STRESS RECOVERY DURING EXPOSURE TO NATURAL
SOUNDS AND ENVIRONMENTAL NOISE

Jesper Alvarsson

Research suggests that physiological stress reactiay be reduced
by visual impressions from natural environmentscampared to

urban or built-up environments. The present expemimtested

whether similar effects might be found by auditetynulation. Forty

university students were tested in an experimetit feur consecutive
recovery sessions after stressful mental arithmeésts. The

independent variables were type of sound duringwery. The sound
was either a natural sound environment (sounds frester and

birdsong, at 50 dBA), or three types of noisy emwiments (traffic

noises at 50 or 80 dBA or ambient background s@irt) dBA). The

main dependent variables were physiological regofrem stress, as
measured by decrease in heart rate (HR) and skiductance level
(SCL) after the stressful arithmetic test. The nrasult was that SCL
reduction was faster during nature sounds thanndutihe various
noises. For HR, no systematic effects of experialespunds were
found. The result for SCL lends some support thpothesis that
exposure to natural sounds facilitate physiologstadss recovery.

Edward Wilson postulated (1984) in his book Biophilhat humans are genetically
programmed with a preference for nature and radatisglike for urban environments,
formed from the millions of years of adaptation. Ekled this thesis biophilia. A
concept originally postulated by Erich Fromm as ke for humanity and nature
(1964). A year before Biophilia, Roger Ulrich (1983ublished his ground breaking
article in Science on improved surgical recovery gatients whose windows faced a
park rather then a brick wall. This study showedt thature has a positive effect on
human health. Since then, many social scientistg lpat their effort into discovering
positive effects of nature on humans in variousiremments (e.g. Hartig, Kaiser &
Bowler 2001; Maller, Townsend, Pryor, Brown & Leg@005; Parsons, Tassinary,
Ulrich, Hebl & Grossman, 1998; Ulrich et al.,, 199The problems investigated are
primarily concerned with urbanization and its effeq, stress, social well-being, and
emotion The findings in research of preference concerniatyne and urbanization,
points exclusively to the positive effect of greeas and negative effect of urban ones.
This shows that design of the public urban livipgee is important for general health
and well being (van den Berg, Hartig & Staats, J00he positive experiences of
nature in these studies may of course be a re§uttherited perception patterns of
surroundings, but it can just as well be the restilattitudes in favor of nature and
dislike of urbanity, taught from toddlerhood andbilghout the upbringing..

Some researchers have taken a holistic hold onisthee (Frumkin 2001; Kaplan,
Kaplan & Ryan 1998) and tried to describe the dergerience of a human in nature.
Methodologically, this is very complex task givdrat many variables may influence
the experience. Accounting for everything is nofeasible scientific undertaking.
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Neither is the question of where the positive eigmee is coming from. Attempts have
been made with visual stimulation and physiologioalasures to investigate how basic
these experiences are. Parsons et al. (1998) uged and sound stimuli to investigate
whether stress recovery was related to roadsid@ogmeent, urban or countryside.

Where they found that recovery during nature statioh was faster then during other
conditions.

Self report as a way to measure variables is pnodie in many ways. Studies have
shown that affect intensity influences the accuraityn which participants can report
their arousal. Instead of using self report as asuee of stress it might be more
profitable to measure it physiologically (Blascdvié& Kelsey, 1990). Physiological

effects during sleep are evidence to the importasfcaon-conscious measurement.
Haralabidis et al. (2008) found that noise exposlineng sleep elevated the subjects’
blood pressure (BP). Similar negative effects ab@aluring sleep on heart rate (HR)
have also been found (Griefahn, Brode, Marks & BgsB007). In awake conditions,
Lusk, Hagerty, Gillespie & Ziemba (2004) have shahat BP and HR were positively
correlated with noise level (dBA) for industrialbtzurers, showing the undesirable
effects of noise on cardiovascular health duringkw@his indicates that the negative
effects of noise are stable in different levels@fisciousness on group level.

The autonomic nervous system can be divided intoftmctional parts, the sympathic
and the parasympathic, the former mobilizes theyldod action and the later rest and
recovery. Separating these in physiological meagwvould yield additional insights
into the process behind stress and arousal. Skadumtance level (SCL) is a pure
measure of sympathic activity through sweating, islRredominantly controlled by the
parasympathic vagus nerve and influenced by syrmgpathivity (Blascovich & Kelsey,
1990).

Ulrich et al. (1991) was some of the first researsito use physiological measures to
investigate nature’s effects on stress recoveryeyTlound that faster physiological
recovery during exposure to nature compared toruep@&ironments might be related to
parasympathic activity. Fredrickson, Mancuso, Byani & Tugade (2000) used a mild
stress test in form of a fake speech preparatisk dad then afterwards showed videos
inducing emotion. They concluded that the effegbasditive recovery stimuli might not
be a simple replacement of negative affections \pitkitive, but rather an undoing
effect of the cardiovascular reactions to negagivetions.

