational energy into electrical energy using magnetic fields (Figure 1.1).
Turbine size is usually identified by reference to dimension, such as the number of metres
high, or of power output, in Watts. At the present time, turbines range from two metres to two
hundred metres high, with taller wind turbines having proportionately larger blades and,
because wind speeds become faster with increasing height above ground, greater electricity
output (Shepherd, 2010).
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Figure 1.1. Contemporary wind turbine (NZWEA, 2011)

Sound produced by wind turbines
There have been suggestions that the sound produced by wind turbines is a different and
pernicious type of environmental sound which poses health risks, explaining symptom
complaints (Seltenrich, 2014). To assess the validity of the assertion that sound exposure is
responsible for reported symptoms, it is expedient to consider the mechanisms of wind farm
sound, as well as the level of residential exposure to wind farm sound.
Sound: elementary principles
Sound propagates through the air as a sequence of pressure waves. The frequency of waves
per second determines the pitch of a sound and is measured in Hertz (Hz). The level of sound
is determined by the intensity of the pressure wave, and is measured on the logarithmic
9

decibel (dB) scale (Roberts & Roberts, 2009). In terms of loudness, an increase of 10 dB SPL
(Sound Pressure Level) would be perceived as approximately twice as loud as the original
sound (Shepherd, 2010). Human hearing perception typically ranges from 20Hz to 20,000
Hz, although there is a tendency for sensitivity to higher frequencies to diminish with
increasing age (Berglund, Hassmen, & Job, 1996). Low frequency sound below 20 Hz is
known as infrasound (Leventhall, 2007). While infrasound is generally thought of as sound
beneath the low frequency threshold of hearing, infrasound may become audible at
sufficiently high pressure levels (Dommes et al., 2009; Weichenberger et al., 2015).
Sound pressure levels are usually measured with sound level meters fitted with filters
created to imitate the response of the human ear, so that measured sound matches perceived
sound (Roberts & Roberts, 2009). In keeping with most environmental noise assessment,
wind farm sound is typically assessed using an A-weighting filter (dBA), which attenuates
the very high and very low frequencies, to which human hearing is relatively insensitive
(Colby et al., 2009). In relation to the measurement of infrasound, G-weighting (dBG) is
recommended as it follows assumed hearing contours below 20 Hz (Colby et al., 2009).
Notably, studies have verified an audibility threshold limit of 85 dBG for infrasound,
indicating that infrasound above this pressure level will be perceptible to human beings
(Turnbull, Turner, & Walsh, 2012).

Mechanisms of wind farm sound
The sound generated by wind turbines is derived from either mechanical or aerodynamic
mechanisms (Pedersen & Persson Waye, 2004). Modern wind turbines incorporate design
features to minimise mechanical noise created by moving components, such as gear
componentry, so that aerodynamic sound, generated from the flow of air past the turbine
blades, is the dominant source of wind farm sound (Pedersen & Persson Waye, 2007; Saidur,
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Rahim, Islam, & Solangi, 2010). Aerodynamic sound comprises a broadband sound present
across a range of frequencies, including sound within the infrasonic range (Berger et al.,
2015).

The level of residential exposure to wind farm sound
Countries around the world have developed wind farm noise regulations, and siting standards,
designed to guard against the experience of adverse noise related health effects (Berger et al.,
2015). While there is some variability across jurisdictions, on average, wind farm noise
guidelines are set at a daytime limit of 45dBA and a night-time limit of 40dBA (McCunney et
al., 2014). The emission of sound at the level of 40 dB(A) is equivalent to indoor background
sound and is within limits recommended for the protection of human health from community
noise during night hours (World Health Organisation, 2009). Recent analysis has confirmed
that the development and enforcement of health-based A-weighted audible noise limits and
guidelines, is an effective method of assessing, monitoring and protecting the public in
relation to exposure to all the components of wind farm sound, including low frequency noise
and infrasound exposure (Berger et al., 2015). More specifically, evidence indicates current
guidelines should be effective to protect residents against direct health effects from the level
of wind farm sound exposure (Berger, et al., 2015).

Audible sound characteristics
Given that the level of sound exposure does not appear to account for symptom reports, it is
appropriate to consider whether there is any peculiar characteristic of wind farm sound that
would cause reported symptoms.
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Amplitude modulation
Sound emissions from wind turbines feature periodic fluctuations of aerodynamic sound in
the mid-frequency range (typically 500-1,000 Hz), which occur approximately once per
second (Lee, Kim, Choi, & Lee, 2011; McCunney et al., 2014). A number of factors, such as
wind direction and sound speed gradient, contribute to the detectability of amplitude
modulation, which is thought to arise as a result of the discrepancy in wind speed between the
top and bottom of the swept blade (Larsson & Ohlund, 2014; Sonus Pty Ltd, 2010). While
amplitude modulation is most noticeable at the tower base and becomes less perceptible over
distance, field research indicates that noise annoyance reported by residents is often
associated with fluctuating wind farm sound (Pedersen & Persson Waye, 2004; Pedersen, van
den Berg, Bakker, & Bouma, 2009). However, although some individuals report finding
amplitude modulation annoying, there is no evidence this sound directly causes adverse
physiological effects (Colby et al., 2009).

Low frequency noise
Contemporary wind turbines may generate a small amount of low frequency noise in the 20200 Hz range, predominantly caused by incoming turbulence interacting with the turbine
blades (Bolin, Bluhm, Eriksson, & Nilsson, 2011; Jakobsen, 2005). Given that low frequency
noise has longer wavelengths than higher frequency noise, and is less attenuated by physical
barriers, such as buildings, there is the potential for wind farm noise generation to contribute
to low frequency noise levels in nearby residences (Colby et al., 2009). This is particularly
relevant because low frequency noise has been found to be more annoying than high
frequency noise, at the same A-weighted sound level (Leventhall, 2009; Persson, Bjorkman,
& Rylander, 1985). Further, there is some concern that prolonged exposure to low frequency
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sound may cause stress and symptoms such as fatigue, loss of concentration, and headaches
(Berglund, et al., 1996; Bengtsson, Persson Waye, & Kjellberg, 2004).
However, measurements taken both inside and outside residents’ homes have
consistently shown that exposure to low frequency wind turbine noise falls within limits set
for the protection of the health and safety of residents (e.g., Berger et al., 2015), Further,
comprehensive assessment indicates low frequency noise exposure from wind turbines does
not exceed exposure levels from other common sources of residential noise (Bolin et al.,
2011; O’Neal, Hellweg, & Lampeter, 2011). Importantly, the evidence does not suggest that
direct health effects could be explained by low frequency noise emissions (McCunney et al.,
2014).

Infrasound
The premise generally put forward to explain a proposed direct link between wind farms and
the experience of symptoms is that reported health effects are caused by exposure to
infrasound generated by wind turbines (Pierpont, 2009; Salt & Kaltenback, 2011). This
contention must be assessed in light of the fact that exposure to infrasound is a consistent
human experience (Leventhall, 2006). Infrasound is constantly present in the environment,
generated by any process which involves slow oscillations of the air, such as fluctuations in
atmospheric pressure, and the wind itself (Bedard & Georges, 2000; Leventhall, 2007).
Common everyday exposure to infrasound arises from riding in a car, working in an
air-conditioned building, and, importantly, walking; infrasound generated at the ear when
people walk can be considerably higher than the level near wind farms (Stead, Cooper, &
Evans, 2014). Further, human beings are perpetually exposed to infrasound at higher levels
than found in the vicinity of wind farms, from internal physiological processes such as
breathing (Leventhall, 2013). Importantly, measurements taken in the environs of wind farms
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have shown that wind turbine generated infrasound does not significantly contribute to
background levels of environmental infrasound (Evans, Cooper, & Lenchine, 2013).
Exposure to atmospheric infrasound occurs simultaneously with exposure to
environmental sound at other frequencies, so that isolating and determining the influence of
environmental infrasound on health is problematic (Møller & Pedersen, 2004). A few early
experimental studies have suggested that at intense audible levels, infrasound exposure may
have health impacts, such as triggering cardiovascular system changes (Karpova, Alekseev,
Erokhin, Kadyskina, & Reutov, 1970); decreased wakefulness (Landstrom et al., 1982), and
transitory shifts in hearing threshold (Jerger, Alford, & Coats, 1966). Nonetheless, the quality
of such early studies has been questioned, and the findings of research exploring the health
effects of intense infrasound exposure have been inconsistent (Health Protection Agency
[HPA], 2010). Critically, indications of infrasound health impacts, in experimental studies,
are only evident at levels well above the threshold of perception (Leventhall, 2006). This is
important as consistent evaluation of infrasound levels near wind farms has shown that levels
are well beneath the audibility threshold of 85 dB(G) (e.g., Turnbull et al., 2012; Ingielewicz
& Zagubien, 2014).

Theories connecting infrasound produced by wind turbines and health effects
While the current evidence does not suggest sub-audible infrasound from wind turbines
would cause symptoms, Pierpont (2009) has proposed two mechanisms by which infrasound
generated by wind turbines might cause health complaints:
(1) Stimulation of the inner ear cells of the cochlea
It has been suggested that detrimental health effects are caused by airborne infrasound
stimulating the sensory hair cells of the cochlea, the organ of hearing of the inner ear
(Pierpont, 2009). However, the inner sensory hair cells, which are responsible for relaying
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auditory information to the brain, are unresponsive to low frequency sound in the infrasonic
range (McCunney et al., 2014). There are some preliminary indications from animal research
that infrasound at sub-audible levels may stimulate the outer sensory hair cells, which do not
function to directly transmit neural signals to the brain, but amplify very soft sounds as they
enter the cochlea (McCunney et al., 2014; Salt & Hullar, 2010). However, these findings do
not necessarily signify that wind turbine generated infrasound would be perceived, or in any
way disturb physical functioning in human beings (Ellenbogen et al., 2012). Crucially,
research with human participants does not suggest infrasound below the auditory threshold
would trigger symptoms (HPA, 2010).
(2) Visceral vibratory vestibular disturbance
Given that some of the symptoms reported, such as dizziness and nausea, can be symptoms of
vestibular disorders it has been suggested that exposure to wind turbine generated infrasound
disrupts vestibular function (Pierpont, 2009). The proposed basis for such symptoms is that
airborne infrasound causes vibrations in the body, particularly the abdominal viscera, causing
aberrant stimulation of sensory receptors thereby interfering with balance and motor
detection signalling to the brain (Pierpont, 2009). The hypothesised pathway for this “visceral
vibratory vestibular disturbance”, is substantially founded on a misinterpretation of research
conducted by Todd et al. (2008) which detected vestibular system sensitivity to low
frequency vibration of the head at around 100Hz, but not to airborne infrasound (Todd,
2009). There is no evidence that infrasound, at the level emitted from wind turbines, would
stimulate sensory receptors in the viscera or disturb vestibular system function in any way
(McCunney et al., 2014; Todd, Rosengren, & Colebatch, 2008).
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The epidemiological evidence
The evidence thus indicates that the level and characteristics of wind turbine sound, including
the production of infrasound, would not directly cause reported health effects. To date, there
have been over 60 studies exploring the association between wind turbines and human health
(e.g., Ellenbogen, et al., 2012; Merlin, Newton, Ellery, Milverton, & Farah, 2013). The
weight of the scientific evidence, emerging from these studies, is that there is no direct
connection between symptom reporting and any aspect of the operation of wind farms,
including the generation of audible and sub-audible sound (Knopper et al., 2014). Critically,
evidence that exposure to wind farm sound is not causally related to health complaints is
reinforced by epidemiological studies.
Analysis of field studies undertaken in Sweden and The Netherlands indicates that
there are no direct effects of wind turbine noise on sleep disturbance or health and health
related conditions, such as chronic disease, diabetes, cardiovascular conditions, high blood
pressure, and diabetes (Bakker et al., 2012; Pedersen, 2011).
Such findings are consistent with a recent large scale Canadian study designed to
investigate the prevalence of health effects or health indicators among a sample of the
population exposed to wind turbine noise, using both self-reported and objectively measured
health outcomes (Michaud, 2015). This study found that wind turbine noise exposure was not
associated with self-reported sleep (including general disturbance, use of medication and
diagnosed sleep disorders); self-reported illness (dizziness, tinnitus, prevalence of frequent
migraines and headaches); chronic health conditions (heart disease, high blood pressure and
diabetes); and self-reported perceived stress and quality of life. Further, in terms of objective
measures of health, wind turbine noise exposure was not related to hair cortisol
concentrations, blood pressure, resting heart rate or measured sleep (sleep latency,
awakenings, and sleep efficiency).
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Conclusion
The empirical evidence does not support a direct link between health complaints, by people
living in the vicinity of wind farms, and exposure to either audible or sub-audible wind farm
sound (e.g., Berger et al., 2015; Knopper et al., 2014; McCunney et al., 2014). It is therefore
apparent that factors beyond exposure to wind turbine sound are implicated in symptom
reporting by residents in wind farm communities.

Alternative pathways for symptom reporting
While the empirical evidence indicates that sound produced by wind turbines would not
directly cause symptoms, health complaints by residents living in the vicinity of wind farms
are generally attributed to exposure to wind farm sound, particularly infrasound (Chapman,
Joshi, & Fry, 2014). What the evidence does suggest is that there is a pervasive
misapprehension about the nature of infrasound, which is likely to create heightened risk
perceptions about wind farm generated infrasound (Leventhall, 2006). Misperceptions are
likely to have evolved from mid twentieth century misrepresentations of infrasound in
popular science books and journals, suggesting that infrasound exposure poses serious health
risks, including the risk of internal haemorrhage or spontaneous death (Leventhall, 2007).
There has also been a tendency over the past fifty years for media stories about infrasound to
sensationalise purported dangers associated with infrasound exposure, epitomised in one
newspaper headline by the portrayal of infrasound as a “silent killer all around us”
(Leventhall, 2013).
Research has shown that public perception about the relative harm posed by exposure
to environmental agents frequently has little to do with toxicological evidence (Leslie, 2000).
This is because perceptions of risk tend to be informed by health information provided
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through media channels which often focus on sensationalising issues likely to catch the
public imagination, rather than providing a proportionate impression of health risk (e.g.,
Norman, 1986).
In the case of wind farms, evidence indicates that media reports contain factors likely
to induce fear, anxiety, and concern about the health risk posed by wind turbine sound
(Deignan, Harvey, & Hoffman-Goetz, 2013). In particular, there is a current propensity for
some mainstream media to misreport the physiological effects of infrasound exposure, and to
suggest that infrasound causes adverse health effects in residents living in proximity to wind
farms (Chapman, 2015c). Therefore, there is evidence that some residents may have health
concerns about exposure to wind farm sound, particularly sub-audible infrasound exposure,
provoked and perpetuated by a media narrative, which suggests that wind farm sound
exposure poses health risks. This is relevant because health concerns about exposure to wind
farm sound could elicit health complaints in wind farm communities, even when sound
exposure falls within limits set to protect the health and safety of residents. There are two
pathways by which this could occur. Health concerns may inform negative expectations
about wind farm sound which directly trigger symptom reporting, or amplify annoyance
reactions associated with the experience of stress related health effects (e.g., Michaud, 2015).

Negative expectations and symptom reporting
Negative expectations are involved in the nocebo effect, where it is the expectation of illeffects, rather than pathogenic exposure, that prompts symptomatic responses (Faasse,
Cundy, & Petrie, 2010). Health concerns about an environmental agent have been shown to
predispose individuals to expect symptoms during periods of exposure, resulting in symptom
reporting, even when the exposure is completely benign (e.g., Bansal, 2009).

18

The potential for health concerns and related negative expectations to provide a
pathway for symptom reporting, attributed to wind farms, is supported by the results of a
sham controlled experimental study (Crichton, Dodd, Schmid, Gamble, & Petrie, 2014). In
this study, participants were randomised to watch either an audio-visual presentation
containing media information about symptoms reported by residents from wind farm
communities, or an audio-visual presentation in which experts put forward the scientific
position that infrasound produced by wind farms would not cause symptoms. Participants
then assessed their symptomatic experiences during separate periods of exposure to sham
infrasound (actually silence), and exposure to genuine infrasound. Results showed
participants who were primed with information about the purported negative impacts of
exposure to wind farm sound, formed health concerns and related negative expectations,
which resulted in heightened symptoms during both exposure periods. However, participants
given information setting out the scientific position about infrasound, did not report any
increase in symptoms from baseline assessment, during either exposure period.
Findings from this sham controlled study provide indications that negative
expectations, created by social discourse and media health warnings, may explain symptom
reporting in community settings, given the absence of a direct pathophysiological link
between exposure to wind turbine sound and symptom reports. Results also suggest that
creating more positive expectations about wind farm sound may alleviate symptom reporting
in community settings.

Negative expectations and noise annoyance
Health concerns and negative expectations may also exacerbate noise annoyance, which has
been defined as a feeling of discomfort, associated with the adverse impact of unwanted
sound exposure (Maris, Stallen, Vermunt, & Steensma, 2007). Evidence demonstrates that
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noise annoyance is more strongly related to negative attitudes about wind turbines, than to the
level of noise exposure (Pederden & Persson Waye, 2004). Further, field research has shown
that concern about wind turbine health effects is associated with general annoyance with
wind farm sound (Magari, Smith, Schiff, & Rohr, 2014). This is important because, while
there is no direct relationship between wind turbine sound exposure and symptoms, there are
inter-relationships between the experience of wind turbine noise annoyance, psychological
distress, and health complaints, such as headaches and dizziness (e.g., Bakker et al., 2012;
Feder et al., 2015). Further, wind turbine noise annoyance has been associated with objective
markers of stress such as measured hair cortisol, and elevated systolic and diastolic blood
pressure (Michaud, 2015). Therefore, health concerns and related negative expectations may
contribute to the experience of noise annoyance and associated stress related health effects.
It is also relevant to note that perceived noise sensitivity has been identified as a risk
factor for annoyance reactions, reflected in consistent associations between subjective noise
sensitivity and wind farm noise annoyance seen in the literature (Shepherd, McBride, Welch,
Dirks, & Hill, 2011). However, there are promising indications in field settings that, when
attitudes to wind turbines become more positive, people are less likely to report noise
annoyance, even if they are noise sensitive (Pederson et al., 2009). This suggests that creating
more positive expectations about wind farm sound, may improve reported noise annoyance
and related distress, even in noise sensitive individuals.

Summary
Although a number of people living in the vicinity of wind farms are experiencing symptoms
they ascribe to exposure to wind turbine generated sound, particularly infrasound, the
evidence does not support a direct pathophysiological link between sound exposure and
symptom complaints (e.g., Bakker et al., 2012). However, there are indications that in wind
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farm communities some residents are concerned about the health risk posed by exposure to
wind farm sound, especially exposure to wind turbine generated infrasound, (Knopper &
Ollson, 2011).
Such health concerns are likely to be fuelled and perpetuated by media stories
suggesting that exposure to wind farm infrasound poses a health risk (Chapman, 2015b).
Experimental research indicates that accessing such media reports can create health concerns
and related symptom expectations, prompting symptom reporting during exposure to both
genuine and sham infrasound (Crichton et al., 2014c). Further, there are indications from
field research that health concerns about wind farm sound exposure is heightening noise
annoyance in wind farm communities (e.g., Magari et al., 2014), which is associated with
stress and stress related health complaints (e.g., Michaud, 2015). This suggests that health
complaints may be explained by a process whereby health concerns invoke negative
expectations which directly triggers symptom reporting. Further, health concerns and
negative expectations may also lead to stress related health effects by heightening noise
annoyance and associated stress reactions to sound exposure.
Therefore, research is warranted to further investigate the likely involvement of
negative expectations in symptom complaints attributed to wind farms. Effective strategies to
prevent or reverse symptom reporting, triggered by negative expectations, should also be
explored.
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2. The link between health complaints and wind turbines:
Support for the nocebo expectations hypothesis

Published in: Frontiers in Public Health 2014; 2: 220

Abstract
The worldwide expansion of wind energy has met with opposition based on concerns that the
infrasound generated by wind turbines causes health problems in nearby residents. In this
paper, we argue that health complaints are more likely to be explained by the nocebo
response, whereby adverse effects are generated by negative expectations. When individuals
expect a feature of their environment or medical treatment to produce illness or symptoms,
this may start a process where the individual looks for symptoms or signs of illness to
confirm these negative expectations. As physical symptoms are common in healthy people,
there is considerable scope for people to match symptoms with their negative expectations.
To support this hypothesis, we draw on evidence from experimental studies and also consider
epidemiological work, showing that health complaints have primarily been located in areas
that have received the most negative publicity about the harmful effects of turbines. The
social aspect of symptom complaints in a community is also discussed as an important
process in increasing symptom reports. Media stories, publicity, or social discourse about the
reported health effects of wind turbines are likely to trigger reports of similar symptoms,
regardless of exposure. Finally, we present evidence to show that the same pattern of health
complaints, following negative information about wind turbines, has also been found in other
types of environmental concerns and scares.
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Introduction
In recent years, challenges to new wind farm developments have been mounted on the basis
that exposure to sound, and particularly infrasound, generated by wind turbines, poses a
health risk (Knopper & Ollson, 2011). Unfortunately, addressing concerns about health
effects has been complicated by a lack of clarity about what might be causing the symptoms
reported. Perceived adverse health effects, said to be experienced by people living near wind
turbines, include symptoms such as sleep disturbance, headache, earache, tinnitus, nausea,
dizziness, heart palpitations, vibrations within the body, aching joints, blurred vision, upset
stomach, and short-term memory problems (Pierpont, 2009). In this article, we explore
factors that might explain symptom reporting attributed to wind farms and put forward the
case for the nocebo expectations hypothesis; that symptom reporting can be explained by
negative expectations, rather than any pathophysiological link between symptoms and wind
farm sound. Research consistently indicates that the expectation of adverse health effects can
itself produce negative health outcomes, which is a phenomenon known as the nocebo effect
(Benedetti, Lanotte, Lopiano, & Colloca, 2007). Negative expectations generating nocebo
responses have been shown to have a powerful influence on health outcomes in clinical
populations (Colloca & Finniss, 2012) and reported symptom experiences in community
samples (Faasse, Gamble, Cundy, & Petrie, 2012).
The link between wind farm sound and health complaints
When investigating the cause of symptom reporting attributed to any purported
environmental hazard, it is important that the existence of a biological basis for symptomatic
experiences is thoroughly explored, so that an organic cause of symptoms is not overlooked
(Bartholomew & Wessely, 2002). As symptom reporting has been attributed to wind farm
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sound (Pierpont, 2009), it is necessary to consider the evidence for any direct relationship
between exposure to such sound and symptom reporting.
The nature of wind farm sound
Refinements to wind turbine design have reduced mechanical noise to the point where
aerodynamic sound, produced as a consequence of the flow of air past the turbine blades, is
now the prevailing source of noise from modern wind farms (Pedersen & Persson Waye,
2004). This aerodynamic sound is present across a range of frequencies, from the audible to
sub-audible infrasound (Merlin, Newton, Ellery, Milverton, & Farah, 2014).

Audible wind farm sound and reported health effects
At this time, studies have not found a direct causal link between living in the vicinity of wind
farms, audible wind farm sound exposure, and physiological health effects (Knopper &
Ollson, 2011). Audible sound levels, assessed at the nearest residence, have been consistently
found to fall within accepted health and safety limits for ambient background noise, and
evidence does not support a direct link between such sound exposure and symptom reporting
(Ellenbogen et al., 2012). To elaborate further, although a small proportion of people report
being annoyed by wind farm sound, particularly by detectable fluctuations of sound in the
mid-frequency range (500–1000 Hz), the evidence does not indicate that exposure to such
sound is directly causing adverse physiological effects in those living in the vicinity of wind
farms (Merlin, Newton, Ellery, Milverton, & Farah, 2013). In addition, despite concerns that
audible low frequency noise (20–200 Hz) produced by wind turbines is triggering
symptomatic experiences, this is not supported by the scientific evidence (Bolin, Bluhm,
Eriksson, & Nilsson, 2011).
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Infrasound and reported health effects
Further, the evidence does not substantiate conjecture that exposure to sub-audible wind farm
generated infrasound (sound below 20 Hz), is responsible for health complaints. It is
important to note that exposure to infrasound is an everyday experience. Infrasound is
constantly present in the external environment, caused by phenomena such as weather
variations, air turbulence, ocean waves, traffic, and other machinery (Leventhall, 2006).
Notably, the body and vestibular systems have evolved to prevent disturbance from
infrasound generated from internal processes, such as respiration and heart rate, which is
produced at higher levels than infrasound generated by wind farms (Leventhall, 2013).
While sound in the infrasonic range may become audible at sufficiently high pressure
levels, infrasound produced by wind turbines is below the threshold of human perception
(Leventhall, 2006; O’Neal, Hellweg, & Lampeter, 2011) and research does not support the
existence of adverse health effects from exposure to infrasound at sub-audible levels (Health
Protection Agency, 2010). Importantly, a recent investigation found the contribution of wind
turbines to measured infrasound levels at residential locations near wind farms was
insignificant in comparison with the background level of infrasound in the environment
(Evans, Cooper, & Lenchine, 2013). Given consistent evidence that infrasound produced by
wind turbines does not exceed typical levels of infrasound found in everyday urban or rural
environments, health impacts of infrasound produced by wind turbines are not indicated
(Leventhall, 2013; Turnbull, Turner, & Walsh, 2012).
As the evidence does not support a direct link between audible or sub-audible sound
generated by wind turbines and reported symptomatic experiences by people living in the
vicinity of wind farms, it is apparent that factors beyond exposure to wind turbine sound are
implicated in symptom reporting.
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Health concerns, negative expectations, and symptom reporting
Perception of health risk and symptom reporting
There is accruing evidence that some people facing the prospect of a new wind farm near
their residence, or currently living within the vicinity of a wind farm, are genuinely fearful of
the potential health effects of operating wind turbines (Knopper & Ollson, 2011). This has
relevance, as evidence shows a relationship between assessment of health risk and symptom
reporting, which does not depend upon whether the risk posed is genuine or not (Page, Petrie,
& Wessely, 2006). This is seen in community examples where there has been an error about
exposure to a perceived toxic agent. In one such case, symptom complaints attributed to
exposure to electromagnetic radiation, from a mobile phone tower, occurred when the tower
itself was not yet active (Bansal, 2009).
In fact, extreme increases in symptom reports, in instances of both genuine and
perceived toxic exposure to harmful agents, have been repeatedly shown in community
settings (Schwartz, White, & Hughes, 1985), with strength of environmental concern being a
critical factor in predicting the occurrence of symptom complaints (Lipscomb, Satin, &
Neutra, 1992). This was highlighted in a study in which participants, from 10 villages in
Germany, had their sleep monitored over 12 nights during which they were exposed to sham
signals and electromagnetic field signals from an experimental base station (Danker-Hopfe,
Dorn, Bornkessel, & Sauter, 2010). There was no evidence for short-term physiological
effects of electromagnetic fields emitted by mobile phone base stations on sleep quality, but
findings demonstrated a negative influence on objective and subjective sleep quality in
subjects who were concerned that proximity to mobile phone base stations might negatively
affect health.
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Health concerns and negative expectations
Evidence shows that health-related worries about perceived environmental hazards inform
negative expectations, which in turn draw attention to body processes and shape how
individuals decipher symptoms (e.g., Petrie et al., 2005). Negative expectations translate into
symptomatic experiences, because focused attention to the body has the tendency to draw
awareness to common sensations that might otherwise go unnoticed (Petrie & Pennebaker,
2004). Further, increased anxiety itself causes an increase in physiological activity giving rise
to symptoms such as dry mouth and rapid heart-beat (Pennebaker, 1994). Evidence suggests
people may misinterpret symptoms of hypervigilance and anxiety as signs of illness,
particularly if symptoms experienced are consistent with concerns about health (Moss-Morris
& Petrie, 1999).
Recently, there has been a noticeable rise in the number of people expressing concern
about health effects presented by the sound generated by wind farms, and fears about health
risk have emerged as a key predictor of opposition to wind farm development (Baxter,
Morzaria, & Hirsch, 2013; Walker, Baxter, & Ouellette, 2013). Such fears are more
prominent in countries where wind farms are relative newcomers on the landscape, which
aligns with consistent evidence of associations between the introduction of new technologies,
community concern about related health risks, and symptom reporting (Petrie et al., 2001;
Petrie & Wessely, 2002).

An increase in wind farm health concerns
While the operation of modern commercial wind farms commenced more than 20 years ago
in several nations, widespread claims that exposure to wind farm sound produces adverse,
often acute and immediate symptomatic experiences, are much more recent (Chapman,
2011). This change is reflected in the shifting focus of community opposition to wind farms
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over time. Historically, community opposition to wind farms has centred on concerns about
depreciation of property values, problems with aesthetic integration on the landscape, and
apprehension about the intrusiveness of noise produced by wind turbines (Graham,
Stephenson, Smith, 2009; Sibille, Cloquell-Ballester, Cloquell-Ballester, & Darton, 2009).
However, in recent years, concern about the adverse health risk of exposure to wind turbine
sound has repeatedly emerged as a new focal point of community opposition to wind farms,
indicating a shift in the way wind farms are now perceived (Knopper & Ollson, 2011).

Health concerns and the publication of a book about wind farm health effects
Such concern, as well as a dramatic increase in symptom reporting, coincided with the 2009
promotion of a self-published book which is also available and summarised on the internet
(Chapman, St George, Waller, Cakic, 2013). The book entitled Wind Turbine Syndrome-A
Natural Experiment (Pierpont, 2009), portrays infrasound produced by wind turbines as a
threat to health, and explicitly sets out the physical symptoms and health effects to be
expected by those living in proximity to wind farms. Given that wind farms simultaneously
generate infrasound and audible sound, negative health information about infrasound is likely
to influence the perception of wind farm sound in its entirety. Further, although the narrative
of the book emphasises the perniciousness of the sub-audible components of wind farm
sound, it also sets out health concerns about audible sound, particularly low frequency
audible wind farm sound. Thus, health concerns, triggered by the type of information
contained in the book, are likely to inform negative expectations extending to both the
audible and sub-audible components of wind farm sound exposure.
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Health complaints and the dissemination of negative information about wind farms
The concurrence of the publication of Wind Turbine Syndrome-A Natural Experiment and an
increase in symptom reporting attributed to wind farms, supports the argument that symptoms
are more likely due to negative expectations triggered by health information, rather than
being caused by pathogenic exposure to wind farm sound. This is exemplified in a study
assessing historical complaints, in relation to 51 Australian wind farms operating from 1993
to 2012 (Chapman et al., 2013). Findings illustrated that, prior to 2009, health and noise
complaints were rare, despite small and large wind farms having operated in Australia for
many years. The study found that 90% of complainants made their first complaint post 2009,
after anti-wind farm campaigners disseminated information about the purported health effects
of wind farms. Further, the majority of complaints were confined to the six wind farms
targeted by anti-wind farm campaigners, indicating complainants had accessed negative
health information.

Individuals higher in negative affect report more symptoms around wind farms
Additional support for the involvement of negative expectations, in relation to the increase in
symptom reporting seen since 2009, is also provided by recent field research demonstrating
that people higher in negative-oriented personality traits are more likely to report higher
levels of perceived noise (unrelated to actual noise levels), and more non-specific physical
symptoms around wind farms (Taylor, Eastwick, Wilson, & Lawrence, 2012). Experimental
research demonstrates that individuals with higher levels of negative affect are more
susceptible to the influence of expectations about health effects created by suggestion, and
are more likely to report expectation consistent symptoms (Put et al., 2004).
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Symptoms are ascribed an illness label
There is also an increased likelihood that negative expectations will be formed in wind farm
communities, given that symptoms have been ascribed a disease label “Wind Turbine
Syndrome”, said to involve the experience of a number of common non-specific symptoms
(Pierpont, 2009). The term Wind Turbine Syndrome has been increasingly adopted in wind
farm communities in which symptoms are attributed to wind turbines, and is used in media
campaigns designed to generate opposition to wind farms (e.g., Western Plains Landscape
Guardians, 2009). The use of a disease label is a powerful way to create health concerns and
set expectations, as it conveys the impression that there is a risk of developing a recognised
medical condition, involving a constellation of expected syndrome symptoms.
That symptoms could be triggered once residents become aware of the purported
existence of a wind turbine specific illness, is exemplified by a phenomenon known as
medical student disease (Hunter & Lohrenz, 1964). Here, medical students, when learning
about an illness, self-detect symptoms of the studied disease (Woods SM, Natterson, &
Silverman, 1966). The process of learning about a disease seems to produce a cognitive
representation of illness that guides attention to illness coherent symptoms and sensations,
which may lead to symptom reporting by healthy individuals (Moss-Morris & Petrie, 2001).

Symptoms reported are aligned with expected symptoms
Many of the symptoms attributed to wind farms have a logical coherence with the type of
symptoms which might be caused by harmful sound exposure, such as sleep disturbance,
tinnitus, and ear pressure (e.g., Thorne, 2011). Although this has been viewed as
confirmatory evidence that wind turbine sound poses genuine health risks, these common
symptoms are widely proposed as symptoms to be expected when living in the vicinity of
wind farms (e.g., Pierpont, 2009). This is important because negative expectations, formed
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from such information, will operate as a blueprint or heuristic guiding the type of symptoms
noticed and reported. Therefore, symptoms reported will be consistent with such
expectations, rather than being indicative of any pathogenic link between wind farm sound
and health effects.
The specificity of symptomatic experiences provoked by expectations has been
exemplified in both clinical and experimental settings (e.g., Lorber, Mazzoni, & Kirsch,
2007; Rief, Avorn, & Barsky, 2006). In particular, there is consistent evidence that, during
randomised controlled drug trials, participants randomised to receive inert placebos often
manifest symptoms which mirror side-effects of active treatment (e.g., Rief et al., 2009).
Importantly, in a double-blind provocation study participants reported significant increases in
symptoms during separate exposure to infrasound and sham infrasound, after watching
material from the internet suggesting that wind farm generated infrasound causes specific
health effects (Crichton, Dodd, Schmid, Gamble, & Petrie, 2014). Relevantly, elevations in
symptom reporting coincided with information about the precise symptom profile said to be
related to infrasound exposure. During both exposure periods participants reported more
symptoms characterised as typical symptoms of infrasound exposure.

Negative expectations and misattribution
Misattribution of common symptoms to wind farms
It is important to note that many of the symptoms said to arise from exposure to wind farms,
such as headaches, fatigue, concentration difficulties, insomnia, gastrointestinal problems,
and musculoskeletal pain, are commonly experienced by healthy individuals (Pennebaker,
1994). If people are worried about the health effects of an environmental agent and form
symptom expectations, they are also more likely to notice and misattribute their current
symptomatic experience to that environmental agent. This can occur even when symptoms
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are more consistent with everyday experiences and may, under different circumstances, be
explained as just part and parcel of normal life (Petrie et al., 2001). Given that the symptoms
said to be associated with wind turbines, such as tinnitus, sleep problems, and headache, are
extremely common in the general community (McAteer, Elliott, & Hannaford, 2011; Petrie,
Faasse, Crichton, & Grey, 2014; Shargorodosky, Curhan, & Farwell, 2010), many hearing
about a putative connection with wind turbine exposure may be persuaded that health
problems they experience can be attributed to this exposure. An analysis of symptom
reporting by people living in the vicinity of wind turbines in Canada indicates that the
prevalence of reported symptoms is consistent with symptom prevalence in the general
population, suggesting that people are likely to be misattributing their ordinary experience of
common symptoms to wind turbines, rather than becoming more symptomatic (Hamilton,
2014).
Misattribution of current illness to wind farms
It is notable that diseases with much more established aetiology, such as diabetes, duodenal
ulcers, skin cancer, and stroke, have instead been ascribed to exposure to wind farm sound
(Chapman, 2015b). This strongly suggests the involvement of negative expectations, given
that the evidence does not show that wind farms could be responsible for any such disease.
Evidence indicates that negative expectations, arising from health concerns about
environmental agents, can also lead to a process whereby the experience of disease is
misattributed to environmental exposure, rather than viewed as the result of more likely
influences, such as aging, genetic predisposition, or lifestyle factors (Petrie & Wessely,
2002). Further, evidence suggests that over past decades individuals have become more
inclined to believe that ill health is a by-product of exposure to a toxic environment, and to
look for environmental explanations for their illness experiences (Page et al., 2006). This is
illustrated by research indicating a tendency among cancer survivors of the 10 most common
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cancers to believe environmental factors play a much more significant role in carcinogenesis,
than is indicated by the scientific evidence (Ferrucci et al., 2011).

Socially transmitted symptoms
Media health warnings and negative expectations
A recent study has demonstrated that the upsurge in noise and health complaints, seen in
Australia since 2009, has arisen primarily in localities where there has been targeted publicity
about the alleged harmful impacts of wind farms (Chapman et al., 2013). Importantly, two
entire Australian states with wind farms, but no history of anti-wind farm advocacy, had no
reported instances of health or noise complaints. Findings are consistent with research
indicating that media warnings about potential harm from environmental factors may create
health concerns prompting symptom reporting, even in the absence of objective health risk
(Winters et al., 2003). Merely watching a television report about the supposed adverse effects
of Wi-Fi has been shown to elevate concern about the health effects of electromagnetic fields,
and increase the likelihood of experiencing symptoms following exposure to a sham Wi-Fi
signal (Witthöft & Rubin, 2013).
In the case of wind farms, recent media stories have been shown to contain fright
factors likely to trigger fear, concern, and anxiety about the health risk posed by wind
turbines (Deignan, Harvey, & Hoffman-Goetz, 2013). Assertions about the adverse impacts
of wind farm sound have been widely disseminated by the media, particularly via anti-wind
farm internet websites, and have led to misconceptions about infrasound generated by wind
turbines and a conviction, in some, that wind farms cause a myriad of health complaints
(Leventhall, 2013). Speculation that wind turbine sound causes health problems has emerged
as a consistent theme in public and media discourse about wind farms encapsulated in
newspaper headlines such as “Wind turbines cause heart problems, headaches and

33

nausea…“ (Johnston, 2009); “Coming to a house, farm, or school near you? Wind Turbine
Syndrome… “(Western Plains Landscape Guardians, 2009); and television news items such
as “Wind Turbines cause health problems, residents say” (St Philip, 2008). Further,
misleading reports about the impact of living in the vicinity of wind farms, such as inaccurate
accounts of home abandonment and emotive references to wind farm refugees, is also liable
to create disquiet (Chapman, 2014).
It has been verified in a recent double-blind provocation study that the kind of
information disseminated in the case of wind farms elevates health concerns and creates
corresponding negative expectations, which result in symptomatic experiences. Participants
viewing an audio-visual presentation, containing extracts from the internet outlining the
alleged health effects of infrasound generated by wind turbines, reported increased concern
about the health effects of sound produced by wind farms, which was associated with
amplification of symptom reporting during both genuine and sham exposure to infrasound
(Crichton et al., 2014c). Importantly, participants who viewed audio-visual material which
incorporated information that infrasound produced by wind farms would not cause
symptoms, did not report increased health concerns or heightened symptoms during either
exposure period. Results showed negative expectations may be created by media portrayal of
alleged health risks posed by the sound created by wind turbines, which could explain
symptom reporting around wind farms. Findings also suggest that creating neutral or more
positive expectations about wind turbine sound exposure, might reduce symptom reporting in
wind farm communities.
Negative expectations created by social interactions
It is important to bear in mind that symptomatic experiences occur in community settings, in
a social context where opinions and concerns about wind turbine related health effects are
often vocalised, and where there may be pressure group activity about wind farm
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development (Knopper & Ollson, 2011; Walker et al., 2013). Expectations can be learned
from such social interactions (Colloca & Miller, 2011), and may also be created and
reinforced by observation and modelling (Faasse, Grey, Jordan, Garland, & Petrie, 2015). In
an experimental study, in which participants viewed pictures of people in pain, one-third of
healthy controls reported pain in the same location as the observed pain, exemplifying the
influence observation may have on pain reactions (Osborn & Derbyshire, 2010). In another
innovative experiment, participants were asked to inhale a suspected environmental toxin
known to provoke four specified symptoms, which was, in fact, plain ambient air (Mazzoni,
Foan, Kirsch, & Hyland, 2010). Participants reported significantly more expected symptoms,
if they also observed a confederate inhale and display expected symptoms, illustrating the
phenomenon of contagion by observation, seen in mass psychogenic illness.
There are several avenues for symptoms to be socially transmitted within wind farm
communities. Neighbours and members of the wider community may be exhibiting
symptoms, or discussing their symptomatic experiences in public places, such as community
meetings convened to discuss possible legal action about perceived wind farm health effects
(e.g., Cohen, Doyle, & Hichens, 2011). Further, television news reports about wind farms
have included interviews with distressed and symptomatic people describing and portraying
symptoms (e.g., St Philip, 2008). These interviews can usually be accessed on the internet, so
people researching the effects of wind farms can observe modelled behaviour with ease.
Evidence also indicates that residents attributing symptoms to wind farms live in
households where every occupant has experienced adverse health effects, including resident
children (e.g., Phillips, 2011). Given the lack of evidence for any pathogenic link between
wind farm sound and health effects, it is possible familial modelling is facilitating symptom
reporting, particularly in relation to affected children. This is supported by evidence that
parental pain and symptom modelling is involved in the manifestation of unexplained pain
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and somatic complaints in paediatric populations (Osborne, Hatcher, & Richtsmeier, 1989;
Wolff et al., 2010).
Negative expectations and annoyance
It is also apparent that negative expectations, formed from warnings and social discourse
about purported wind farm health effects, are exacerbating reported annoyance with wind
turbine sound (Chapman et al., 2013). Elevated annoyance reactions present another pathway
by which negative expectations may lead to heightened symptoms in community settings
because, while noise annoyance is not in itself a disease or health state, annoyance is related
to distress, which can lead to the experience of stress-related physical symptoms (Ellenbogen
et al., 2012; Bakker et al., 2012).
There is much variability between studies in relation to the extent of reported wind
farm noise annoyance, indicating that contextual matters are influencing annoyance reactions.
Related studies undertaken in Sweden and The Netherlands have indicated that
approximately 10–20% of residents living in proximity to wind farms find wind turbine noise
annoying, and 6% of residents find wind turbine noise very annoying, at 35–40 dB exposure
(Pedersen & Persson Waye, 2004, 2007; Pedersen et al., 2009). However, another study
conducted in New Zealand reported that 59% of respondents living within 2 km of a wind
farm experienced noise annoyance (Shepherd, McBride, Welch, Dirks, & Hill, 2011). The
New Zealand study was undertaken at a time when there had been adverse publicity about
expected noise and health effects of living in the vicinity of the wind farm in question,
including a story that aired on free to air television (Owen & Campbell, 2009).
Being annoyed by noise is related to a range of personal and situational variables,
beyond the acoustic characteristics of noise (Fields, 1993; Maris, Stallen, Vermunt, &
Steensma, 2007), and psychosocial factors account for more variation in individual
annoyance, than objective measures of noise level (Staples, 1997). Experimental work
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indicates that not being aware of the source of sound is associated with reduced noise
annoyance in people exposed to wind farm sound, further confirming that the context of
sound exposure has more relevance for annoyance assessment, than the acoustic properties of
wind farm sound (Van Renterghem, Bockstael, De Weirt, & Bottledooren, 2013).
Importantly, a strong relationship has been found between concern about the negative health
effects of noise and noise annoyance (Kroesen, Molin, & van Wee, 2008). The evidence also
shows that wind turbine noise annoyance is more strongly related to other negative attitudes
about wind turbines, particularly the visual impact of wind turbines on the landscape, than to
sound level (Pedersen & Persson Waye, 2004; Pedersen et al., 2009). Thus, rhetoric that
creates health concerns about wind turbine sound, and presents a negative view of wind
farms, is likely to influence not just symptom reporting and distress, but reported noise
annoyance.
There is compelling evidence that creating a positive context for the experience of
wind farm sound, has a correspondingly positive impact on reported annoyance. A field study
conducted in The Netherlands indicated that respondents who benefited economically from
wind turbines, by either full or partial turbine ownership, or by receipt of other economic
benefits, such as a yearly income, were less annoyed by wind turbine noise than other
respondents, despite exposure to higher sound levels (Pedersen et al., 2009). Notably, there
were no differences in either likelihood to notice sound, or subjective noise sensitivity
between those who did, or did not, derive economic benefit. However, there were attitudinal
differences. Respondents who benefited economically were less negative both about wind
turbines in general, and about the visual impact of wind turbines on the landscape. Results
suggest that experiencing wind farm sound, in a positive context, decreases the likelihood of
forming negative views about wind turbines which are associated with annoyance. This
provides promising indications that changing the narrative around wind farms, so that
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worried residents become less concerned about their proximity to wind farms and adopt more
positive expectations and attitudes, might not only alleviate symptom reporting, but also
reduce noise annoyance.