Noise may also have a positive effect on perforraars the cardiovascular system
becomes activated so does the cognitive systemncéotain degree. Studies have shown
that during low mental load tasks, noise can haymositive effect on performance
(Stansfeld et al, 2005), especially for noise semsindividuals (Weinstein, 1978). For
these persons performance during noise exposumvered (Pawlacyk-Luszczynska,
Dudarewicz, Waszkowska, Szymczak & Sliwnska-Kowsask005; Sandrock, Schiitte,
& Griefahn, 2008; Waye et al, 2001), indicating thgortance to control for noise
sensitivity. Previous research has shown that symactivity is influenced by the
mental load during relaxation (Wegner, Broome &rBherg, 1997), which shows that
increased SCL is sometimes indicative of mental.loa



3

A major challenge is to connect the long-term dffeaf noise and health (Babisch,
2008), with the many short-term experimental efeshown in various studies

(Chiovenda, et al., 2007; Westman & Walters, 198drsson Waye et.al., 2001). Ising
and Michalak (2004) showed that there is no imntedm@nnection between the two.
One main concern is the focus in mainstream pswpgfyobn group comparisons rather
than investigation of underlying processes (Bergmam Eye & Magnusson, 2006;

Molenaar, 2004). To assess this problem, a moraredd mathematical framework
needs to be applied especially since many arepsyahology are heading into research
focused on biological processes that interact \aitidl create various psychological
phenomena.

A problem concerning validity is also the fact tlla¢ choice of sound stimuli is as
important as the principles for measurement. A comgnused term in environmental
psychology is that of noise, but as Berglund andddn have shown (2003) noise can
be separated into different sources (traffic, aifitcrtrain), which gives different
thresholds for identification. It has been showat tanfamiliarity of accent increases
mental load in participants (Adank, Evans, Stuait- Scott, 2009). Both these
studies indicates that identification of the sowwlrce is involved in the sound
processing and therefore also possibly the phygicdd response, indicating that
generalization might be constrained in a limitechati sample.

The main purpose of this study was to explore wéretbbund stimulation from different

environmental sources can influence physiologieabvery from stress. Both HR and
SCL were used as indicators of physiological stressder to obtain measures related
to parasympathic and sympathic activity. The hypsith was that listening to noise
while resting after stress increases the time ree&mleeach physiological relaxation, in

comparison to listening to naturalistic and ambisatinds. Another aim was to see
whether there where any effects on subsequentrpaafece after sound stimulation.

Method

Participants

Forty university students participated in the expent (24 women and 18 men, mean
age = 27 years). As compensation they could ethese course credit or a payment of
~13 $ (100 SEK). HR data was missing from thredigpants (1 man, 2 woman) due

to electrode failure.

Experimental design

The experiment consisted of three types of expogdjeA quiet baseline period, five
minutes, (2) periods of testing (“stressor”), twdnuoies each and (3) periods of
relaxation, four minutes each, during which varidyses of sounds were presented.
Each participant was exposed to four different sisuduring relaxation. Figure 1
illustrates the experiment schematically. Totaldifor the experiment was around 45
minutes.



Stress level

Time
Figure 1. Experimental design with duration andezted
stress level on the axis

A 4 x 4 mixed design was used, with sound durirgxaion as within subject variable

and presentation order of the four sounds as betwabject variable (the sounds are
described in detail below). Possible order effeetse controlled with a Latin square

design, described in Table 1. The participants wemedomly assigned to one of the four
orders of experimental sounds.

Table .. 4 x4 Latin squardesign of experimental soun

Experimental groups

Order of
experimental Group 1 Group 2 Group 3 Group 4
sounds
1 Natural High noise Ambient Low noise
2 High noise Natural Low Noise Ambient
3 Ambient Low noise Natural High noise
4 Low noise Ambient High noise Natural
Sressor

The stressor was a two minute speeded mental aiihtask (referred to as stress test).
The task was to decide, within 3 s, whether a digga equation was correct or false by
pressing one of two keys on a numeric keyboard. fEsponses were evaluated as
either “correct”, “false” or “too late” (if laterhtan 3 s). Feedback was presented on the
screen (correct, false or too late) and througpleares with a specific sound for each
type of feed-back. The equations consisted of mapthmetic operations, such as:

543-345=193, (1)

The first two terms were integers between 2 and 889@ the answer was a positive
whole number below 1000 which either was corredatse (correct answer +/- 3). The
operator could either be addition, subtractionjsitmm or multiplication. Each sign had
250 equations in a database, half correct andfalsé. Overall performance (percent
correct) was continuously updated and displayethéoparticipants in the upper left
corner of the screen.



Experimental sounds

During each recovery period the participant wasosgd to one of four experimental
sounds for 4 min. The four sounds were (1) Natsoaind, (2) Ambient sound, (3) Low
noise sound and (4) High noise sound.

(1) The natural sound was a mixture of sounds feofountain and tweeting birds. The
sound level was set to 50 dReg,3min.