Patterns of health complaints seen in other instances of perceived toxic exposure
It is relevant to note that symptom reporting, in response to perceived exposure to a toxic
agent, when no plausible health threat is posed, has been seen throughout history (Page et al.,
2006). Francis Bacon (1561–1626) noted “infections…if you fear them, you call then upon
you” (Bacon, 1597). In one pertinent example, a dramatic elevation in reported symptoms in
a community setting in Memphis followed a health scare fuelled by media messages that the
town was located in close proximity to an old toxic waste dump (Maugh, 1982). While a
comprehensive examination of soil toxicity revealed that no hazard was present, health fears
did not abate until it became apparent authorities were mistaken as to the locality of the
dump, which had actually been situated many miles from the town (Schwartz et al., 1985).
Although symptom reporting then subsided, some residents continued to insist they
experienced symptoms from the phantom dump site.
Further, the advent of new technologies has consistently been associated with the
development of subjective illness complaints, involving a constellation of symptoms, akin to
those attributed to wind farms (Petrie & Wessely, 2002; Spurgeon, 2002). In the latter part of
the 19th century, when the telephone was a modern and new appliance, The British Medical
Journal cautioned about the risk of developing “telephone tinnitus” in respect of which “the
patients suffered from nervous excitability, with buzzing noises in the ear, giddiness, and
neuralgic pains” (The Telephone as a Cause of Ear Troubles, 1889). While such concerns
have long since faded, the emergence of the mobile phone a century later, has been similarly
associated with a range of non-specific symptoms such as headache, fatigue, tinnitus, and
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concentration problems (Rubin, Cleare, & Wessely, 2008). While symptoms are attributed to
the production of low level electromagnetic fields, there is no generally accepted causal bioelectromagnetic mechanism, by which such symptoms would be provoked (Rubin, NietoHernandez, & Wessely, 2010). Given that provocation studies have repeatedly shown that
sham electromagnetic exposure is sufficient to activate symptoms, in individuals who believe
they are sensitive to electromagnetic fields, the evidence suggests the involvement of nocebo
responses; that it is anxiety about exposure, and related negative expectations, which trigger
symptomatic experiences (Witthöft & Rubin, 2013).

Conclusion
An analysis of the evidence concerning symptom reporting attributed to sound produced by
wind farms supports the nocebo expectation hypothesis; that health complaints can be
explained by the influence of negative expectations. It is apparent that symptom reporting
coincided with an increase in health concern about wind farms promoted by a book and
internet sites focused on highlighting the purported health dangers posed by sound,
particularly infrasound produced by wind turbines. Such information, which has been further
circulated though social discourse and media reporting, is liable to trigger health concerns
and related symptoms of anxiety, while also creating a blueprint for what symptoms can be
expected – expectations, which, in turn, are likely to guide the type of symptoms noticed and
reported. This is supported by epidemiological evidence that increased symptom reporting
has occurred in locations where there has been targeted dissemination of negative health
information about wind farms, indicating that exposure to such information is shaping
symptomatic experiences. Experimental work also suggests that it is expectation rather than
wind farm sound exposure that is responsible for symptom complaints.
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Symptom reporting is also consistent with patterns of health complaints seen in other
environmental health scares involving benign exposure, and which often follow the
introduction of new technologies. Importantly, indications that negative expectations are
implicated in symptomatic experiences, ascribed to wind farms, align with evidence that
instances of symptom reporting attributed to perceived environmental hazards and exposure
to modern technologies have been triggered by nocebo responses.
Understanding the underlying cause of health concerns and symptom complaints,
which have arisen in communities in which wind farms have been proposed and developed, is
critical if such concerns are to be addressed, and symptom reporting alleviated. Given
indications of the determinative role of negative expectations in creating and maintaining
symptom reporting, successful strategies to address health complaints are likely to involve
changing the narrative about wind farms, to create more positive expectations.
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3. The power of positive and negative expectations to influence reported
symptoms and mood during exposure to wind farm sound
Published in: Health Psychology 2014; 33:1588-1592

Abstract
Objective: Wind farm developments have been hampered by claims that sound from wind
turbines causes symptoms and negative health reports in nearby residents. As scientific
reviews have failed to identify a plausible link between wind turbine sound and health
effects, psychological expectations have been proposed as an explanation for health
complaints. Building on recent work showing negative expectations can create symptoms
from wind turbines, we investigated whether positive expectations can produce the opposite
effect, in terms of a reduction in symptoms and improvements in reported health. Method:
60 participants were randomised to either positive or negative expectation groups and
subsequently exposed to audible wind farm sound and infrasound. Prior to exposure, negative
expectation participants watched a DVD incorporating television footage about health effects
said to be caused by infrasound produced by wind turbines. In contrast, positive expectation
participants viewed a DVD which outlined the possible therapeutic effects of infrasound
exposure. Results: During exposure to audible wind farm sound and infrasound, symptoms
and mood were strongly influenced by the type of expectations provided. Negative
expectation participants experienced a significant increase in symptoms and a significant
deterioration in mood, whilst positive expectation participants reported a significant decrease
in symptoms and a significant improvement in mood. Conclusion: The study demonstrates
that expectations can influence symptom and mood reports in both positive and negative
directions. The results suggest that if expectations about infrasound are framed in more
neutral or benign ways then it is likely reports of symptoms or negative effects could be
nullified.
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Introduction
Sourcing renewable and sustainable energy is widely viewed as necessary to mitigate climate
change and address the negative health impacts associated with fossil fuel consumption, such
as mortality and morbidity due to cardiorespiratory diseases (Haines, Alleyne, Kickbusch, &
Dora, 2012). To this end harvesting wind power has become a key feature of clean energy
development policies in many countries, with the aim of reducing greenhouse-gas emissions
and related adverse health outcomes. Yet in many parts of the world wind farm
implementation has been stalled by claims that living in the vicinity of wind farms may pose
a health risk (Knopper & Ollson, 2011; Chapman, 2011). Given the importance of the role of
wind energy in the attainment of clean energy targets worldwide, it is important to understand
what could be causing reported health complaints and to explore approaches to address these
complaints.
The type of health problems reported include a range of non-specific physical
symptoms, such as headache, nausea, ear problems, dizziness, and sleep dysfunction, as well
as negative mood states, such as depression (e.g., Pierpont, 2009). Negative health effects
from wind turbines have been attributed to the infrasound produced by the operation of wind
turbines. Infrasound (sound between 0.01 and 20 Hertz) is generally below the threshold of
human hearing and is a common everyday phenomenon. Environmental infrasound is
variously generated by air turbulence and ocean waves, as well as by machinery, such as air
conditioners, while internally generated infrasound is produced by physiological processes,
such as respiration and heartbeat (Leventhall, 2007). Wind turbine generated infrasound is
sub-audible and does not exceed typical levels of background infrasound in the environment
(Turnbull, Turner, & Walsh, 2012). Moreover, reviews of the scientific evidence have found
the evidence does not support a direct pathophysiological link between the sound produced
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by wind turbine operations and the health of people living in the vicinity of wind farms (e.g.,
Ellenbogen et al., 2012; Fortin, Rideout, Copes & Bos, 2013; Knopper & Ollson, 2011).
Research has more recently focussed on whether the health complaints by residents in
the vicinity of wind farms could be due to psychological expectations. This work suggests
that expectations could be established by media and internet information asserting that
adverse health effects are caused by exposure to infrasound produced by wind turbines. The
expectations hypothesis is supported by a recent epidemiological analysis of health and noise
complaints of Australian wind farms operating since 1993. This analysis shows that the
majority of complaints commenced after 2009 and coincided with adverse health effects
being promoted by groups opposed to the construction of wind farms (Chapman, St George,
Waller, & Cakic, 2013). Further support for the expectations hypothesis comes from a recent
sham-controlled double-blind experimental study we conducted. The study showed that
healthy volunteers, when given information designed to invoke either high or low
expectations that exposure to infrasound causes symptom complaints, reported symptomatic
experiences that were consistent with the level of expectation provided (Crichton, Dodd,
Schmid, Gamble & Petrie, 2014).
The provocative question that this research raises is that if negative expectations can
create symptoms from wind turbines, can positive expectations produce a reduction in
symptoms and improvements in reported health? To investigate this idea further we explored
whether infrasound had ever been used as a therapy. We found that alternative medicine
practitioners explored the therapeutic impact of infrasound (e.g., Yount, Taft, West & Moore,
2004) and therapeutic infrasound producing devices are now marketed to the public. These
devices have been promoted to alleviate the very symptoms infrasound exposure from wind
farms is said to trigger (Haneke, Carson, Gregorio, & Maull, 2001). We used this information
to investigate whether positive health information about infrasound might create positive
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expectations leading to improved subjective health evaluation during exposure to wind farm
sound. Such a finding would have the potential to inform interventions designed to safeguard
against future symptom reporting and to reduce or reverse symptomatic experiences
attributed to wind farms.
In this experimental study we tested whether the provision of either positive or
negative health information about infrasound generated by wind turbines was reflected in
participants’ symptoms and health perceptions in response to wind farm sound. It was
hypothesised that during listening sessions, involving simultaneous exposure to audible wind
turbine sound and infrasound, participants given negative expectations would experience an
increase in the number and intensity of physical symptoms, an increase in negative mood and
a decrease in positive mood, and would evaluate exposure sessions as having adverse health
impacts. In contrast, it was also hypothesised that participants given positive expectations
would experience a decrease in the number and intensity of physical symptoms, a decrease in
negative mood and an increase in positive mood, and would evaluate exposure sessions as
having health benefits.

Method
Sixty undergraduate participants (39 female, 21 male) were recruited using flyers distributed
at the University of Auckland. Following recruitment, participants were randomly allocated
to positive or negative expectation groups. All participants were told the purpose of the study
was to investigate the effect of sound below the threshold of human hearing (infrasound) on
the experience of physical sensations and mood. Experimental procedures were conducted in
a listening room purpose built for subjective sound experiments to the standard set by the
International Electotechnical Commission (IEC268-13). Consistent with the cover story, the
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research was conducted in the Acoustic Research Centre, a facility associated with the School
of Engineering.
Once baseline measurements were undertaken, participants viewed one of two
five minute, 27 second DVD presentations, each of which contained wind turbine and health
material available on the internet. The negative health information DVD incorporated
television current affairs footage indicating that exposure to wind turbine sound, particularly
infrasound, might pose a health risk. In contrast, the positive health information DVD framed
wind turbine sound as containing infrasound, sub-audible sound created by natural
phenomena such as ocean waves and the wind, which had been reported to have positive
effects and therapeutic benefits on health.
Participants were contemporaneously and continuously exposed to infrasound (9Hz,
50.4dB) and audible wind farm sound (43dB), which had been recorded 1 km from a wind
farm, during two 7-minute listening sessions. Both groups were made aware they were
listening to the sound of a wind farm, and were being exposed to sound containing both
audible and sub-audible components, and that the sound was at the same level during both
sessions.
Symptom and mood questionnaires were filled in at baseline and during each
exposure period, prompted by a 2-second audible tone (middle C–262Hz) played 2 minutes
into each session. Symptoms and mood were assessed on a 7-point Likert scale ranging from
0 (not at all) to 6 (extreme or extremely).
At baseline and during exposure sessions, participants evaluated their experience of
24 physical symptoms (e.g., headache, ear pressure, tiredness), and the extent to which they
felt 12 positive mood items (e.g., relaxed, peaceful, cheerful) and 12 negative mood items
(e.g., anxious, nervous, distressed). For each rating period a total symptom score was
calculated as the number of symptoms experienced with a rating ≥ 1, and a total symptom
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intensity score was calculated as the sum of the ratings given for all symptoms experienced.
Reliability of the symptom questionnaire was established in a previous study (Crichton et al.,
2014c). Further, for each rating period, total positive mood and total negative mood scores
were calculated. The symptom and mood scales all demonstrated good internal consistency
(Cronbach’s alpha for symptom intensity scale = .82; positive mood scale = .95; negative
mood scale = .92). As a manipulation check to see if participants believed that exposure
periods had influenced their symptoms, participants were asked whether they had
experienced an improvement or worsening of symptoms during sessions on two 7-point
Likert scales ranging from 0 (not at all) to 6 (extreme). Symptom improvement or worsening
was assessed as a score ≥ 1.This assessment occurred in a room adjoining the listening room
after experimental procedures had concluded.

Results
We first conducted mixed model analysis of covariance to assess within and between group
differences in terms of change from baseline in symptom reporting during exposure session
one, and exposure session two, controlling for baseline scores. These data are depicted in
Figure 3.1. Results showed a significant interaction between expectation group and exposure
session in relation to both symptom change scores, F (1, 58) = 13.95, p < .001, and symptom
intensity change scores F (1, 58) = 16.27, p < .001. Tukey-Kramer post-hoc tests revealed
that expectation group allocation differentially influenced symptom reporting during
exposure sessions. There were significant differences between the negative expectation group
and the positive expectation group in relation to symptom change scores during session one
(p = .005) and session two (p < .001), and similarly in relation to symptom intensity change
scores during session one (p = .01) and session two (p < .001). There were also within group
differences in symptom reporting in the negative expectation group during session one and
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session two in respect of symptom change scores (p = .037) and symptom intensity change
scores (p = .002). Thus negative expectation group participants became more symptomatic
over time, suggesting that experiences during the first exposure session reinforced symptom
expectations leading to heightened symptomatic experiences.

Figure 3.1. Changes in symptoms, symptom intensity, and mood in negative and positive
expectation groups
To check whether the manipulation had also triggered a significant symptomatic
change from baseline, we conducted repeated measure ANOVAs, using Greenhouse-Geisser
correction when the assumption of sphericity had been violated, on mean symptom and
symptom intensity scores recorded at baseline, during session one, and during session two, as
reported in Table 3.1. Results showed that participants in the negative expectation group
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recorded significant increase from baseline in the number of symptoms experienced F(1.36,
39.45) = 12.12, p < .001, p2 = .30. Analysis revealed there were significant increases from
baseline in the number of symptoms reported during both session one (p = .002) and during
session two (p = .001). This pattern was also seen in relation to symptom intensity, whereby
an increase in symptom intensity was recorded from baseline F(1.32, 38.35) = 9.57, p =
.002,p2 = .25, and analysis showed significant increases in symptom intensity from baseline
reported both during session one (p = .013) and during session two (p = .002).
Table 3.1. Mean (SD) symptom and mood scores in the Negative Expectation (NE) and
Positive Expectation (PE) groups.

Symptom Score

Symptom Intensity

N

Group

Baseline

Session One

Session Two

30

NE

5.2 (2.8)

7.2

(3.1)

8.2 (3.6)

30

PE

6.7 (3.2)

5.2

(2.9)

4.2 (3.3)

30

NE

9.1 (5.8)

12.7 (6.3)

16.3 (10.0)

30

PE

11.8 (7.4)

8.2 (5.2)

6.4 (4.7)

30

NE

7.5 (6.8)

11.1 (10.4)

12.5 (11.0)

30

PE

9.3 (10.7)

5.1 (8.1)

4.1 (6.8)

30

NE

37.0 (10.1)

31.5 (13.3)

28.6 (14.1)

30

PE

34.4 (9.3)

35.9 (9.7)

38.7 (10.4)

Score

Negative Mood Score

Positive Mood Score
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As predicted, in the positive expectation group there were significant decreases from
baseline in the reported experience of both the number of symptoms F(1.31,37.92)=14.56, p
< .001, p2 =.34 and symptom intensity F(1.25,36.26) = 23.72, p < .001, p2 = .45. In terms
of the number of symptoms, there were decreases from baseline during session one (p = .001)
and session two (p < .001). This pattern was also reflected in relation to reported symptom
intensity, whereby there was a decrease from baseline during session one (p < .001) and
session two (p < .001).
We further performed mixed model analysis of covariance to assess within and
between group differences in terms of change in positive and negative mood from baseline
during exposure session one and exposure session two, controlling for baseline scores. These
data are also illustrated in Figure 3.1. In terms of change in negative mood from baseline
there was a significant main effect of group allocation, F(1,57) = 18.26, p < .001. In relation
to change in positive mood from baseline, analysis revealed a significant interaction between
group and session, F(1,58) = 17.59, p < .001. Tukey-Kramer post-hoc tests showed
differences between the groups in relation to positive mood change scores during session one
(p = .011) and during session two (p < .001). Further, there were within group differences,
such that there was a significant decrease in positive mood from session one to session two in
the negative expectation group (p = .016), and a significant increase in positive mood from
session one to session two in the positive expectation group (p = .03).
To assess whether mood during exposure sessions was significantly different from
baseline assessment, we also conducted repeated measures ANOVA. Mood scores are also
presented in Table 3.1. In relation to the negative expectation group, analysis revealed an
increase in negative mood F(1.48, 43.0) = 3.77, p = .043, p2 = .12, and a decrease in positive
mood F(1.46,42.18)=20.48, p < .001, p2 =.41 from baseline. The increase in negative mood
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from baseline occurred during session two (p = .031). In relation to positive mood, there was
a decrease from baseline during session one (p= .001) and session two (p < .001). In the
positive expectation group there was a decrease from baseline in negative mood
F(1.66,48.12) = 21.54, p < .001, p2 = .43, and an increase in positive mood F(1.46,42.31) =
4.99, p < .05,p2 = .15. Analysis showed there was a significant decrease from baseline in
negative mood during session one (p < .001) and session two (p < .001). The significant
increase in positive mood occurred during session two (p = .02).
In terms of the evaluation of perceived health impacts of infrasound exposure, 90% of
the positive expectation group reported an improvement in physical symptoms after listening
sessions had concluded, compared to 10% of the negative expectation group (Χ2 (1, n = 60) =
16.48, p < .001, phi = -.52) . Consistent with this finding, 77% of the negative expectation
group reported a worsening of symptoms during exposure compared to 10% of the positive
expectation group (Χ2 (1, n = 60) = 27.15, p < .001, phi = .67).

Discussion
In this study the experience of symptoms and mood, during exposure to audible wind farm
sound and infrasound, was influenced by the type of expectations provided prior to the
listening sessions. Participants randomised to the negative expectation group showed
significant increases in the number and intensity of symptoms when exposed to wind farm
sound, while participants given positive expectations about the sound showed the opposite
pattern, with a significant reduction in the number and intensity of symptoms. The effect of
expectations on mood following exposure to wind farm sound showed a very similar pattern,
with increases in negative mood in the negative expectation group, and increases in positive
mood in the positive expectation group.
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The finding that negative expectations about wind farm sound prompted increased
symptom reporting during exposure to infrasound is consistent with earlier research. In a
previous sham-controlled experiment, the information that infrasound exposure has been
reported to cause symptoms created elevated concern about the health effects of wind farms,
and triggered symptoms during exposure to both sham and genuine infrasound. The study
demonstrated that symptom reports were provoked by expectations rather than any effect of
actual infrasound (Crichton et al., 2014c). The results are also consistent with other research
indicating health warnings may elicit health complaints, even when the risk itself is purely
one of perception and no genuine risk is posed (Colloca & Miller 2011; Faasse, Gamble,
Cundy, & Petrie, 2012; Faasse & Petrie, 2013). In one such study, viewing a television report
about purported health risks associated with exposure to electromagnetic fields produced by
Wi-Fi was shown to increase the likelihood of experiencing symptoms following sham
exposure to a Wi-Fi signal (Witthöft & Rubin, 2013). Evidence indicates that such
information can increase anxiety and create related symptom expectations, which trigger later
increased symptom reports (Faasse & Petrie, 2013).
It is important to note that this is the first study to demonstrate that participants
exposed to wind farm sound experienced a placebo response elicited by positive pre-exposure
expectations. Participants reported positive health effects during exposure to wind farm sound
if they were given expectations that infrasound produced health benefits. These findings are
consistent with previous work showing participants exposed to white noise, within a context
designed to produce therapeutic expectations, evaluated the exposure as significantly more
pleasant, relaxing, and beneficial, than participants simply exposed to white noise without
expectations (Kendrick & Elkins, 2012). The malleability of symptom reporting has also been
demonstrated in an experiment where participants placing their finger on a rough vibrating
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surface interpreted the experience as pleasurable, painful or neutral, depending upon the way
in which the stimulus was described prior to the experiment (Anderson & Pennebaker, 1980).
The study has two important implications. First, it provides further evidence that
information easily accessible on the internet concerning the health effects of wind turbines
can create symptom expectations that are reflected in symptom and health reports. The fact
that negative expectations in the current study were formed by viewing television material
sourced from the internet suggests that a pathway for symptom reports attributed to wind
farms could be via expectations created by media coverage about purported health effects.
Second, the study demonstrates that if information about infrasound were framed in more
neutral or benign ways then reports of symptoms or negative health effects are likely to be
nullified.
It should be noted that the study is limited by the fact that discrete sound exposure
periods in a listening room may not entirely duplicate the experience of sound in the locale of
a wind farm. However, the study has added ecological validity in that exposure was to
audible sound recorded from a wind farm, overlaid with infrasound, and the health
expectations were constructed using material easily available on the internet. It should also be
noted that it cannot be conclusively determined whether negative experiences triggered by
negative health expectations can be reversed or alleviated by the later provision of positive
information, or whether positive health information can protect against the future effects of
exposure to negative health information, such as is often circulated in communities where
wind farms are proposed or operating (Chapman, 2011). This issue is of importance given
that current media coverage has been shown to incorporate fright factors that may induce
fear, anxiety and concern about the health risk posed by wind farms (Deignan, Harvey, &
Hoffman-Goetz, 2013). Future research should investigate whether positive expectations can
change symptomatic experiences in participants previously made aware of negative health
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information, or provide a buffer against the influence of the later delivery of negative
expectations. This should provide further evidence useful to inform strategies designed to
reduce anxiety and symptom reporting in those living in the vicinity of wind farms.

53

4. Accentuate the positive: Counteracting psychogenic responses
to media health messages in the age of the internet
Published in: Journal of Psychosomatic Research 2015; 79: 185-189.

Abstract
Objective: The internet has expanded the scope for creating health scares and increased the
risk of nocebo responding in individuals exposed to misinformation about threats to personal
health posed by aspects of modern life, such as exposure to new technologies. It was the aim
of this experiment, to investigate whether the delivery of positive expectations might reduce
or reverse symptoms triggered by negative expectations formed from such misinformation.
Method: In the context of a study investigating symptoms during exposure to windfarm
sound, 64 volunteers assessed their symptomatic experiences during two discrete sessions,
throughout which they listened to wind turbine sound containing audible and sub-audible
(infrasound) components. Participants were randomly assigned to watch either positive or
negative information about the health effects of infrasound prior to their first infrasound
exposure session. They were then shown the alternate information and exposed to infrasound
during their second session. Results: Participants receiving negative expectations were less
symptomatic during exposure if they had previously received positive expectations about
infrasound. Further, participants given positive expectations after the earlier delivery of
negative expectations exhibited a placebo response, reversing the nocebo response exhibited
in their first exposure session. Conclusion: Results suggest that accessing positively framed
health information may reverse or dilute the effect of negative expectations formed from
exposure to media warnings about health risks posed by new technologies, such as wind
turbines.

54

Introduction
The advent of the internet has expanded the scope for creating, circulating, and perpetuating
health scares, and has dramatically increased the potential for consequent psychogenic
responses in the community (Bartholomew, Wessely, & Rubin, 2012). The internet is now a
pervasive source of misinformation about threats to personal health including those posed by
outbreaks of infectious disease, such as H1N1 and Ebola (Tausczik, Faasse, Pennebaker, &
Petrie, 2012), the dangers posed by public health interventions, such as fluoridation
programmes (Armfield, 2007), as well as possible health problems arising from new
technologies (Filipkowski et al., 2010; Rief et al., 2012). Common modern technology fears
include the risks to health of vaccinations (Kata, 2010), genetically modified food (Rutsaert
et al., 2013), exposure to weak electromagnetic fields from cell phones and Wi-Fi (Rubin,
Nieto-Hernandez, & Wessely, 2010), as well as health concerns about new forms of energy
production, such as wind turbines (Chapman, 2014). The reporting of symptoms, as a result
of being exposed to and accessing misinformation about modern technologies, can cause
opposition to public health initiatives designed to improve community health, such as water
fluoridation (e.g. Armfield, 2007); reinforce irrational and sometimes socially damaging
health behaviours, such as the avoidance of vaccinations (e.g. Bean, 2011); and result in ongoing symptomatic experiences and distress in the community (Poumadère & Perrin, 2013).
The availability of misinformation on the internet can be very difficult to correct
(Lewandowsky, Ecker, Seifert, Schwarz, & Cook, 2012). This has important public health
implications because the dissemination of information, suggesting that adverse health effects
may be induced by exposure to modern technologies and perceived environmental hazards,
has been shown to create negative expectations prompting symptom reporting, during periods
when exposure is irrefutably benign (Lorber, Mazzoni, & Kirsch, 2007; Witthöft & Rubin,
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2013). Reported health impacts can be explained on the basis that such information provokes
nocebo-related effects, where it is the expectation of ill effects that causes people to
experience symptoms (Benedetti, Lanotte, Lopiano, & Colloca, 2007; Faasse & Petrie, 2013).
One solution to the use of the internet to misrepresent science, and promote
counterproductive health behaviours and expectation related responses, might be to employ
the internet to present alternative narratives (King, 2014). Evidence indicates individuals are
increasingly using the internet to source health related information (Macario, Ednacot,
Ullberg, & Reichel, 2011), so effective strategies designed to address the potential for
consequential nocebo responding are likely to involve counteracting or mitigating the effect
of accessing negative health messages, rather than attempting to prevent exposure to negative
messages altogether. As expectations have been shown to influence health in both positive
and negative directions (Colloca & Miller, 2011), a successful approach might be to harness
positive expectations as protection against the potential for adverse health experiences to
arise from negative expectations formed from negative health information about modern
technologies.
To test this we designed a study in which people were given both negative and
positive health information about sound generated by wind turbines. In the case of wind
farms, suggestions from anti-wind farm activists that sub-audible sound (infrasound)
produced by wind turbines is directly responsible for a number of non-specific symptoms,
such as headache, fatigue and nausea have persisted over recent years, and are perpetuated on
the internet (Leventhall, 2013). Although the science does not support the existence of a link
between exposure to infrasound produced by wind turbines and adverse health effects (Bolin,
Bluhm, Eriksson, & Nilsson, 2011; Turnbull, Turner, Walsh, 2012), evidence indicates
expectations formed from face to face encounters with those opposed to wind farms, or
triggered by negative information available on the internet about the health effects of wind
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farms, provide a pathway for symptom reporting in community settings (Chapman, St
George, Waller, & Cakic, 2013; Chapman, Joshi, Fry, 2014). Interestingly, infrasound
exposure also has reputed therapeutic benefits (Yount, Taft, West, & Moore, 2004), and there
are infrasound-producing devices marketed to the public as curative tools, promoted as
ameliorating the same symptoms claimed to be caused by wind farms (Haneke, Carson,
Gregorio, & Maull, 2001). Thus, infrasound can also be framed in a positive way; as a
naturally occurring phenomenon with claimed health benefits.
The experiment was devised to test two hypotheses: (1) That the experience of
symptoms and deterioration of mood triggered by negative expectations about exposure to
infrasound would be reversed or alleviated by the provision of positive expectations about
infrasound exposure; and (2) That the provision of positive expectations about infrasound
would provide a buffer against the influence of the later delivery of negative expectations
about exposure to infrasound produced by wind farms.

Method
Sixty four student volunteers, 44 female and 20 male, aged between 17 and 56 years (M =
22.09, SD = 7.03), were recruited by flyer to participate in the experiment, described as an
experiment designed to assess the influence of infrasound, on symptoms and mood. The
experiment took place at the University of Auckland Acoustic Research Centre, a research
facility designed for the study of sound, in a listening room constructed to international
standards for the execution of subjective listening experiments (IEC268-13).
Participants took part in two ten minute listening sessions during which they were
constantly and simultaneously exposed to infrasound (9Hz, 50.4dB) and audible wind turbine
sound (43dB). Audio-visual materials integrating information on the internet about the
ostensible therapeutic benefits of infrasound (the positive expectation DVD), as well as the
purported adverse health effects of exposure to infrasound produced by windfarms (the
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negative expectation DVD), were viewed by every participant. Half the participants were
randomised to watch the positive expectation DVD before their first listening session and the
negative expectation DVD before their second listening session (the positive first group). The
remaining participants watched the negative DVD before their first listening session and the
positive DVD before their second listening session (the negative first group).
Randomisation of participants occurred using a computer generated random number
sequence. Assessment of the optimal sample size was carried out using G-Power (Faul,
Erdfelder, Lang, & Buchner, 2007), on the basis of analysis involving a 2 x 2 mixed design
analysis of variance, to determine within and between group differences in relation to
symptom reporting during listening sessions which followed the negative expectation DVD
(the negative session), and listening sessions which followed the positive expectation DVD
(the positive session). It was calculated that with at least 54 participants (27 participants in
each group), setting power at .95 and alpha at .05, it would be possible to detect a medium
effect (f = .25) (Cohen, 1990). Upon completion of the experiment participants received a
NZ$20 shopping voucher. Participants were also fully debriefed at the end of the study.
Materials
A combination of the Adobe® Audition software package with a Presonus® Firepod audio
interface, and a Mackie® HR 150 active studio woofer was used to construct custom-made
sound files to produce infrasound at 9Hz, which was transmitted during listening sessions at
50.4dB. The audible sound played during listening sessions was transmitted at 43dB. The
sound had been recorded 1km from a wind farm and, as such, was a blend of all the
environmental sounds present. This improved the ecological validity of the experiment,
because, in a natural setting, when the wind is sufficient to drive a wind turbine, the sound
experienced is an amalgam of all the sounds in the environment, including the sound of both
the wind farm and the background sound of the wind itself.
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Digital Video Disc (DVD) presentations were each 6 minutes and 15 seconds in
length. The positive expectation DVD depicted sound between 8 and 14 Hz as having
reported therapeutic effects and studies investigating health benefits were outlined (e.g.
Yount et al., 2004). In contrast, the negative expectation DVD put forward the explanation
that when infrasound reached 20Hz it moved from therapeutic levels, to an intensity that had
been reported to cause adverse health effects in people living in the vicinity of windfarms.
Participants were told the audible sound played during both ten minute listening sessions was
that of a windfarm, and the only point of difference between sessions was the level of
infrasound being played; at 9Hz in sessions following the positive DVD and at 20Hz
following the negative DVD. In reality, infrasound was continuously played at a constant
9Hz during both listening sessions.
Measures
At baseline and during exposure sessions, participants assessed their experience of 24
physical symptoms (e.g. headache, ear pressure, tiredness), 12 positive mood items (e.g.
calm, peaceful, cheerful) and 12 negative mood items (e.g. worried, anxious, distressed) on a
seven point Likert scale ranging from 0 (not at all) to 6 (extreme or extremely). For each
assessment period a total symptom score was evaluated as the number of symptoms reported
with a rating ≥ 1, and a total symptom intensity score was calculated as the sum of the ratings
made for all symptoms reported. In relation to mood, for each period of assessment, a total
positive mood score was evaluated as the cumulative total of the ratings given for all positive
mood items, and a total negative mood score as a sum of the ratings made for all negative
mood items. The scales used were shown to have good internal consistency (Cronbach’s
alpha for symptom scale = .88; positive mood scale = .89; negative mood scale = .87).
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Results
To evaluate whether the later provision of positive expectations reversed nocebo
responding, triggered by the earlier delivery of negative expectations, we conducted repeated
measures analyses of variance to evaluate differences in symptom and mood reporting in the
negative expectation first group, at three different time points (baseline, during session one
and during session two). There was a significant effect of time of assessment in relation to the
number of symptoms reported F(1.47, 45.5) = 44.72, p < .001,p2 = .59; symptom intensity,
F(1.44, 44.75) = 28.26, p < .001,p2 =.48; negative mood F(1.35, 41.98) = 24.55,
p<.001,p2=.44; and positive mood F(1, 62) = 34.62, p < .001,p2 = .53. Post hoc analyses
using Bonferroni corrections showed that, during session one, negative expectation first
participants experienced an increase from baseline in symptoms, symptom intensity and
negative mood, as well as a decrease in positive mood (ps < .001). Thus results showed that
negative expectations delivered prior to session one, triggered nocebo responding.
Importantly, this was reversed during session two by the provision of positive expectations.
Analysis showed that during session two, negative expectation first participants experienced a
decrease from baseline in symptoms (p = .002) and negative mood (p < .001), as well as a
return to baseline in symptom intensity and positive mood.
We also wanted to assess whether prior positive expectations had a dampening effect
on the influence of subsequent negative expectations in relation to symptomatic experiences
and mood. To evaluate this we next conducted 2 (type of expectation session: measurement
during negative sessions versus measurement during positive sessions) x 2 (group: negative
first versus positive first) mixed design ANCOVA, controlling for baseline scores.
Symptom and mood reporting by each group during positive and negative listening
sessions is depicted in Figure 4.1. There was a significant main effect of type of expectation
session in terms of reported symptoms F(1,61) = 27.64, p < .001,p2 =.31; symptom intensity
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F(1,61) = 24.62, p < .001, p2 =.29; negative mood F(1,62) = 4.84, p = .032,p2 = .07.
Controlling for baseline scores removed any significant main effect of type of expectation on
positive mood scores. Analysis also revealed significant interactions between group and type
of expectation session in relation to reported symptoms F(1,61) = 12.70, p = .001,p2 = .17;
symptom intensity F(1,61) = 8.30, p = .005,p2 =.12; and negative mood F(1,61) = 12.65,
p = .001,p2 = .17.
Post hoc analyses using bonferonni corrections demonstrated that, in the course of
negative sessions, participants in both groups were more symptomatic and experienced
greater negative mood. During negative sessions, positive first participants recorded more
symptoms (p = .001), greater symptom intensity (p <. 001) and greater negative mood (p =
.017), than recorded during positive sessions. This pattern was also seen in relation to
negative first participants, whereby during negative sessions they reported more symptoms,
greater symptom intensity and greater negative mood (ps <. 001) than in positive sessions.
Importantly, post hoc analyses evaluating differences between the groups showed that, during
negative listening sessions, positive expectation first participants had fewer symptoms (p =
.026), lower symptom intensity (p = .047), and less negative mood (p = .006), than negative
expectation first participants. This indicates there was an ameliorating effect of receiving
positive expectations prior to receiving negative expectations. Interestingly, during positive
listening sessions, negative expectation first participants experienced fewer symptoms than
positive expectation first participants (p = .041), and less negative mood (p = .009), although
there was no difference in symptom intensity. Therefore the influence of positive
expectations on symptom reporting was not undermined by the earlier delivery of negative
expectations and was even more effective in reducing the number of symptoms experienced.
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Figure 4.1: Symptom and mood reporting by each group at baseline and during negative
expectation (NE) and positive expectation (PE) listening sessions

Discussion
The results of the study indicated that the framing of health information about modern
technologies, in a positive way, can dilute or reverse the effects of negative expectations
formed from accessing misinformation about the health effects of such technologies. The data
were consistent with an ameliorating effect of receiving positive expectations prior to
receiving negative expectations, During negative sessions, positive expectation first
participants had fewer symptoms, lower symptom intensity, and less negative mood than
negative expectation first participants. Further, participants receiving positive expectations
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following the earlier delivery of negative expectations exhibited a placebo response, which
reversed the nocebo response exhibited in their first exposure session.
In the age of the internet there is unprecedented community exposure to negative
information about the speculated health risks posed by aspects of modernity, such as the use
of renewable energy technologies and implementation of vaccination programmes, even
when such technological advancement is designed to improve health outcomes. Our study
confirms that accessing such negative information can create negative expectations leading to
symptom reporting and negative mood effects. This is in line with both field and
experimental evidence demonstrating that media messages, creating or exacerbating concern
that exposure to modern technologies is harmful, can lead to symptom reporting, even during
periods of benign exposure. In one such case, after reports fuelled by the media that
genetically modified corn had inadvertently entered the human food chain, a number of
individuals reported symptoms they attributed to exposure to transgenic corn, ranging in
seriousness from weakness to fainting requiring hospitalisation, although it was later
established there had been no such exposure (Brewer, Hallman, & Kipen, 2008; Centers for
Disease Control and Prevention, 2001). Further, in an experimental study, participants
randomised to watch a television report outlining the negative health effects of Wi-Fi were
shown to have an increased likelihood of experiencing symptoms following exposure to a
sham Wi-Fi signal (Witthöft & Rubin, 2013).
Relevantly, in relation to wind farms, we have shown that seeing information from
the internet that infrasound generated by wind turbines poses a health risk, creates negative
expectations triggering symptomatic experiences, during separate periods of exposure to
genuine infrasound and sham infrasound (actually silence) (Crichton, Dodd, Schmid,
Gamble, & Petrie, 2014). Importantly, in a follow-up study, participants randomised to
receive negative health information about wind turbine infrasound, before exposure to
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audible and sub-audible wind farm sound, during two listening sessions, became more
symptomatic over time (Crichton, Dodd, Schmid, Gamble, Cundy, & Petrie, 2014).
Participants reported an increase from baseline experienced during listening session one and a
further significant increase in symptoms from listening session one to listening session two.
This indicates that when symptom experiences match negative expectations, this can
reinforce expectations leading to further heightened symptomatic responses. This highlights
the need for effective strategies to change negative expectations created by media
misinformation about new technologies, without which a pattern of symptom reporting may
become self-perpetuating.
Results also provide further evidence of the malleability of symptomatic experiences,
and are consistent with research showing that an identical stimulus can produce either
placebo or nocebo effects, depending upon the way it is portrayed (Crichton et al., 2014b).
This is exemplified in a study in which an inert sugar free drink, described as either
performance enhancing or fatigue inducing, was shown to produce ratings of muscle
discomfort during arm exercises which aligned with the expectation provided prior to the
sports performance task (Bottoms, Buscombe, & Nicholettos, 2014). Another such study
demonstrated that positive and negative expectations shaped the experience of visceral pain,
in that experimentally induced abdominal pain either increased or decreased following the
application of the same inert substance depicted as either a potent pain killer or as having
pain sensitising qualities (Elsenbruch et al., 2012).
Further, findings are consistent with evidence that framing health information about
modern technologies in positive and negative ways can differentially influence symptom
reporting. Framing influenza vaccine benefits positively, as the percentage of people who
remain free of influenza and experience no side effects, as opposed to framing benefits
negatively, as the percentage of people who acquire influenza and have vaccine side effects,
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has been shown to reduce reported side effects of the vaccination (O’Connor, Pennie, &
Dales, 1996).
The current study is limited by the fact that expectations influencing subjective health,
during discrete periods in an experimental setting, may not translate to experiences in realworld settings. However it is a strength of the study that negative expectations are created
from media information which field evidence indicates are influencing symptom reporting in
the community, thereby improving the study’s ecological validity (Chapman et al., 2013). It
is a further strength that all the participants were exposed to negative health messages, as well
as positive health messages, as individuals in the real world seeking health information about
modern technologies, particularly through social media, are unlikely to be exposed simply to
positive messages (Madden, Nan, Briones, & Waks, 2011).
The current study is the first to our knowledge to find that symptom reporting and
worsening of mood initiated by negative expectations, created by information circulated by
mass media, can be nullified by the provision of positive expectations. Further, delivering
initial positive expectations appeared to operate to weaken later negative expectations.
Findings suggest that providing positive expectations about modern technologies has the
potential to reduce nocebo responding in the community as a result of exposure to negative
health information, in part, by providing a buffer against the delivery of negative
expectations. However, while this study provides critical information that negative
expectations can be changed, future investigation is required to determine whether long-term
symptom reporters, with more established beliefs about the negative impacts of exposure,
will be receptive to an alternative positive narrative.
It is becoming increasingly necessary to address negative health messages circulated
by mass media, particularly the internet; a medium through which unsubstantiated lay
opinions, about health risks posed by new technologies, can be disseminated as fact to a wide
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audience (Chung, 2011). Future research should be directed to investigating the most
effective way of widely communicating positive and accurate health messages about modern
technologies. This is particularly important in relation to technologies designed to improve
health outcomes, such as those involving vaccination programmes and alternative energy
initiatives. Given the rising use of e-technologies to access health information (Macario et al.,
2011), such research should encompass exploring the value of using web-based applications,
such as social media, to distribute accurate and positive health information, to counteract
negative health information often promulgated through those same channels.
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5. Health complaints and wind turbines: The efficacy of
explaining the nocebo response to reduce symptom reporting
Published in: Environmental Research 2015; 140, 449-455.

Abstract
Background: A number of people are reporting an environmental sensitivity to sub-audible
wind farm sound (infrasound), characterised by the experience of recurrent non-specific
symptoms. A causal link between exposure and symptoms is not indicated by empirical
evidence. Research indicates that symptoms may be explained by the nocebo response,
whereby health concerns and negative expectations, created from social discourse and media
reports, trigger symptom reporting. Objective: The experimental aim was to test whether
providing a nocebo explanation for symptoms, to individuals reporting symptomatic
experiences during infrasound exposure, would ameliorate symptoms during further
exposure. Method: Sixty-six volunteers were randomly assigned to nocebo explanation or
biological explanation groups. Participants were concurrently exposed to infrasound and
audible wind farm sound, while reporting on current symptoms and mood, during two
exposure sessions. Preceding session one, participants watched a presentation integrating
media warnings about purported health risks posed by wind farm infrasound. Before session
two, nocebo explanation participants viewed material outlining how nocebo responding could
explain symptom reporting. Instead biological explanation participants watched material
presenting pathophysiological theories for symptoms. Results: During session one,
participants reported increased symptoms and mood deterioration from baseline assessment.
During session two, symptom reporting and mood deterioration was maintained by biological
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explanation participants, while mood and symptoms reported by nocebo explanation
participants returned to baseline levels. Conclusion: Results indicate that providing an
explanation of the nocebo response, followed by exposure to infrasound, has the potential to
operate as an intervention to reduce symptomatic experiences in people reporting symptoms
attributed to wind farm generated infrasound.

Introduction
While harnessing wind power is widely considered to be a vital component of global energy
policies designed to address climate change, the construction of wind farms has become
increasingly contentious in many local communities (Knopper et al., 2014). This is often
because of assertions that sensitive individuals, living in the environs of a wind farm, risk
developing an environmental illness (Knopper & Ollson, 2011). This environmental illness,
often referred to as wind turbine syndrome, is said to be characterised by the experience of
recurrent non-specific symptoms triggered by exposure to the low frequency sub-audible
sound (infrasound) generated by wind turbines (Pierpont, 2009). That some individuals report
a sensitivity to infrasound has public health implications given associations between
perceived environmental sensitivities and poorer subjective health (Baliatsas, Van Kamp,
Hooiveld, Yzermans, & Lebret, 2014); increased health care utilisation (Rubin, Cleare &
Wessely, 2008) decreased occupational performance (Peachy-Hill & Law, 2000); reduced
quality of life (Nordin et al., 2013); psychological distress (Skovbjerg et al., 2012); and social
withdrawal (Boyd, Rubin, & Wessely, 2013).
Treating individuals reporting symptoms, attributed to wind turbine generated infrasound
exposure, is complicated by the fact the evidence does not support a direct pathophysiological
relationship between infrasound and the symptoms experienced (Bolin, Bluhm, Eriksson, &
Nilsson, 2011; Ellenbogen et al., 2013; Merlin, Newton, Ellery, Milverton, & Farah, 2014).
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Infrasound is consistently present in the external environment created by natural phenomena,
such as air turbulence and ocean waves, and by machinery, such as traffic and airconditioning units (Leventhall, 2006). Further, comprehensive assessment of levels of
infrasound at residences close to wind farms has shown equivalence with measured levels
found in other rural and urban environments and, importantly, that wind turbine generated
infrasound does not significantly contribute to background levels of environmental
infrasound (Evans, Cooper, & Lenchine, 2013).
Understanding what might be causing symptom reports is critical to inform successful
interventions to alleviate distress and symptom reporting in communities in which wind
farms are proposed and operating. It is noteworthy that experiencing symptoms is a common
phenomenon, and is not in and of itself indicative of illness. A recent general population
study found that over the course of a week respondents experienced a median number of 5
symptoms, 23% of the population reported 10 or more symptoms, and only 10.6% of
respondents were completely symptom free (Petrie, Faasse, Crichton, & Grey, 2014). In the
case of wind turbine syndrome the collection of symptoms reported, such as headache,
tinnitus, fatigue, dizziness, sleep problems, anxiety, irritability, depressed mood, and an
inability to concentrate, are commonly experienced in the community (e.g., McAteer, Elliott,
& Hannaford, 2011; Shargorodosky, Curhan, & Farwell, 2010).
Interestingly, symptomatic experiences attributed to wind turbines substantially occurred
after a self-published book (Pierpont, 2009) put forward the theory that wind turbine
generated infrasound was causing a constellation of common symptoms in people living close
to wind farms, and also outlined a proposed biological mechanism for symptoms (Chapman,
St George, Waller, & Cakic, 2013). Although the established science does not support such
assertions, claims that wind farm infrasound is hazardous to health have since proliferated
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through social discourse and the media, particularly via the internet (Leventhall, 2013). The
dissemination of information which creates a perception that an environmental exposure is
hazardous to health can itself trigger symptom reporting, even when the environmental
exposure is completely innocuous, through the nocebo effect (Crichton, Chapman, Cundy, &
Petrie, 2014; Faasse & Petrie, 2013). The nocebo effect may be conceptualised as the flip
side of the placebo effect and, in a medical context, transpires when symptomatic responses
follow the administration of an inert medication or procedure (Barsky, Saintford, Rogers, &
Borus, 2002). The nocebo response to a benign environmental exposure occurs when
individuals expect symptoms from exposure, so they are more likely to notice and report
symptoms consistent with health concerns (Pennebaker, 1994; Petrie et al., 2005).
Epidemiological and experimental evidence indicates that, rather than any adverse
physiological impact of infrasound, negative expectations and symptom misattribution are
driving symptom reporting in the vicinity of wind farms (Chapman et al., 2013., Crichton,
Dodd, Schmid, Gamble, Cundy, & Petrie, 2014).
Given mounting evidence that anxiety and negative expectations may help explain
symptom reports attributed to infrasound generated by wind farms, a simple intervention to
reverse such symptom reporting might be to provide an explanation of the nocebo effect to
those reporting symptoms, to reduce anxiety and change expectations. Evidence suggests that
simply telling affected individuals that symptoms do not have an organic basis, and that wind
turbine produced infrasound exposure would not cause symptoms, is unlikely to be sufficient
to reduce anxiety and symptom reports (Petrie & Sherriff, 2014). However, the provision of a
more coherent alternative explanation for the experience of symptoms, such as an account of
how nocebo responding could explain symptom reporting, might reduce concern, provide
reassurance, and alleviate symptoms.
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Accordingly, in this study, we tested the potential, for the provision of a nocebo
explanation for symptomatic experiences, to reverse symptom reporting triggered by negative
expectations created from media information about a purported environmental health threat.
A community sample was chosen to participate in the study because affected individuals
most often identify as previously healthy members of the community, who now have an
environmental illness, having experienced a rapid, intense and/or persistent onset of
symptoms, which coincided with exposure to wind turbine sound (Chapman, 2011). The
study builds on a sham controlled experiment which demonstrated that negative information
disseminated by the media about the purported health risks posed by infrasound produced by
wind farms creates negative expectations triggering symptomatic responses during exposure
to both genuine and sham infrasound (Crichton, Dodd, Schmid, Gamble, & Petrie, 2014).
This experiment also revealed that individuals not given negative expectations about the
health effects of infrasound, experienced no increase in symptoms during infrasound
exposure, further confirming the involvement of nocebo responding in creating symptomatic
experiences.
In this study we hypothesised that participants viewing media information about the
health risk posed by infrasound generated by wind turbines would exhibit a nocebo response,
reflected in increased symptoms and mood deterioration, during simultaneous exposure to
audible and sub-audible wind farm sound. We further hypothesised that participants provided
information explaining the nocebo effect, following their initial exposure to infrasound,
would experience a return to baseline in reported symptoms and mood during a second
exposure period. In contrast, we hypothesised that participants provided information about a
proposed biological mechanism for symptoms, would maintain elevations in symptoms and
deterioration in mood during a second exposure period.
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Materials and Method
Study Design
The study incorporated a within and between subjects design in which participants took part
in two fourteen minute listening sessions, throughout which they were concurrently exposed
to infrasound (9Hz, 50.4dB) and audible wind turbine sound (43dB), while reporting on their
current symptoms and mood. Participants were randomly assigned to either a nocebo
explanation group or biological explanation group, according to a computer generated
random number sequence.
Immediately preceding the first listening session participants, in both groups, viewed
the same audio-visual presentation featuring material from the internet about the purported
health risks posed by infrasound produced by wind farm. During a fifteen minute interval
between listening session one and listening session two, participants in the nocebo
explanation group viewed audio-visual material which explained that the scientific evidence
did not support a direct link between symptoms reported and infrasound, and then described
how the nocebo effect could provide a pathway for symptom reporting. In contrast, before the
second exposure period, participants in the biological explanation group watched audiovisual material which presented pathophysiological theories for symptom reporting.
Experimental procedures were conducted at the acoustic research facility of the
University of Auckland, in a listening room built for experiments assessing subjective
responses to sound, to the standard set by the International Electrotechnical Commission
(IEC268-13). The study was reviewed by and received ethics approval from the University
of Auckland Human Participants Ethics Committee: reference number: 010607.
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Participants
A community sample consisting of 66 volunteers, 43 female and 23 male, aged between 17
and 70 years (M = 27.56, SD = 12.69), completed experimental procedures. Participants were
recruited by a local community newspaper advertisement and flyer, placed on the University
of Auckland website, asking for volunteers interested in participating in research
investigating symptom and mood experiences during exposure to infrasound, sound below
the threshold of human hearing. Participants were informed they would be exposed to
infrasound during two 14 minute exposure periods and were reassured they could stop the
experiment at any time. At the end of the experiment volunteers were fully debriefed, and
received a NZ $20 shopping voucher. The optimal sample size was calculated using G-Power
(Faul, Erdfelder, Lang, & Buchner, 2007), on the basis of main analysis involving a 2
(nocebo explanation versus biological explanation) x 3 (measurements at baseline, session
one, and session two) mixed analyses of variance to determine within-between interactions in
relation to symptom reports and mood. Assessment showed that with a minimum of 44
participants, setting power at .95 and alpha at .05, it would be possible to detect a medium
effect (f = .25) (Cohen, 1990).
Materials
Audible and sub-audible wind farm sound
Sound files were constructed using a combination of the Adobe® Audition software package
with a Presonus® Firepod audio interface, and a Mackie® HR 150 active studio woofer, to
produce infrasound at 9Hz, which was transmitted throughout exposure sessions at 50.4dB.
Audible wind farm sound, which had been recorded 1km from a wind farm, was
simultaneously played at 43dB. It has been established that that the audible and sub-audible
sound played would not generate adverse health effects (Crichton et al., 2014b).
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Audio-visual materials
Audio-visual materials consisting of Digital Video Disc (DVD) presentations were each of 5
minutes 40 second duration. The negative expectation DVD, played to all participants before
the first listening session, set negative expectations by incorporating information sourced
from the internet about the alleged risk posed by infrasound produced by wind farms, which
included television footage of people discussing their adverse symptomatic experiences
attributed to wind turbine sound exposure. The nocebo explanation DVD put forward the
scientific evidence that, despite information found on the internet about the health risk posed
by infrasound, infrasound exposure was an everyday experience, and exposure to infrasound
at the level produced by wind farms would not produce adverse health effects. Further, the
DVD provided an explanation of the nocebo effect, and peer reviewed scientific evidence
supporting the involvement of the nocebo response in symptom reporting around wind farms
was outlined (e.g. Chapman et al., 2013; Crichton et al., 2014c).

The biological explanation DVD put forward proposed pathophysiological
mechanisms for symptom reporting found online: (1) that the outer hair cells of the auditory
portion of the inner ear, the cochlea, are stimulated by infrasound (Salt & Hullar, 2010) and;
(2) infrasound interferes with auditory and visual signals received by the brain, because of a
sensitivity of the sensory system primarily responsible for movement, balance, and spatial
orientation (the vestibular system), to low frequency vibration (Pierpont, 2009).

Measures
Demographic Data
All participants completed a demographic information questionnaire in which participants
indicated their sex, ethnicity, age, employment status, and level of education.
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Concern about the health effects of wind farm sound
As a manipulation check participants were asked to indicate the extent to which they agreed
with the statement “I am concerned about the health effects of sound produced by wind
turbines”. Assessment was made on a 100mm visual analogue scale from 0 disagree strongly
to 100 agree strongly at three different time points; at baseline, after viewing the negative
expectation DVD, and at the end of the experiment.

Coherence and plausibility of explanations for health effects
After viewing either the nocebo or biological explanation DVD, participants evaluated six
questions about the coherence and plausibility of the explanations on a 100mm visual
analogue scale, from 0 disagree strongly to 100 agree strongly. Participants were asked four
questions about the extent to which they found the explanation provided to them: (1) easy to
understand; (2) made sense; (3) was convincing; and (4) was correct. Participants were also
asked a further two questions, repeated at the end of the experiment. Nocebo explanation
participants were asked about the extent to which they believed: (1) accessing information on
the internet, or being provided with information, that infrasound causes poor health and
physical symptoms, such as headache, might cause people to experience these symptoms, and
(2) whether nocebo response, where expectations lead to the experience of symptoms, might
explain why people report symptoms from infrasound produced by wind farms. Biological
explanation participants were asked about the extent to which they believed: (1) infrasound
affects sensory hair cells which would explain why people report symptoms from infrasound
produced by wind farms, and (2) symptoms were triggered as a result of infrasound
interfering with auditory and visual signals received by the brain.
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Symptoms and mood
At baseline and during exposure sessions, participants assessed their experience of 24
physical symptoms (e.g. dizziness, ear pressure, nausea), 12 positive mood items (e.g. calm,
relaxed, cheerful) and 12 negative mood items (e.g. worried, anxious, distressed) on a seven
point Likert scale ranging from 0 (not at all) to 6 (extreme or extremely). Symptom and mood
questionnaires were completed during each exposure period, prompted by a 2-second audible
tone (middle C–262Hz) played 2 minutes into each session.
For each assessment period a total symptom score was evaluated as the number of
symptoms reported with a rating ≥ 1, and a total symptom intensity score was calculated as
the sum of the ratings made for all symptoms reported. In relation to mood, for each period of
assessment, a total positive mood score was evaluated as the cumulative total of the ratings
given for all positive mood items, and a total negative mood score as a sum of the ratings
made for all negative mood items.
The questionnaires were developed by the authors to include mood experiences and
symptoms said to arise as a result of exposure to wind farm sound (e.g. Pierpont, 2009).
Reliability has been established in previous studies assessing subjective responses to
infrasound exposure (Crichton et al., 2014b; Crichton et al., 2014c). The questionnaires were
demonstrated to have good internal reliability over the course of the current study, with
Cronbach’s alpha coefficients between .82 and .95 for the symptom questionnaire; between
.87 and .93 for the negative mood scale; and .89 and .93 for the positive mood scale.

Data analysis
Statistical analysis was conducted using SPSS version 22 statistical software. As a
randomisation check a comparison of groups was carried out to determine whether the groups
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differed significantly on any demographic variable. This analysis was undertaken using
independent t tests for parametric data, and chi-square tests for categorical data. Further, a
mixed design analysis of variance (ANOVA) was conducted to test within and between group
differences in health concerns at baseline, after viewing the expectation video, and at the end
of the experiment. To evaluate differences in symptom and mood reporting over the course of
the experiment, mixed design analyses of covariance (ANCOVA), controlling for baseline
scores, were undertaken to assess any within and between group differences at baseline and
during exposure sessions. All p values in multiple comparisons were adjusted using
Bonferroni corrections.

Results
Randomisation check
There were no significant differences between the groups, in relation to any of the
demographic variables assessed.
Concern about health effects of sound produced by wind farms
In relation to concern about the health effects of sound produced by wind farms, results
showed a significant group by time interaction F(2, 128) = 38.90, p < .001, p2 = .38.
Analysis showed concern significantly increased from baseline in both groups when assessed
immediately after viewing the negative expectation DVD (ps < .001). This concern increased
over the course of the experiment in the biological explanation group, with a further
significant increase in concern from viewing the negative expectation DVD to assessment at
the end of the experiment (p = .006). This indicated that the experience of biological
explanation participants was consistent with the provision of negative expectations, and that a
biological explanation for adverse health effects increased concern over and above the
provision of information that infrasound was causing symptoms in people living close to
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wind farms. In relation to nocebo explanation participants, by the end of the experiment,
there was a significant decrease in concern from assessment after watching the negative
expectation DVD (p < .001), and there was a further reduction in concern from baseline
which approached significance (p = .057). Thus results indicated that the nocebo explanation
given was reassuring to those in the nocebo explanation group. The influence of the different
explanations provided to each group was also highlighted by differences in concern, as
assessed at the end of the experiment, with biological explanation participants being
significantly more concerned than nocebo explanation participants about the health effects of
sound produced by wind farms (p < .001). Results are depicted in Figure 5.1.
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Figure 5.1. Concern about the health effects of sound produced by wind farms assessed at
baseline, after viewing the negative expectation DVD, and at the end of the experiment
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Coherence and plausibility of explanations for health effects
There were no differences between the groups in relation to assessment of the coherence and
plausibility of the explanation for the experience of health effects provided. Participants in
both groups found the explanation provided easy to understand (biological explanation group:
M = 83.09, SD = 18.23; nocebo explanation group: M = 90.79, SD = 16.91); made sense
(biological explanation group: M = 83.55, SD = 15.60; nocebo explanation group: M = 88.76.
SD = 18.33); was convincing (biological explanation group M = 83.15, SD = 14.40; nocebo
explanation group: M = 82.42, SD = 20.24); and was correct (biological explanation group:
77.52, SD = 18.58; nocebo explanation group: M = 75.58, SD = 20).
Immediately following the explanation DVD, biological explanation participants
indicated they believed that infrasound affects sensory hair cells within the inner ear, which
would explain why people report symptoms from infrasound produced by wind farms (M =
80.59, SD = 14.52). This belief was maintained throughout the experiment, as indicated when
measured at the conclusion of the experiment (M = 82.53, SD = 11.94). Biological
explanation participants also believed the explanation that symptoms were triggered as a
result of infrasound interfering with auditory and visual signals received by the brain after the
video presentation (M = 81.16, SD = 15.47) and at the end of the experiment (M = 81.94, SD
= 12.34). Results suggest that experiences within the experiment were consistent with beliefs
created by the explanation for the health effects provided in the explanation DVD.
Results also showed that, after watching the explanation DVD, nocebo explanation
participants believed that accessing information on the internet or being provided with
information that infrasound causes poor health and physical symptoms, such as headache,
might cause people to experience these symptoms (M = 85.61, SD = 15.52). This belief was
maintained throughout the experiment, as measured at the end of the experiment (M = 85.91,
SD = 14.1). Following the DVD explanation, nocebo explanation participants also believed
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that the nocebo response, where expectations lead to the experience of symptoms, may
explain why people report symptoms from infrasound produced by wind farms (M = 82.61,
SD = 16.49), a belief still held at the end of the experiment (M = 85.36, SD = 15.45).

Symptoms and symptom intensity
Mixed ANCOVA analysis, controlling for baseline scores, showed significant group by time
interactions in relation to symptoms F(2, 126) = 15.56, p < .001, p2 = .20, and to symptom
intensity F(2, 126) = 9.51, p < .001, p2 = .13. In relation to the biological explanation group
there was a significant increase from baseline to session one in both the number of symptoms
experienced (p = .002) and reported symptom intensity (p = .046), and that increase from
baseline was sustained during session two (ps < .001). In contrast the nocebo explanation
group reported an increase from baseline to session one in symptoms and symptom intensity
(ps = .008), but a decrease in symptomatic experiences from session one to session two, with
symptoms and symptom intensity returning to baseline levels during session two (ps < .001).
As expected, biological explanation participants reported significantly more symptoms and
greater symptom intensity than nocebo explanation participants during session two (ps <
.001). There were no between group differences at any other time of assessment. Symptom
results are depicted in Figure 5.2.
Mood
In relation to mood, analysis using a mixed ANCOVA, controlling for baseline scores,
revealed significant group by time interactions, in terms of both negative mood F(2, 126) =
9.74, p < .001, p2 = .13, and positive mood F(2, 126) = 13.13, p < .001, p2 = .17. Post hoc
analysis showed a pattern consistent with symptom results. In the biological explanation
group there was a significant increase from baseline in negative mood during session one (p =
.002) and session two (p < .001), and also significant decreases from baseline in positive
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mood during both sessions (ps <.001). In terms of the nocebo explanation group there was a
significant increase in negative mood (p = .026) and a significant decrease in positive mood
(p < .001) from baseline to session one, with mood returning to baseline levels during session
two. As predicted, biological explanation participants had significantly greater negative mood
and lower positive mood than nocebo explanation participants during session two (p < .001).
There were no between group differences in mood at any other time of assessment. Mood
results are also depicted in Figure 5.2
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Figure 5.2. Symptom and mood reporting by each group at baseline and during exposure
sessions.
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The central finding from this study is that symptoms, reported by individuals during a
perceived exposure to an environmental hazard, were alleviated during further exposure if
they were provided with an account of how the nocebo effect could explain symptom
reporting. As predicted we found that providing people with material on the internet,
suggesting that infrasound produced by wind farms is causing symptoms in people living
close to wind farms, increased concerns about the health effects of wind farm sound and
resulted in increased symptoms and mood deterioration, during exposure to wind farm sound.
That health concern increased, and symptomatic experiences were maintained, by participants
who viewed further internet material putting forward pathophysiological mechanisms for
symptom reporting, indicates that biological explanations, available through the media to
people living in the vicinity of wind farms, may be perpetuating both health concerns and
symptom reports. Our results accord with experimental research indicating that nocebo
responses to media health warnings about perceived environmental hazards may be providing
a pathway for medically unexplained symptom presentations attributed to environmental
agents (Winters et al., 2003; Witthoft & Rubin, 2013; Crichton et al., 2014c). Findings are
also consistent with epidemiological evidence showing that complaints, about the health
effects of wind farm sound, cluster in areas where residents are exposed to local negative
news stories and targeted anti-wind farm publicity (Chapman et al., 2013).
Analyses of media stories about purported links between negative health and
environmental agents have revealed such reporting often reflects an alarming incongruence
with the current state of the scientific evidence, by emphasising an unsubstantiated or
exaggerated risk of harm (Chapman, Joshi, & Fry, 2014; Claassen, Smid, Woudenberg, &
Timmermans, 2012; Eldridge-Thomas & Rubin 2013). Given that such stories abound on the
internet, and that the web is increasingly being used by individuals to find health related
information (Macario, Ednacot, Ullberg, & Reichel, 2011), there is unprecedented potential
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for such reports to trigger anxiety and increase symptom reporting in the community. This is
highlighted by the fact that increased symptom reporting occurred in this experiment in a
healthy community sample provided with health warnings about wind turbines, also found on
the internet.
The experiment is the first to explore whether providing individuals with a nocebo
explanation for symptoms, experienced during a perceived noxious environmental exposure,
could reduce symptoms during further exposure. The literature indicates that simply revealing
that symptoms do not have a pathogenic cause is not reassuring and is unlikely to alleviate
symptoms (Rief, Heitmuller, Reisberg, & Ruddel, 2006). Therefore simply telling
participants that infrasound exposure would not cause the adverse effects experienced is
unlikely, on its own, to be responsible for the symptomatic improvement reported in the
nocebo explanation group. Given evidence that people reporting symptoms around wind
farms are not convinced by statements that infrasound exposure would not cause health
effects (e.g. Pierpont, 2009), the explanation given to participants provided a clear
mechanism for symptoms. Evidence suggests that patients experiencing medically
unexplained symptoms are most reassured by explanations about symptoms that are
empowering, make sense, and eliminate blame (Hatcher & Arroll, 2008; Salmon, Peters, &
Stanley, 1999). The explanation provided in the experiment was designed to normalise the
nocebo response and avoid any connotation that such responding should be viewed
pejoratively or as being imaginary. To this end evidence was outlined which demonstrated
that experiencing symptoms by suggestion is a typical human response to health warnings,
with the potential to explain symptom reporting thought to be a direct response to infrasound
exposure. Importantly, results showed participants found the nocebo explanation easy to
understand, made sense, and was convincing.
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That the nocebo explanation was followed closely by exposure to infrasound so that
participants could assess, in a concrete way, whether prior experiences could be explained by
the nocebo effect was likely to have enhanced reassurance. Providing individuals with
reported sensitivity to mobile phones with feedback that they had been unable to discriminate
between an active mobile -phone signal from a sham signal was shown to have no influence
on subsequent symptom levels or perceived sensitivity to mobile phones (Nieto-Hernandez,
Rubin, Cleare, Weinman, & Wessely, 2008). However, as the authors of this study noted,
evidence indicates that reassurance might have improved and symptom reporting might have
been reduced if the patients had been provided with pre-test information about psychological
explanations for symptom reporting prior to exposure (Donkin et al., 2006). Reassurance in
the current study was reflected in the shift in health concern seen in the nocebo explanation
group. Unlike participants given a biological explanation for symptoms, by the end of the
experiment, nocebo explanation participants were no longer concerned about the health
effects of wind farm sound.
Results indicate that providing an explanation of the nocebo effect, followed by
exposure to an environmental agent previously thought to have directly caused symptoms,
has the potential to operate as an intervention to reduce symptomatic experiences in people
reporting symptoms attributed to innocuous environmental agents. The next step would be to
investigate whether such an approach would also be effective to ameliorate symptoms in
individuals holding long term beliefs that their experience of symptoms is related to
hazardous exposure to wind farm generated infrasound. Given that there is evidence a nocebo
response to an environmental exposure may become a conditioned response, over time
(Rubin, Nieto-Hernandez, & Wessely, 2010; van den Bergh, Winters, Devriese, & van Diest,
2002), the intervention may have to be modified for long term symptom reporters to include
an explanation of conditioned responses. Thus research with patients with longstanding
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health complaints is required to investigate whether nocebo explanations, and explanations
about conditioning, would be enough to shift the sub-conscious processes implicated in
conditioned responses.
Given that the current study relied on self-report of symptoms, future research should
also encompass physiological measures that more objectively assess the influence of
expectations and explanations about symptoms on symptomatic experiences. Further research
should also investigate whether nocebo explanations, provided by clinicians as part of the
patient doctor interaction, could reduce nocebo responding seen in patients (Tan, Petrie,
Faasse, Bollard, & Grey, 2014). It is crucial that caution is exercised when explaining to
individuals about the possible involvement of psychological mechanisms in the aetiology of
their environmental illness. When clarifying to individuals that psychological processes are
implicated in their symptomatic experiences, there is a risk that individuals will feel offended
and discredited, which may be counterproductive to symptom improvement (Stone et al.,
2002). However, evidence has shown that many patients with perceived environmental
intolerances are open to the idea that psychological factors may be playing a role in their
symptom experience (Nieto-Hernandez et al., 2008).
While it is important that a possible biological basis for symptom reporting is not
erroneously overlooked, and that audible wind farm sound continues to be properly regulated,
worldwide there have been over 60 studies investigating the link between wind turbines and
human health, and the weight of the scientific evidence is that there is no direct connection
between wind turbines and symptom reporting (Knopper et al., 2014). Therefore
interventions designed to alleviate distress and symptom reporting are more likely to be
successful if they address alternative psychological mechanisms for symptom reports, such as
nocebo responding and symptom misattribution (Rubin, Burns, & Wessely, 2014).
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In summary, providing a nocebo explanation for symptoms experienced during
exposure to an environmental agent, perceived to be hazardous as a result of accessing
negative media health warnings, reversed symptom reporting during a further period of
exposure. This study provides encouraging indications that providing an explanation that
normalises the nocebo response and eliminates blame, closely followed by exposure to an
environmental agent, previously thought to pose a health threat, may operate to reduce health
concern and ameliorate symptom reporting in individuals with perceived sensitivities to
innocuous environmental agents.
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6. Framing sound: using expectations to reduce environmental
noise annoyance
Published in: Environmental Research 2015; 142, 609-614.

Abstract
Background: Annoyance reactions to environmental noise, such as wind turbine sound, have
public health implications, given associations between annoyance and symptoms related to
psychological distress. In the case of wind farms, factors contributing to noise annoyance
have been theorised to include wind turbine sound characteristics, the noise sensitivity of
residents, and contextual aspects, such as receiving information creating negative
expectations about sound exposure. Objective: The experimental aim was to assess whether
receiving positive or negative expectations about wind farm sound, would differentially
influence annoyance reactions during exposure to wind farm sound, and also influence
associations between perceived noise sensitivity and noise annoyance. Method: Sixty
volunteers were randomly assigned to receive either negative or positive expectations about
wind farm sound. Participants in the negative expectation group viewed a presentation which
incorporated internet material indicating that exposure to wind turbine sound, particularly
infrasound, might present a health risk. Positive expectation participants viewed a DVD
which framed wind farm sound positively and included internet information about the health
benefits of infrasound exposure. Participants were then simultaneously exposed to subaudible infrasound and audible wind farm sound during two 7- minute exposure sessions,
during which they assessed their experience of annoyance. Results: Positive expectation
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participants were significantly less annoyed than negative expectation participants, while
noise sensitivity only predicted annoyance in the negative group. Conclusion: Findings
suggest accessing negative information about sound is likely to trigger annoyance,
particularly in noise sensitive people and, importantly, portraying sound positively may
reduce annoyance reactions, even in noise sensitive individuals.

Introduction
It has become increasingly important to understand human reactions to environmental noise,
given the growing pervasiveness of exposure to noise in everyday life (Stansfeld &
Matheson, 2003). In particular, insight into reported noise annoyance, as a common nonauditory adverse effect of environmental sound exposure, is important from a public health
perspective. This is because, although the experience of noise annoyance alone is not
classified as a disease or health state, noise annoyance is related to psychological stress,
which can lead to stress related symptoms and poorer subjective health (Basner et al., 2014).
A relatively new source of environmental sound is that generated by wind turbines.
Harvesting wind power has the potential to provide a significant contribution to world
energy requirements, while providing health benefits associated with reduced fossil fuel
emissions, such as reducing the incidence of respiratory and cardiovascular diseases linked to
air pollution (Smith et al., 2013). However, although wind energy production does not
generate hazardous waste by-products or release greenhouse gases which contribute to
climate change, the emission of noise is linked to the experience of environmental noise
annoyance in some people (Knopper et al., 2014). This is of importance because, while
evidence does not indicate residents would experience direct adverse physiological effects
from wind turbine sound, there are indications that wind farm noise annoyance is associated
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with psychological distress, perceived sleep disturbance, and subjective physical symptoms,
such as headache (Bakker et al., 2012; Pedersen, 2011). Therefore, to optimise the overall
health benefits associated with wind farms, it is pertinent to explore the factors which
influence wind farm noise annoyance, so that useful strategies can be implemented to prevent
or mitigate noise annoyance in residents living in the locale of a wind farm.
There is considerable variability in the reported prevalence of wind farm noise
annoyance and the factors that explain reported noise annoyance are far from clear (Merlin,
Newton, Ellery, Milverton, & Farrah, 2013). Annoyance with wind farm sound may be
explained, in part, because mechanical sounds are more likely to be evaluated negatively than
the sounds of nature, such as the sound of wind, or water, which are not generally viewed as
unpleasant or intrusive (e.g. Andringa & Lanser, 2013; Yang & Kang, 2005). However, in
comparison with other mechanical noises, such as industrial noise from stationary sources or
transportation noise, wind farm noise annoyance has been found at relatively low noise
exposure levels, suggesting that there are some variables unique to wind farm sound exposure
influencing annoyance reactions (Janssen, Vos, Eisses, & Pedersen, 2011; Pedersen &
Persson Waye, 2004).
One explanation for annoyance reactions might be that there is some idiosyncratic
feature of wind farm sound that explains annoyance reactions at low sound levels. One
suggestion is that exposure to the sub-audible sound or infrasound (sound below 20Hz)
generated by wind turbines accounts for elevated annoyance reactions (Pierpont, 2009).
However, human beings are consistently exposed to atmospheric infrasound, created by
natural phenomena such as weather variations and ocean waves, and generated by
anthropogenic sources, such as traffic and air-conditioning units (Leventhall, 2006; 2013).
The evidence shows that the level of infrasound measured near wind farms does not exceed
levels found in everyday urban and rural environments, and that wind farm infrasound makes
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an insignificant contribution to the background level of environmental infrasound (Evans,
Cooper, & Lenchine, 2013; Turnbull, Turner, Walsh, 2012). Therefore annoyance reactions
are unlikely to be explained by wind farm infrasound exposure (Bolin, Bluhm, Eriksson, &
Nilsson, 2011)
It has also been suggested that wind farm noise is more annoying than equivalent
levels of other environmental noise because of the production of fluctuating aerodynamic
sound, which embodies acoustic properties shown to contribute both to awareness of sound,
and perceptions of unpleasantness (Pedersen & Persson Waye, 2008). This is supported by
evidence that annoyance with wind turbine sound is associated with modulations in sound,
sometimes described onomatopoeically as swishing or lapping (Pedersen & Persson Waye,
2004; Pedersen, van den Berg, Bakker, & Bouma, 2009).
It has also been theorised that wind farm noise annoyance is related to noise
sensitivity and that there is an element of inevitability that noise sensitive people will find
wind turbine noise annoying, even when exposure is within recognised health and safety
limits, putting them at risk of psychological stress and stress related health effects over time
(Shepherd, McBride, Welch, Dirks, & Hill, 2011). While, evidence indicates noise annoyance
is not closely related to a general neurophysiological sensitivity (Ӧhrsrӧm, Bjӧrkman, &
Rylander, 1988), consistent associations have been found between subjective noise sensitivity
and noise annoyance (Job, 1988; Miedema & Vos, 2003). Subjective noise sensitivity has
been found to moderate the effect of noise exposure on annoyance and has been viewed as a
stable personality trait reflecting a predisposition to attend to noise and evaluate that noise
negatively (Stansfeld, 1992), linked to negative affectivity (Smith, 2003), and perceived
stress (Nordin, Ljungberg, Claeson, & Neely, 2013). The idea that subjective noise sensitivity
may help explain reported annoyance with wind turbine sound is supported by associations
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between perceived noise sensitivity and annoyance found in field research (e.g., Pederson &
Persson Waye, 2008).
Wind turbine noise annoyance is also associated with a number of subjective factors,
such as attitude to the visual impact of wind turbines on the landscape (e.g., Pederson et al.,
2009), attitude to wind turbines in general (e.g., Pedersen & Persson Waye, 2004), and
satisfaction with the living environment (e.g., Pedersen, Hallberg, & Persson Waye, 2007).
This suggests that contextual factors are also influencing annoyance reactions. One of the
contextual matters likely to create negative attitudes to wind farms, and trigger wind farm
noise annoyance, is accessing material, available on the internet and disseminated through
social dialogue, about negative health effects, said to occur as a result of exposure to wind
farm produced infrasound (Crichton, Chapman, Cundy, & Petrie, 2014; Chapman, Joshi, &
Fry, 2014; Rubin, Burns, & Wessely, 2014). Exposure to this narrative has been shown to
increase concern about health effects of wind farms, and create negative expectations, leading
to symptom reporting during periods of exposure to both genuine infrasound and sham
infrasound (Crichton, Dodd, Schmid, Gamble, & Petrie, 2014). Importantly, elevated reports
of annoyance and health effects have been shown to occur primarily in localities where there
has been targeted publicity about the alleged harmful impacts of wind farms (e.g. Chapman,
St George, Waller, & Cakic, 2013). Thus, exposure to a negative narrative about wind farms
appears to be a stronger initiator of reported noise annoyance, than the inherent
characteristics of the sound or the perceived noise sensitivity of residents.
Given that exposure to a negative narrative about wind farms may elevate noise
annoyance, the converse may also be true; that accessing a positive narrative about wind
farms may inhibit reported annoyance, even in those rating themselves as noise sensitive. If
this were found to be the case this would have implications for the implementation of
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effective interventions and strategies to overcome annoyance reactions in those living in the
vicinity of wind farms.
An experimental study was therefore designed to assess whether framing wind farm
sound in either positive or negative ways would differentially influence annoyance reactions
to that sound. The experiment was also devised to test whether exposure to wind farm sound
was inherently annoying and whether the way in which the sound was described influenced
associations between perceived noise sensitivity, and noise annoyance. Given the consistent
relationship seen in the literature between negative affect and noise sensitivity, the
relationship between noise sensitivity and negative mood was also assessed. Our primary
hypothesis was that participants delivered negative expectations about wind farm sound,
created from material available on the internet, would be significantly more annoyed during
exposure to wind farm sound, than participants given positive expectations. We also
hypothesised that positive expectation participants would experience very low levels of
annoyance indicating that the sound was not inherently annoying. We further hypothesised
that noise sensitivity would predict annoyance, but only in the negative expectation group.

Materials and Method
Study design
The study received University of Auckland Human Participants Ethics Committee approval
(reference number: 8436). Recruitment was by way of a flyer placed on the University of
Auckland website. Participants were informed that this was an experiment designed to assess
subjective responses to wind farm sound and were blind to the hypotheses being tested.
Given that this was an experiment testing noise annoyance, participants were also required to
pass a threshold hearing screening test prior to experimental procedures. Sixty healthy
student volunteers (21 male, 39 female) completed the experiment, which took place in a
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listening room constructed to international standards for the execution of subjective listening
experiments (IEC268-13).
Participants were randomised to positive or negative expectation groups using a
random number generator. The optimal sample size was evaluated employing G-Power (Faul
et al., 2007), on the basis of analysis involving a 2 x 2 mixed design analysis of variance to
determine within and between group differences in relation to rated annoyance during two
seven minute listening sessions. This power analysis indicated that with at least 54
participants (27 participants in each group), setting power at .95 and alpha at .05, it would be
possible to detect a medium effect (f = .25) (Cohen, 1990). During listening sessions
participants were simultaneously and continuously exposed to both infrasound and audible
wind farm sound and were aware throughout, that exposure was to wind farm sound
containing audible and sub-audible components. Prior to exposure, the negative expectation
group watched a Digital Video Disc (DVD) presentation, which contained material found on
the internet indicating that exposure to wind turbine sound, particularly infrasound, might
present a health risk. Conversely, the positive expectation group viewed a DVD, which
framed wind farm sound positively and included information, also available on the internet,
about the alleged health benefits of infrasound exposure. Participants received a NZ$20
shopping voucher and were fully debriefed at the end of the study.
Materials
Audible wind farm sound, was transmitted at 43dB during exposure sessions. This sound
level was chosen as it was comparable to the maximum noise exposure level in New Zealand,
set by the wind farm noise standard NZS 6808:2010. The sound recording was taken from a
location on a small road approximately 1km from the nearest turbine of a wind farm which
consisted of 134 turbines (103 turbines rated power 660 kW and 31 turbines rated power
3MW). The level of measured audible sound on location was 40dB, indicating the sound was
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representative of a significantly exposed dwelling. Infrasound at 9Hz was produced
employing a combination of the Adobe® Audition software package with a Presonus®
Firepod audio interface, and a Mackie® HR 150 active studio woofer, and was transmitted
during listening sessions at 50.4dB, to reflect as closely as possible the pressure level of 9Hz
measured in field studies 350m from wind farms (Turnbull et al., 2012).
The negative expectation and positive DVD presentations were each of 5 minutes and
27 seconds duration. The negative expectation DVD set out concerns about wind farm sound
exposure and integrated television current affairs footage, available on the internet,
suggesting exposure to wind turbine sound, particularly infrasound, might pose a danger to
health. The positive expectation DVD framed wind turbine sound as containing infrasound,
sub-audible sound created by natural phenomena such as waves crashing on the shore and
wind blowing through trees, which research has indicated could have health benefits (e.g.
Yount, Taft, West, & Moore, 2004)

Measures
The threshold hearing screening test was conducted using a Bay AudioCHEK Pro®
headphone set, a specialised audiometry assessment tool designed to evaluate hearing
detection at frequencies of 1kHz; 2kHz; 4kHz; and 6kHz.
In keeping with field studies (e.g., Pedersen & Persson Waye, 2007) noise sensitivity
was evaluated at baseline on a 4 point scale from 1 (not at all noise sensitive), to 4 (extremely
noise sensitive). Given consistent indications of a relationship between noise sensitivity and
negative affect (e.g., Stansfield, 1992), participants also assessed their mood at baseline and
during exposure sessions. Mood was assessed using 12 negative mood items (e.g. anxious,
worried, tense, nervous, distressed) and 12 positive mood items (e.g. calm, peaceful, cheerful,
rested, refreshed) evaluated on a seven point Likert scale ranging from 0 (not at all) to 6
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(extreme or extremely). The effect of the manipulation on physical symptoms has been
explored in depth elsewhere (Crichton et al., 2014b). A negative mood score was calculated
as the cumulative total of scores on negative mood items, and a positive mood score was
assessed as the aggregate of scores on positive mood items.
The experience of annoyance was assessed during exposure sessions, whereby
participants indicated the extent to which they found the experience of sound exposure
unpleasant, annoying, and irritating, on a seven point scale from 0 (not at all) to 6
(extremely). For each exposure period, a total annoyance score was calculated as a
cumulative total of ratings made for the three annoyance items. The reliability of the
annoyance scale was confirmed with the annoyance scale demonstrating good internal
consistency (Cronbach’s α =.92).
Data analysis
All statistical analyses were conducted using SPSS version 22 statistical software. To
evaluate within and between group differences in relation to annoyance scores, assessed
during exposure sessions, a mixed design analysis of variance (ANOVA) was performed. All
p values in multiple comparisons were adjusted using Bonferroni corrections.
Using recommended strategies for evaluating continuous by categorical variable
interactions (Dawson, 2014; West, Aiken, & Krull, 1996), hierarchical regression analysis
was used to measure the main and interaction effects of noise sensitivity and expectation
condition on annoyance and mood. In keeping with the recommended approach, noise
sensitivity as a continuous predictor variable was mean-centred; expectation group, as a
categorical variable, was dummy coded as 0 and 1; and the interaction variable noise
sensitivity X expectation was separately calculated, using the mean-centred values for
inclusion at the last step of the regression. Preliminary analyses were undertaken to ensure
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the assumptions of normality, linearity, multicollinearity, and homoscedasticity were not
violated.

Results

Annoyance
Firstly, a mixed design ANOVA was performed to evaluate within and between group
differences in relation to annoyance, assessed during session one and session two. These data
are depicted in Figure 6.1. Analysis showed the experience of annoyance was influenced by
group allocation; F(1,58) = 19.33, p < .001, p2 =.25, so that negative expectation
participants were significantly more annoyed than positive expectation participants during
exposure sessions. More specifically, negative expectation participants were significantly
more annoyed than positive expectation participants during both session one (p = .001) and
session two (p < .001).
8

Negative Expectation
Positive Expectation

Annoyance

6

4

2

0
First Session

Second Session

Figure 6.1. Rated annoyance during wind farm sound exposure sessions
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Noise sensitivity and noise annoyance
To assess whether subjective noise sensitivity directly influenced annoyance scores or
moderated the relationship between expectation and annoyance, hierarchical regression
analysis was undertaken. Regression results showed a main effect of expectations b = 4.87,
SE(b) = .67, β =.56, t(56) = 5.25, p < .001, no main effect of noise sensitivity b = -.43, SE(b)
= .88, β =.07, t(56) = 2.43, p = .63, and a significant interaction between expectations and
noise sensitivity b = 3.38, SE(b) = 1.39, β =.34, t(56) = 2.43, p = .018 (results plotted in
Figure 6.2). To further confirm differences in the way noise sensitivity influenced noise
annoyance, the analysis was run separately for each expectation group. Results confirmed
noise sensitivity predicted noise annoyance in the negative expectation group; b = 2.95, SE(b)
= 1.44, β =.34, t(28) = 2.05, p = .05, but did not predict noise annoyance in the positive
expectation group (p >.05).

Figure 6.2. The influence of noise sensitivity on the relationship between expectation and
annoyance
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Noise sensitivity and mood
To understand the influence of expectations and noise sensitivity on mood, hierarchical
regression analysis was also undertaken. In relation to positive mood, although there was a
main effect of expectations b = -10.30, SE(b) = 3.28, β =-.39, t(56) = -3.14, p = .003, there
was no main effect of either noise sensitivity, or any significant interaction between
expectations and noise sensitivity. Therefore, noise sensitivity had no direct influence on
positive mood, and did not moderate the relationship between expectations and positive
mood. This can be contrasted with results found in relation to negative mood (results plotted
in Figure 6.3). In terms of negative mood, there was a main effect of expectations b = 8.75,
SE(b) = 2.23, β =.44, t(56) = 3.93, p < .001; no main effect of noise sensitivity b = -3.36,
SE(b) = 2.07, β =-.24, t(56) = -1.62, p = .111; and a significant interaction between
expectations and noise sensitivity, b = 10.24, SE(b) = 3.27, β =-.45, t(56) = -3.13, p = .003.
To further assess the way in which noise sensitivity influenced negative mood in each
group, the analysis was run separately for each expectation group. Results confirmed noise
sensitivity predicted negative mood in the negative expectation group; b = 6.89, SE(b) = 3.05,
β =.39, t(28) = 2.26, p = .032. Conversely, in the positive expectation group, there was an
inverse relationship between noise sensitivity and negative mood b = -3.36, SE(b) = 1.54, β
=-.38, t(28) = -2.18, p = .038. Therefore, noise sensitivity moderated the influence of positive
and negative expectations on mood, in opposite directions. In the negative expectation group,
participants rating themselves as more noise sensitive experienced greater negative mood
during sound exposure, than participants rating themselves as less noise sensitive.
Conversely, in the positive expectation group, participants rating themselves as more noise
sensitive experienced less negative mood during sound exposure than participants rating
themselves as less noise sensitive.
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Figure 6.3. The influence of noise sensitivity on the relationship between expectation and
negative mood

Discussion
Findings provide encouraging evidence that positively framing environmental sound
exposure has the potential to reduce annoyance responses in the community. In particular, we
found that negative expectation participants were significantly more annoyed than positive
expectation participants during exposure sessions, demonstrating that expectations influenced
annoyance reactions. We also discovered that noise sensitivity moderated the relationship
between negative expectations and the experience of annoyance, but did not influence
annoyance in the positive expectation group. Finally, we determined that noise sensitivity
moderated the influence of positive and negative expectations on negative mood, in opposite
directions.
Results showed that expectations about the health effects of sound shaped
participants’ experience of sound during exposure periods, highlighted by the fact negative
expectation participants were significantly more annoyed by sound exposure than positive
expectation participants. Findings are consistent with evidence indicating that negative
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attitudes to the noise source, and fear that the source of noise is dangerous, are associated
with noise annoyance (e.g., Miedema & Vos, 1999; Pierrette et al., 2012; Weinsten, 1980).
Results are also aligned with field research that shows wind turbine noise annoyance is
strongly related to psycho-social factors, such as negative attitudes to wind turbines
(Pedersen & Persson Waye, 2004; Pedersen et al., 2009).
The finding that negative expectation participants were significantly more annoyed
than positive expectation participants might help explain the variability in noise annoyance
reported in field studies. If annoyance was purely a reflection of the character of wind farm
sound, or of personality variables, such as noise sensitivity, we would not expect to see
substantial variations in the percentage of people reporting noise annoyance across
geographical locations. Most recently, a thorough investigation by Health Canada, in relation
to two Canadian provinces with equivalent residential noise exposure, showed 6.3% of Prince
Edward Island respondents were highly annoyed by wind turbine noise compared with 16.5%
of respondents from Ontario (Michaud, 2015). Further, results from cross-sectional studies in
Sweden and The Netherlands indicated 10-20% of respondents living in proximity to wind
farms found wind turbine noise annoying, and 6% of respondents found wind turbine noise
very annoying, at 35-40dB exposure (Pedersen & Persson Waye, 2004, 2007; Pedersen et al.
2009), while, in contrast, 59% of respondents reported noise annoyance in a New Zealand
study (Shepherd et al., 2011). The New Zealand study was conducted at a time when there
had been negative publicity concerning the expected adverse effects of living in proximity to
the particular wind farm in question, including recent national television news coverage
(Owen & Campbell, 2009).
That positive expectation participants were generally not annoyed by wind farm
sound exposure further indicates that the fluctuating nature of the wind farm sound, to which
the participants were exposed, did not make it intrinsically annoying or unpleasant. This is in
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line with experimental work indicating that when exposed to wind farm sound, not being
aware of the source of sound is associated with reduced noise annoyance (van Renterghem,
Bockstael, de Weirt, & Bottledooren, 2013). Our experiment showed that when the sound
was portrayed positively, and associated with nature sounds containing sub-audible
infrasound and audible swishing or lapping characteristics, such as ocean waves, participants
were significantly less annoyed by wind farm sound. Findings are coherent with an
experimental study in which participants exposed to pink noise were significantly more
annoyed when shown a picture of a large factory prior to noise exposure, than when shown a
picture of a waterfall (Bergman, Vastfjall, Fransson, & Skold, 2008). Thus the meaning
ascribed to a sound appears to have a powerful role in determining annoyance reactions,
further suggesting that creating a positive context for environmental sound exposure is likely
to minimise noise annoyance.
That noise sensitivity predicted annoyance in the negative expectation group indicates
that subjectively noise sensitive individuals are more open to negative suggestions about
sound exposure, indicating the likelihood that, in the community, this group are more at risk
for negative reactions triggered by the dissemination of negative information about wind
farms. That noise sensitivity did not predict noise annoyance, when participants listened to
wind farm sound in a positive context, is a promising finding reflected in field research. A
cross-sectional study conducted in The Netherlands, demonstrated that respondents who
benefited economically from wind turbines were less annoyed by wind turbine noise than
other respondents, despite exposure to higher sound levels, and notwithstanding perceived
noise sensitivity (Pedersen et al., 2009). This supports evidence in the current study that
perceived noise sensitivity does not inexorably lead to annoyance reactions and that the
context of sound exposure influences the relationship between perceived sensitivity and
annoyance. This provides indications that perceived noise sensitivity is not a barrier to the
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success of interventions to reduce noise annoyance, and that annoyance reactions to wind
farm sound can be minimised even in noise sensitive individuals.
Findings also demonstrated that high noise sensitivity participants experienced greater
negative mood during noise exposure when given a negative narrative about sound exposure.
However, in the positive expectations group, negative mood was inversely correlated with
noise sensitivity. This suggests that positive expectation participants, who perceived
themselves to be noise sensitive, experienced relief from an underlying tendency to be
anxious about the negative effects of sound exposure, reflected in low levels of negative
mood while listening to wind farm sound. This supports the concept that perceived noise
sensitivity predominantly reflects attitudinal and evaluative responses to sound, rather than
sensory aspects of auditory processing (Ellermeier, Eigenstetter, & Zimmer, 2001), and that
context has a pivotal impact on the influence of noise sensitivity upon reactions to sound
(Smith, 2003). Noise annoyance has been described as a phenomenon of mind and mood
(Stallen, 1999). Thus, indications that positive expectations can reduce negative mood in
noise sensitive individuals, provides further evidence that exposure to a positive narrative
about wind farm sound may ameliorate annoyance reactions, despite perceived noise
sensitivity.
It is a study limitation that it was not possible to assess reactions to sound in the
absence of a positive or negative narrative, given there was not a third group experiencing the
sound without receiving pre-exposure information. It is a further limitation of the study that
reactions to exposure to audible sound recorded from a wind farm played in conjunction with
infrasound produced in a studio, may not be entirely transferrable to the experience of
residents living in the vicinity of wind farms. It may also be particularly challenging to frame
wind farm sound positively in wind farm neighbourhoods where residents are currently
exposed to negative views or threat perceptions about sound, or there is intra-community
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conflict about wind farms which is causing disquiet (Walker, Baxter, & Ouellette, 2015).
However, there are promising indications that symptomatic experiences triggered by negative
expectations about wind farm sound can be reversed by delivering positive information about
wind farms (Crichton & Petrie, 2015a), or by providing a reassuring alternative explanation
for symptoms (Crichton & Petrie, 2015b). Future research should now extend to investigating
whether the positive portrayal of wind farms sound has an influence on annoyance reactions
during exposure to wind farm sound in real world settings, and whether annoyance reactions
can be reduced in people already influenced by exposure to a negative narrative about wind
farms.
Research shows that, throughout the world, current guidelines for siting wind turbines
are effective to protect against direct health effects from audible noise, including low
frequency noise, as well as infrasound (Berger et al., 2015). However, as evidence illustrates
that some people are annoyed by wind farm sound which is associated with the experience of
symptoms of psychological distress (Bakker et al., 2012), the design and implementation of
interventions to minimise noise annoyance should become an important adjunct to policies
for wind farm development. Given research shows the dissemination of misinformation about
wind farm sound is elevating annoyance reactions, it is also incumbent on the popular media
to responsibly report on issues relating to wind farms, rather than emphasising fright factors
producing fear, anxiety and concern (Deignan, Harvey, & Hoffman-Goetz, 2013). Indications
are that portraying wind farm sound positively should reduce annoyance reactions, and that
both the acoustic characteristics of wind farm sound and the perceived noise sensitivity of
local residents should not implicitly preclude the success of interventions designed to
minimise annoyance.
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7. General Discussion
Overview
This thesis reports on a series of experimental studies conducted to investigate the power of
psychological expectations to influence subjective health responses, during exposure to wind
farm sound. The studies were designed to test the broad hypothesis that symptom complaints
by residents living in the vicinity of wind farms could be explained by the nocebo effect.
These studies were also designed to provide evidence to inform strategies to reduce symptom
reporting in wind farm communities.
Overall, experimental findings provided consistent indications that negative
expectations informed by health warnings about wind farm sound, could be providing a
pathway for symptoms attributed to wind farms. Importantly, results also indicated that if
individuals had been exposed to a positive health narrative about infrasound, or were aware
that reported symptoms could be explained by the nocebo effect, they were less concerned by
negative rhetoric about wind farm health effects, and were less likely to experience nocebo
responses during wind farm sound exposure.
Further, results demonstrated that negative expectations, formed from negative health
information about wind farm sound, heightened noise annoyance during exposure to wind
farm sound. This was particularly evident in noise sensitive individuals. Fortunately,
portraying infrasound positively was also shown to reduce annoyance reactions, even in noise
sensitive individuals. Thus, there are indications from experimental findings, that creating
more positive expectations about wind farm sound may ameliorate symptom reporting and
reduce annoyance reactions in community settings.
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This final chapter integrates experimental findings into the broader literature,
discusses the strengths and limitations of the research, sets out the theoretical and practical
implications of experimental findings, and considers future directions for further research.

Integration of findings into the wider literature
In this section, findings will be assessed in light of the literature in the following three main
areas. Firstly, results will be considered in the context of literature relevant to nocebo
responses to environmental agents, particularly in relation to instances where negative
expectations have been triggered by media health warnings. Secondly, results will be
examined alongside findings from the germane literature about framing effects, particularly
studies evaluating whether the positive or negative portrayal of a stimulus has a determinative
impact on health responses to that stimulus. Thirdly, results will be considered together with
findings from the literature relevant to the reduction of nocebo responses in experimental,
clinical and community settings.

Nocebo responses to media health warnings
Experimental findings reported in this thesis demonstrated that accessing media information
about the ostensible health effects associated with wind farms, elevated health concerns about
wind farm sound, and triggered symptom reporting during wind farm sound exposure.
Findings are aligned with evidence that increased concern about the health effects of an
environmental agent may prompt symptom reporting, in the presence of that agent, because
such health worries predispose individuals to expect symptoms from exposure. This process
was exemplified in a prospective study investigating symptom reporting during a suburban
insecticide spraying programme (Petrie et al., 2005). Residents’ worries about health risks
posed by aspects of modern life, such as environmental pollution, appeared to prime
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individuals to expect symptoms, triggering a somatic monitoring process directed to detecting
adverse health impacts of the spray. As a result, it seemed that non-specific physiological
sensations and common symptoms were noticed and then misattributed to spray exposure.
Results are also consistent with indications from field and experimental evidence that
accessing information which creates the perception that exposure to an environmental agent
is hazardous, prompts negative expectations provoking symptoms during exposure to that
agent, even if the exposure itself is benign (e.g., Lorber et al., 2007). Given that such
symptoms arise from negative expectations, rather than from pathogenic exposure, they are a
manifestation of the nocebo phenomenon (Hahn, 1997). In fact, negative expectations are so
central to the nocebo effect, that the term nocebo effect is often replaced with the term
negative expectation effect (Benedetti, Lanotte, Lopiano, & Colloca, 2007). It seems
symptoms arise because negative expectations generate anxiety, and increase self-focussed
attention, whereby expected symptoms are noticed and reported (Benedetti et al., 2007;
Pennebaker, 1994; Petrie & Pennebaker, 2004).
Findings align with results from studies in which healthy volunteers, given
information about the potential physiological effects of exposure to a sham stimulus, report
an information congruent reaction, during purported exposure. This is exemplified by a study
in which participants who had been led to believe they were being exposed to a common
urban chemical pollutant, reported a greater number of symptoms, than participants who were
aware exposure was to room air (Lange & Fleming, 2005). Further, negative expectations
appeared to provide a framework for the interpretation of symptoms, as participants, who
were under the impression they had been exposed to a toxic agent, also attributed more of
their symptoms to a chemical cause. Importantly, findings are consistent with an earlier
experiment which showed that healthy volunteers provided media information about health
effects associated with wind farms, reported expectancy consistent symptomatic experiences,
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during exposure to both genuine and sham infrasound (Crichton, Dodd, Schmid, Gamble, &
Petrie, 2014).
Experimental results are also congruent with findings from a number of field studies
indicating that media induced expectations can influence subjective health status in
community settings (e.g., Maugh, 1982). In one such case, misinformation, circulated by the
media about the side-effects of a change in formulation of a widely used thyroid hormone
replacement therapy, was associated with a dramatic increase in reported adverse reactions to
the drug (Faasse, Gamble, Cundy, & Petrie, 2012). Given that more side effects specifically
mentioned in television news coverage were reported, and that extensive testing revealed the
formulation change would not account for the rise in symptom reporting, evidence indicated
that symptoms were triggered by media facilitated expectations (Faasse et al., 2012). Further,
exposure to televised news coverage after a fireworks disaster was associated with increased
reporting of medically unexplained symptoms, not only by victims directly impacted by the
disaster, but also by control participants not directly affected (ten Veen, Morren, &
Yzermans, 2009). Importantly, results are aligned with wind farm research demonstrating
that health complaints cluster in areas where residents have been exposed to social and media
discourse about the health risks posed by wind farms, indicating that media facilitated and
socially transmitted negative expectations are playing a role in symptom reporting (Chapman,
St George, Waller, & Cakic, 2013).
Relevantly, findings are consistent with indications that anxiety and negative
expectations are implicated in the aetiology of other medically unexplained symptom
presentations attributed to environmental agents, such as low level electromagnetic fields
(Rubin, Cleare, & Wessely, 2008). Relatedly, there is also evidence that such expectations
may be informed by media reporting (Witthöft & Rubin, 2013). Recent analysis of the media
depiction of health risks, posed by exposure to electromagnetic fields, indicates that media
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reporting tends to diverge from the current scientific evidence, and suggest that a bioelectromagnetic mechanism may cause adverse health effects (Eldridge-Thomas & Rubin,
2013). The potential for such misreporting to provoke nocebo responses in the community,
and encourage individuals to misattribute their ordinary experience of symptoms to an
electromagnetic cause, was tested in a recent experimental study (Witthöft & Rubin, 2013).
Results showed that watching a television report promoting a link between exposure to Wi-Fi
and symptoms, increased the likelihood of experiencing symptoms following sham exposure
to Wi-Fi, and also increased the risk of developing an apparent sensitivity to electromagnetic
fields. These findings are aligned with indications that cognitions about environmental health
threat, including media facilitated negative expectations, play a role in the experience of
medically unexplained symptoms in response to other environmental agents, such as low
level chemical exposure (Bailer, Rist, Witthöft, Paul, & Bayerl, 2004; Winters et al., 2003).

Framing effects
While negative expectations prompted nocebo responses, experimental findings illustrated
that positively framing the health benefits of wind farms, had a correspondingly positive
impact on symptoms, mood and reported annoyance. Results indicated that participants who
were given information about health benefits of infrasound, formed positive expectations
which resulted in symptom improvement, or placebo responses, during exposure to wind
farm sound. Just as the nocebo effect is often replaced with the term negative expectation
effect, positive expectations of health improvement are so pivotal to placebo responses that
the term placebo effect is often referred to as the positive expectation effect (Benedetti,
Durando, & Vighetti, 2014). Reduced symptom reporting, which followed the delivery of
positive expectations, may be explained, in part, by the reported reduction in negative mood,
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as there are indications that a reduction in anxiety contributes to placebo responses
(Benedetti, Carlino, & Pollo, 2011).

Positive and negative framing
Framing effects, whereby exposure to the same stimulus can provoke positive or negative
responses, depending on the way it is portrayed, have been shown in other experimental
settings, such as experimental pain studies (e.g. Elsenbruch et al., 2012). In one such
experiment, the effect of positive and negative expectations on experimentally induced
visceral pain was investigated using neuroimaging techniques (Schmid et al., 2013). In this
study, participants received intravenous application of an inert substance accompanied with
either positive instructions of pain relief, or negative instructions of pain increase. Results
revealed that both the reported experience and the neural processing of visceral pain were
consistent with set expectations, confirming that reports were not the result of response bias,
or socially desirable responding, but reflected authentic experiences.
That positive and negative expectations can differentially influence responses to
sound has also been tested in other contexts. A recent study tested whether cognitive task
performance could be affected by inducing positive and negative expectations about the
impact of different sound frequencies on task performance (Schwarz & Buchel, 2015).
Expectations had a robust effect on subjective task performance, with participants indicating
a strong belief that sound exposure affected their performance in line with previous verbal
suggestion.
Relevantly, experimental studies have shown that framing the same environmental
exposure as deriving from either a natural, or an unnatural (industrial), source has a
differential impact on subjective responses to that stimulus (e.g., Bergman, Vastfjall,
Fransson, & Skold, 2008). This is exemplified in an inventive study investigating possible
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mechanisms for medically unexplained intolerance to non-toxic odours (Nordin, et al., 2013).
In this case negative expectations were elicited by framing a benign odour as a chemical
solvent used for industrial purposes. Conversely, positive expectations were invoked by
framing the same odour as a natural scent, found in rice and corn, and used as a natural taste
enhancer in food, such as ice-cream. Interestingly both descriptions were true of the chemical
in question. Importantly, participants delivered information that the odour was a natural
scent, rather than an industrial chemical, performed significantly better on cognitive tasks
during exposure to the odour. This indicates that framing infrasound as a normal component
of environmental sound, and a natural phenomenon occurring throughout nature, was a
particularly effective way of positively framing infrasound exposure during experiments
reported in chapters three, four, and five.

Framing and noise annoyance
The power of positive and negative expectations to shape the experience of noise annoyance,
revealed in chapter six, has also been seen in other experimental and field research (e.g.
Kendrick & Elkins, 2012; Schreckenberg, Meis, Kahl, Peschel, & Eikmann, 2010). A recent
experimental study found that positive expectations, formed during a sham “noise
alleviating” therapy, reduced anxiety and perceptions of unpleasantness, annoyance, and
noise intensity in participants exposed to the sound of a “metal collision” (Zhao et al., 2015).
Further, findings that negative expectations increased noise annoyance, are consistent with
evidence in the literature that concern about the health effects of noise exposure predicts
noise annoyance (Kroesen, Molin, & van Wee, 2008).
Interestingly, experimental results indicated that negative and positive framing of
wind farm sound, differentially influenced associations between noise sensitivity and noise
annoyance. This is consistent with recent indications in the literature that the context of
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environmental sound exposure can determine whether noise sensitivity predicts annoyance
reactions (e.g., Oiamo, Baxter, Grgicak-Mannion, Xu, & Luginaah, 2015). Results are likely
to be explained, in part, by the fact that negative framing of wind farm sound influences
variables associated with the activation of the noise-sensitivity trait (McCunney et al., 2014).
A recent study found that predictors of noise sensitivity included knowledge about health
risks posed by noise exposure, as well as pro-environmental attitudes, such as concern about
the adverse impact of development activities on the environment (Okokon, et al., 2015). This
suggests that subjectively noise sensitive individuals are likely to have a more negative
reaction toward environmental sound exposure if sound is framed as posing a risk to health,
and/or as constituting a threat to the integrity of the physical environment. This corresponds
with experimental findings that, when participants were given negative health information
about wind farm sound, noise sensitivity predicted annoyance reactions. However, when
participants were provided a positive health narrative about wind farm sound exposure, there
was no association between noise sensitivity and noise annoyance.
Reducing nocebo responses
Harnessing the placebo effect to reverse or reduce nocebo responses
Results reported in chapter four also demonstrated that increased symptom reporting and
mood deterioration, elicited by negative expectations, could be reversed by the provision of
positive expectations. As previously discussed, this placebo response may be explained, in
part, by the reduction in anxiety reported during sessions which followed the delivery of
positive expectations (Benedetti et al., 2011).
Importantly, findings reported in chapter four showed that symptom reporting
following the delivery of negative expectations, was significantly reduced, if participants had
previously received positive expectations about exposure to infrasound. It is notable that
participants who had received prior positive expectations, reported comparatively less anxiety
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and worry, during negative expectation exposure sessions. Field research indicates that the
more worried individuals are about the health effects of an environmental exposure, the more
likely they are to report symptoms, even when no health risk is posed (e.g. Danker-Hopfe,
Dorn, Bornkessel, & Sauter, 2010). Further, elevated anxiety has been linked to nocebo
responses in experimental studies (e.g., Benedetti, Amanzio, Vighetti, & Asteggiano, 2006).
Therefore, higher anxiety and worry about the health effects posed by an environmental agent
appear to be related to stronger symptom expectations. Conversely, lower anxiety and worry
about the health risk associated with an environmental exposure seem to be related to weaker
symptom expectations. Thus, it appears, that prior positive expectations operated to weaken
later negative expectations, which was signified by lower negative mood scores during
negative expectation exposure sessions.

The provision of a nocebo explanation to reverse the nocebo effect
Results reported in chapter five showed that providing a nocebo explanation for symptoms
experienced during exposure to an environmental agent, perceived to be hazardous as a result
of accessing negative media health warnings, reversed symptom reporting during a further
period of exposure. The nocebo explanation normalised the nocebo response, eliminated
blame, and ensured that symptoms experienced were validated. Evidence demonstrates that
not feeling believed or taken seriously can make individuals resistant to psychological
explanations for symptoms, and therefore more likely to sustain beliefs that symptoms have a
biological cause (Lidén, Björk-Brämberg, & Svensson, 2015; Stone, 2014).
That the nocebo explanation for symptoms was immediately followed by a period of
exposure to wind farm sound, allowing participants to assess in a concrete way whether their
experience could be explained by the nocebo response, was likely to have enhanced
reassurance, thereby leading to reduced symptoms. The literature indicates that simply

112

revealing that the experience of symptoms does not have a pathogenic cause is not reassuring,
and is unlikely to alleviate anxiety and reduce symptom reporting (Petrie and Sherriff, 2014;
Rief et al., 2006). Thus, providing feedback to individuals with subjective sensitivity to
mobile phone signals, that they had been unable to discriminate an active signal, from a sham
signal, had no impact on subsequent symptom levels or perceived sensitivity to mobile
phones (Nieto-Hernandez, Rubin, Cleare, Weinman, & Wessely, 2008). However, there are
indications that if these individuals had been given pre-test information about psychological
explanations for symptom reporting, they may have been more reassured by feedback that
symptoms were not apparently caused by any bio-electromagnetic mechanism (Donkin et al.,
2006; Petrie et al., 2007). This is supported by results reported in chapter five. Enhanced
reassurance was reflected in the shift in health concern seen over the course of the
experiment, whereby participants given a nocebo explanation for symptoms were no longer
concerned about the health effects of wind farm sound by the end of the experiment.

Strengths and Limitations
Strengths
It was an overall strength that the experimental work in this thesis addressed research
questions, emerging from the field literature, about health complaints attributed to wind
farms. It is important to note that field studies and epidemiological data have been crucial to
uncover temporal and geographical patterns of health complaints (e.g. Chapman et al., 2013),
and to help determine whether symptom reporting can be directly explained by exposure to
operating wind turbines (e.g. Bakker et al., 2012). However, there are limits to the extent to
which cross-sectional field research can uncover and test mechanisms explaining negative
health reactions to wind farms, when the evidence suggests there is no direct association
between wind farm operations and symptom reports (e.g., Michaud, 2015). Furthermore,
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while cross-sectional wind farm research has revealed important associations between noise
annoyance and outcome variables such as distress and physical symptoms related to stress,
temporality of cause and effect cannot be determined (Ellenbogen et al., 2012).
The studies conducted were designed to assess, in a controlled setting, whether health
concerns and related negative expectations could provide a pathway for increased symptom
reporting and annoyance reactions, given recent evidence of elevated anxiety in the
community about health risks posed by wind farms (e.g., Songsore & Buzzelli, 2014). The
experiments built on a previous sham controlled study which provided indications that
nocebo responses might be playing a role in health complaints attributed to wind farms
(Crichton et al., 2014c). The studies were also intended to help address a dearth of research
exploring psychological factors contributing to symptom reporting in wind farm
communities.
It was a particular strength of this series of studies that the experiments were
conducted at the Acoustic Research Centre, in a listening room built to international
standards for experiments assessing subjective responses to sound (IEC268-13). Given
participants were recruited on the basis they were taking part in a study investigating the
effect of infrasound on the experience of symptoms and mood, the use of the Acoustic
Research Centre also increased the face validity of the cover story.
There were a number of factors which improved the external validity of the studies.
Importantly, the audible sound to which participants were exposed had been recorded
approximately 1km from a wind farm, and was transmitted at 43dB, a level comparable to the
maximum level of wind farm noise exposure set in many countries throughout the world (e.g.
Chiles, 2010). Participants were also exposed to infrasound at 9Hz, which was transmitted
during listening sessions at 50.4dB, to replicate as closely as possible the pressure level of
9Hz measured in field studies 350m from wind farms (Turnbull et al., 2012). In addition, the
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studies were constructed to evaluate the mood and health effects of accessing negative health
information currently available on the internet, and often distributed in wind farm
communities (e.g., Chapman, Joshi, & Fry, 2014). Given that symptom reporting has
involved residents described as having been healthy members of the community prior to
exposure to wind farms (e.g., Ambrose, Rand, & Krogh, 2013), healthy volunteers were also
recruited to participate in the experimental studies.
Crucially, the controlled nature of the experimental design, allowed for conclusions
about causality, because findings showed that expectations formed immediately prior to wind
farm sound exposure, influenced symptom, mood, and annoyance reactions during exposure
periods. Further, the experimental nature of the research meant, once negative expectations
had been established as a feasible mechanism for increased annoyance and health complaints,
effective methods to reverse or reduce the effect of negative expectations could also be
explored. While it is not possible to be certain from experimental results alone that, in
community or clinical settings, the influence of negative expectations can be reduced or
reversed in the manner indicated in chapters four and five, experimental findings suggest
avenues for future research.
Limitations
The series of studies reported in this thesis were experimental in nature, which lends itself to
the criticism that, experiencing discrete intervals of sound, under controlled conditions, does
not wholly emulate the experience of sound in the home environment. In particular, in realworld settings, exposure to wind farm sound occurs over sustained periods of time, in a
context where there will be exposure to a variety of other sounds, including other sources of
infrasound.
It is also important to note that the frequency of infrasound produced by wind turbines
ranges across the infrasonic spectrum from 0.01Hz to 20Hz (Berger et al., 2015), and it was
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not possible to replicate infrasound across this range. Therefore, it is not suggested that direct
conclusions can be drawn about exposure to wind farm sound and resultant effects on human
health. Findings must be considered alongside the empirical evidence that infrasound
generated by wind turbines would not cause health effects (e.g., McCunney, 2015). These
experiments only indicate the potential for negative expectations to be implicated in the
experience of health effects attributed to wind farms, given that evidence does not suggest a
direct pathophysiological link between wind turbine sound and the symptoms reported (e.g.,
Michaud, 2015).
It is also relevant that symptoms were evaluated in a quiet listening room, over short
discrete time periods. Therefore, whether negative expectations would continue to invoke
symptomatic responses over a longer duration of sound exposure is unclear. Nonetheless,
evidence from sham controlled provocation studies in the area of idiopathic environmental
intolerance indicate that ongoing symptomatic experiences, attributed to electromagnetic
fields, transpire as a result of prior beliefs and expectations, rather than as a result of any
direct physiological effect of electromagnetic exposure (Rubin et al., 2010). Thus, there are
signs that in real-world settings, where negative expectations persist, they will continue to
provoke symptomatic responses over time.
As alluded to above, it is a further limitation of these studies that it is not possible to
be certain from experimental results alone that the influence of negative expectations can be
reduced or reversed in community or clinical settings, in the ways indicated in chapters four
and five. Therefore, future research within wind farm communities is required before
definitive conclusions can be made about the real world applicability of experimental
findings.
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Theoretical implications of findings
It was a consistent finding across experiments that healthy volunteers, exposed to media
health warnings about an innocuous environmental sound, experienced nocebo responses
during periods of exposure to that sound. Findings suggest an explanatory framework for
medically unexplained symptom presentations attributed to environmental agents, whereby
concern about the health effects of an environmental exposure, and related negative
expectations, initiate nocebo responses during exposure to the agent of concern. Such health
concerns may be conveyed through social processes, such as discussions with friends and
family, and/or as a result of accessing information about health risk, such as media health
warnings.
This explanatory framework for symptoms suggests the following processes. Once
health concerns are formed, an expectancy directed physiological monitoring process is likely
to occur, so that concerned individuals can substantiate whether they are suffering ill-effects
from exposure. Focused attention to the body is likely to draw awareness to common
symptoms and ambiguous sensations, as well as symptoms of heightened anxiety. Given that
negative expectations provide a cognitive framework for the interpretation of symptoms, once
detected, such symptoms are liable to be misattributed to the agent of concern, and viewed as
evidence verifying health concerns. This is indicated by the extent to which concern about the
health effects of sound produced by wind turbines changed during the experimental study
reported in chapter five. Concern significantly increased over the course of the experiment, in
participants with sustained negative expectations, indicating that symptomatic experiences
intensified health concerns about sound exposure.
Further, symptomatic experiences may then be heightened and perpetuated by a
process whereby initial symptoms reinforce negative expectations, leading to elevated
anxiety, and an amplification of symptoms during further exposure. This is suggested by
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results reported in chapter three, which demonstrated that nocebo symptoms and negative
mood reported by negative expectation participants, significantly increased between exposure
session one and exposure session two.
This proposed explanatory framework builds on symptom perception processes
involved in medically unexplained symptom presentations proposed by Pennebaker (e.g.
1994), and is conceptually consistent with other cognitive-behavioural models of medically
unexplained symptom presentations attributed to environmental agents (e.g., Bailer, Witthöft,
Bayerl, & Rist, 2007; Witthöft, Gerlach, & Bailer, 2006; Witthöft & Hiller, 2010).
Importantly, this explanatory framework for symptoms indicates that successful
interventions to ameliorate symptom reporting are likely to involve reversing negative
expectations, as the critical mechanism of the nocebo effect. This is supported by findings
reported in chapters four and five. Critically, findings in chapter five indicate that providing
individuals with an alternative nocebo explanation for their experience of symptoms, has the
potential to extinguish nocebo responses by neutralising negative expectations. Results
reported in chapter five also provide further indications that, in the experimental context,
initial symptoms were triggered by negative expectations, given that symptoms returned to
baseline levels once the nocebo explanation for symptoms was delivered. Thus, findings
provide further support for the likely involvement of nocebo responses in symptom reporting
attributed to innocuous environmental agents, and also indicate that interventions designed to
reduce symptom reporting should be directed to extinguishing negative expectations.

Practical implications of thesis findings: Wind farm communities
Findings suggest that reported health effects in wind farm communities may be explained by
a process whereby health concerns about wind farm sound, invoked by information such as
media health warnings, inform negative expectations. These negative expectations then
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trigger nocebo responses, and also elevate noise annoyance reactions associated with the
experience of stress related health effects. These findings have practical implications given
that negative information about wind farm sound is widely available.
In particular, recent analysis of newspaper reporting in Canada has confirmed that
reports are more likely to portray wind farm health issues negatively, than in neutral or
positive ways (Deignan & Hoffman-Goetz, 2015). Further, this trend, which was even more
evident in community newspapers covering local wind farm issues, indicates the likelihood of
heightened risk perception about wind farm sound, especially in wind farm communities.
Moreover, in Australia, mainstream media have been criticised for misreporting the scientific
evidence about wind farm health effects; one national newspaper recently reported that a
“ground-breaking” study had concluded people living near wind farms faced a greater risk of
suffering health issues caused by low-frequency noise generated by turbines (Barry, 2015).
There is, therefore, a very real likelihood that residents, living in communities in which wind
farms are proposed or operating, will be exposed to anxiety provoking negative rhetoric about
wind farms. This is particularly likely to be the case if residents employ the internet to seek
out information about wind farms, given consistent evidence that such negative media news
stories are perpetuated on the internet beyond their date of initial publication or broadcast
(Chapman, et al., 2014).
While changing the media narrative about wind farm health effects, to one that is
more closely aligned with the scientific evidence, might reduce nocebo responses in the
community, this is unlikely to be achieved. As has been recently noted, it is unrealistic to ask
the media to report about wind farms, or about any aspect of modern life about which there
are claims of ill-health, in a way that reflects strict standards of scientific accuracy,
particularly when such claims are supported by first person accounts of suffering (Langford
& Wessely, 2015). Further, even if journalists and other members of the conventional media
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were to be more circumspect about reporting on health risks posed by wind farms,
misinformation about wind farm health effects would continue to be promulgated on the
internet. Evidence indicates the internet is a major conduit for the dissemination of
misinformation about wind farm health effects by anti-wind farm activists, and, in particular,
there is a significant use of social media to propagate anti-wind farm messages (Leventhall,
2013; Munk, 2014). Thus, attempting to prevent exposure to negative health information
about wind farm health effects is unlikely to be an effective strategy to reduce health
complaints attributed to wind turbine sound.
Results set out in chapter four indicate that ensuring wind farm residents are given
positive health information about exposure to infrasound, has the potential to reduce
symptom reporting in response to later exposure to negative health information about wind
farms. Further, results reported in chapter six indicate that the positive portrayal of wind farm
sound is likely to reduce noise annoyance, even in noise sensitive individuals. Evidence
indicates that framing an environmental exposure as a natural agent produces positive
expectations (Nordin et al., 2013a). This provides encouraging indications that familiarising
residents with the fact infrasound exposure is an everyday natural occurrence will create
more positive expectations, reducing the potential for negative responses during periods of
exposure to wind farm sound. While further research is required to test how to best
disseminate positive expectations about wind farm sound, there are promising indications that
the most effective way to circulate positive health information may be via the internet (e.g.,
Bode & Vraga, 2015; Vance, Howe, & Dellavalle, 2009). In particular, given the broad reach
of social media platforms, and the increasing tendency of internet users to use such channels
to source health based information, evidence suggests that such forums may be used as an
efficient and cost effective means to rapidly transmit public health messages, such as positive
health messages about wind farms (Chapman, 2015a).
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There are also likely to be situations when health concerns about wind farms have to
be directly addressed in communities in which wind farm are proposed or operating.
Experimental findings indicate that risk perceptions may be minimised by providing positive
health information about wind farms, and by addressing health concerns by delivering an
account of how reported symptoms may be explained by nocebo responses.
Addressing health concerns during the initial stages of the wind farm development
project is likely to be useful, given evidence suggesting that communication designed to
prevent misinformation becoming entrenched is more effective early in the consultation
process (D'Souza & Yiridoe, 2014). The need for early intervention is particularly apparent
given that, as wind farm health issues have become more prominent in the media,
anticipatory fear of health effects is evident in communities faced with the prospect of wind
farm development (Baxter, Morzaria, & Hirsch, 2013; Mroczek, Banaś, MachowskaSzewczyk, & Kurpas, 2015). Further, groups opposed to wind farms have been shown to
galvanise opposition to proposed wind farm construction by calling public meetings and
disseminating negative information designed to stimulate health concern (Chapman, et al.,
2014).
Field evidence indicates that the simple assertion by wind farm supporters that wind
farms do no not cause health effects is often regarded with suspicion, is unlikely to allay
fears, and may even reinforce misperceptions (Fast & Mabee, 2015; Walker, Baxter, &
Ouellette, 2015). Research suggests this is because such a denial creates an explanatory void
leaving concerned individuals with an incomplete cognitive model of reported events, so, to
make sense of events, the misinformation is reconfirmed (Lewandowsky, Ecker, Seifert,
Schwarz, & Cook, 2012). In terms of wind farms, such a mental model could be depicted in
the following way: While I have been told wind farms do not pose health risks, I have heard
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people have become sick when wind turbines becoming operational, so assertions that wind
farms cause symptoms must be correct.
Evidence indicates that an effective method to address the continued influence of
misinformation about wind farm health complaints is to provide a coherent alternative
explanation for symptom reporting (Cook, Ecker, & Lewandowsky, 2015). Results set out in
chapter five indicate that providing an alternative reassuring explanation for symptom
complaints, by elucidating the likely role of the nocebo effect, has the potential to fill the
explanatory gap created when repudiating claims that wind turbine sound exposure causes
reported health effects.
Further, while the optimal way to avert community distress and prevent symptom
reporting is likely to involve approaches designed to ensure negative expectations are not
established, there is also an apparent need for effective strategies to reverse nocebo responses
to address current symptom reporting. Those attributing symptoms to wind farms experience
high levels of distress and symptoms often deteriorate over time, suggesting that current
strategies are not successful to alleviate symptoms (Jeffery, Krogh, & Horner, 2013). Some
residents reporting symptoms have indicated their primary care physicians have confirmed
that wind turbines are the cause of their medical complaints (Magari, Smith, Schiff, & Rohr,
2014). While this approach may make patients feel validated, findings reported in this thesis
indicate that it is unlikely to ameliorate symptoms and may further exacerbate health
concerns and nocebo responses. There are preliminary indications, reported in chapter five,
that interventions providing such individuals with an explanation for symptoms detailing how
nocebo responding could account for symptom experiences, have the potential to alleviate
health complaints.
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Future directions
A targeted information campaign
Future research should now test whether experimental findings will translate to community
settings. One approach would be to select a proposed wind farm community and institute a
targeted information campaign, during community consultation and engagement processes.
The purpose of the exercise would be to assess whether community distress, and the
likelihood of future health complaints, may be reduced by a pre-emptive strategy, whereby
members of the prospective wind farm community are provided positive health information
about wind farms, and, when health concerns are raised, they are given an account of how
symptoms reported in other wind farm communities may be explained by nocebo reactions. A
control community, which would not be the subject of the targeted information campaign,
should also be selected. The control community should be chosen on the basis that it is
similar to the intervention community, in terms of demographics, and because the projected
wind farm development is of comparable size, and will be constructed within a similar time
period. Outcome measures such as noise annoyance, symptoms attributed to wind farms, and
satisfaction with the wind farm, could be assessed from the point where wind turbines
become operational, and over future years of operation. Proposed wind farm communities in
Australia may prove to be the best setting for this research, given that wind farm development
is particularly contentious in Australia, and there are many opportunities for public
engagement as part of local government planning and consent processes (Chapman et al.,
2014; Chapman, 2015c).
The targeted information process should integrate communication strategies involving
face-to-face meetings, as well as the use of both conventional media and the internet. In terms
of direct community engagement, a series of public meetings should be convened by the wind
farm proponent to address and answer public concerns. It is important to bear in mind that
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conveying the message that wind farms do not pose health risks has been shown to be
complicated by trust issues, where the assertions by wind farm developers and supporters that
wind farms do not cause health effects are often regarded with suspicion (Fast & Mabee,
2015). Recent research also indicates that resistance to wind energy developments on health
grounds has been prompted by perceptions of unfair treatment in relation to those raising
health concerns, particularly when concerns were seen to be ignored or pejoratively
dismissed (Songsore & Buzzelli, 2014). This suggests it would be helpful to have questions
comprehensively addressed by members of an invited panel of independent health and
acoustic experts. Reassurance may also be enhanced if an independent health professional
provided the nocebo explanation for symptom complaints reported in some wind farm
communities.
Further, positive information could be disseminated through traditional media, such as
community newspapers, or through an information pamphlet directly delivered to residents’
homes, and available on a website created specifically for the proposed wind farm project.
Such positive information should include material about the health benefits of wind farms,
including recent findings that wind farms present significant health benefits over energy
generation from fossil fuel combustion, with the potential to improve population health
outcomes (Buonocore et al., 2015; Dora et al., 2015; Watts et al., 2015). Experimental results
also suggest that infrasound should be depicted as a normal component of environmental
sound, and a natural phenomenon occurring throughout nature. Reference could also be
made to the use of infrasound exposure in therapeutic contexts (e.g., Haneke, Carson,
Gregorio, & Maull, 2001).
Given that the majority of the global online population are active social media users,
and the popularity of social networking is increasing across age groups, the use of social
media may be a particularly effective way of reaching residents within a proposed wind farm
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community (Dugan et al., 2014; Kemp, 2015; Munk, 2014). An interactive social media tool
for parents with concerns and questions about childhood vaccines, has been shown to have
potential efficacy as an intervention to address vaccine misperceptions, and assist parents to
make informed vaccination decisions (Shoup et al., 2015). Building on this approach, an
interactive social media tool, specifically created for the target community, could provide
positive health information about wind farms, while also incorporating interactive features,
such as discussion forums, where members of the proposed wind farm community would be
invited to put questions and concerns, which could then be directly answered.

Future intervention research
Future investigation is also required to assess whether successful strategies to reverse
negative expectations and reduce symptomatic experiences, reported in this thesis, can be
extended to ameliorate symptoms in the community, particularly in relation to residents with
longstanding health complaints. Such research should extend to whether such an explanation
can be effective to reduce symptoms when conveyed as part of the routine medical
consultation, or whether this explanation should be integrated into a more comprehensive
intervention programme. In relation to patients experiencing medically unexplained
symptoms, research indicates that interventions which target health related cognitions are
more likely to be successful when they involve multiple sessions and are administered by
mental health professionals, rather than delivered by general practitioners (Kleinstäuber,
Witthöft, & Hiller, 2011). It is also possible that the provision of an alternative nocebo
explanation for symptom reporting may be usefully combined with therapeutic approaches,
such as relaxation therapy, shown in other contexts to be helpful to reduce reported
symptoms attributed to perceived sensitivity to exposure to low frequency noise (e.g.,
Leventhall, Benton, & Robertson, 2008).
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Findings reported in chapter five also indicate that integrating a sham controlled
provocation assessment, as part of the intervention, might increase reassurance and reduce
symptom reporting and misattribution of symptoms to wind farm infrasound exposure. This
is because such an assessment would allow patients to immediately evaluate, in a concrete
way, whether the experience of symptoms is triggered in both the presence of genuine
infrasound and sham infrasound. Thus future intervention research should evaluate the
effectiveness of combining nocebo explanations with sham controlled provocation
assessment to reduce symptom reporting in the community.

Summary
Over the past few years there has been an emergence of reports that a number of individuals
living in the environs of wind farms are experiencing recurrent non-specific symptoms they
attribute to exposure to wind turbine sound, particularly sub-audible low frequency sound in
the infrasonic range (Pierpont, 2009; McMurtry, 2011). However, the empirical evidence
does not support a direct, causal relationship between symptom reporting and exposure to
either audible, or sub-audible wind turbine sound (e.g. Berger et al., 2015; Knopper et al.,
2014).
What the empirical research does reveal is a clustering effect, whereby both elevated
noise complaints and symptom reporting tend to arise in geographical areas where residents
have been exposed to misinformation, highlighting the purported health dangers posed by
sound, particularly infrasound, produced by wind turbines (Chapman, et al., 2013). Both
experimental and field evidence indicates that accessing media warnings, about the health
effects of exposure to environmental agents, can amplify health concerns and create negative
expectations which trigger symptomatic experiences, during periods of exposure which are
indisputably benign (e.g. Brewer, Hallman & Kipen, 2008; Witthöft & Rubin, 2013).
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In keeping with this evidence, a series of experimental studies were conducted to
investigate whether elevated anxiety and negative expectations, formed from exposure to
health warnings about wind farm sound, might be providing a pathway for annoyance
reactions and symptom reporting in community settings. These experiments were also
designed to provide evidence to inform strategies to assuage health complaints attributed to
infrasound produced by wind turbines
Overall, the series of experiments reported in this thesis showed a consistent
relationship between exposure to media health warnings about wind farms and both symptom
reporting and mood deterioration, during contemporaneous exposure to infrasound and
audible wind farm sound. Thus, results suggest that negative expectations, triggered by media
health warnings and social discourse about wind farm health effects, may be providing a
pathway for symptom reporting in wind farm communities. Critically, results also indicated
that individuals were less concerned by negative health information about wind farm sound,
and were less likely to experience nocebo responses, if they had been exposed to a positive
health narrative about infrasound, or were cognisant of the fact that reported symptoms could
be explained by the nocebo effect.
Further, results demonstrated that accessing media health warnings about wind farm
sound, elevated noise annoyance during simultaneous exposure to infrasound and audible
wind farm sound. This was particularly the case for noise sensitive individuals. However,
individuals exposed to a positive health narrative about infrasound, were not annoyed by
wind farm sound, even if they were noise sensitive.
Thus, experimental findings suggest that creating more positive expectations about
wind farm sound may ameliorate health complaints and reduce annoyance reactions in wind
farm communities. Future research should be directed to the most effective method of
delivering such expectations in real-world settings.
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