(2) The ambient sound was a recording of a quiekysrd, with a constant low level
city hum, considered as a commonly experiencedt guieironment. The sound level
was set to 40 dBaeg,3min

(3) The Low noise sound was traffic noise recordémbe to a densely trafficked
highway. The sound level was set to 50L3&,3min

(4) The High noise was the same traffic noise &sltbw noise, but presented at a
considerably higher level, 80 dBeg,3min-

The natural and traffic sounds were chosen sudhthieanumber of events and overall
characteristics were as similar as possible. Thel lef the Natural and the Low noise
was set equal (50 dB) in order to explore the ¢fdésource content at a constant sound
level.

Dependent measure
The mean of second 150-270 of the 300 second haseias used as an estimate of
resting state arousal for HR and SCL respectively

HR was recorded throughout the experiment. Threetreldes were applied by the
participant themselves under supervision of theegrgenter. The first electrode was
positioned five centimeters to the right of the eippternum and the other two on the
left and right side of the stomach, just belowtibeage. It was computed from EKG as
the distance between R- waves.

SCL was recorded throughout the experiment. Twateldes were fitted by the
experiment leader to the non dominant hand on Imgmar eminence. The SCL was
measured as the change in conductance betweendteddctrodes at 1000 Hz.

The number of corrects responses during the stestswas used as a measure of
performance. A response was defined as correbeifight answer was given within 3
seconds. Late answers were coded as incorrect.

Procedure

Participants were randomized to one of four groupkijch were given different
presentation orders of experimental sounds. Thege wested individually by the
experiment leader. The participants were first dsice wash their hands. They were
then seated in a soundproof room and given a wrdéscription of the experiment. The
electrodes were then fitted to their bodies. Lastly participant received a pair of
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headphones and a trial of the stress was presehtgdg which data output was
checked.

Participants were asked to relax in silence dutiregfive minute baseline. When the
baseline period was over a prerecorded female \gaibthat the first test was to begin
with two minutes of the stressor. After the stressbe female voice instructed the
participants to relax and one of the four sounohslii was presented for four minutes.
This was then repeated three more times for eaditipant, with different sounds in
each relaxation period (Figure 1).

At the end of the experiment, the participants ared questions about their age, sex,
country of upbringing, number of years in collegagymber of years studying
psychology and three questions measuring noise itiségs (Weinstein, 1978).
Afterwards, participants listened to the four expental sounds one more time and
rated the perceived pleasantness, eventfulnesdaamliarity on three bipolar category
scales (Axelsson, 2007). Finally, the participatiiséshold of hearing was tested, their
audiogram was determined using an audiometer @oteistics Diagnostic Audiometer
AD226, Hughson-Westlake method).

Equipment

The sounds were recorded with a binaural head @sd simulator Bruel & Kjeer type
4100, with two microphones type 4190 and two preldrars type 2669, one
conditioning amplifier NEXUS Bruel & Kjeer type 26%00S4 and a calibrator Briel &
Kjeer type 4231 plus adapter model 0887. A portablaputer Dolch NPAC-Plus P111
with a 6-channel LynxTwo sound card stored the ngiogs with 24 bit resolution and
48 kHz sampling frequency using Sound Forge 7.ifgliand mixing was later done
with the same program

In the soundproof room, the signal was fed intogatal filter and D/A-converter Rane
RPM 26z, and were then presented through Sennh¢i3&00 headphones. The whole
listening system was calibrated using a pink-nsigmal, which was measured at the
point of the listener’s ear. The frequency resparidbe whole listening system was flat
within 2 dB, 1/3-octave-band levels, 25-16 000 Hz.

The physiological data was recorded through a Ridpgstems MP100AT, 1000 Hz.
HR was measured with a Biopac ECG100C amplifierRed Dot" Ag/AgClI solid gel
electrodes and for SCR a Biopac GSR100C amplifier BDA isotonic gel electrodes
were used.

Both programming and presentation of the ment#haetic stress task was conducted
in Matlab 6.5, and the performance results wereedaas a text file. For the
physiological data Matlab 6.5 was used for analyBie recordings were divided into
the different parts of the experiment, baselinessttask (1-5) and recovery (1-4). Data
were later imported into SPSS 16 for significanestihg. Questionnaire data was
analyzed in SPSS 16.
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Results

Group differences

No group difference was found in noise sensitiygym of three items), age, years in
college and years studying psychology (one-way AMQN(3,36)=.634, p=.536). This
indicates that the group randomization was sucgkessf

Perceptual assessment of experimental sounds

The ratings of the sounds showed that the Natanahd was the most pleasant sound
followed by Low noise and Ambient sound which weimilar in pleasantness and the
High noise sound which clearly was the least pletasé the sounds, illustrated in
Figure 2. As expected, the ambient sound was pe&deas least eventful and least
familiar, since it contained no audible sources wad perceived as an undifferentiated
background sound.

scale
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Figure 2: Mean values of pleasantness,
eventfulness and familiarity for all sounds.
Error bars represents the standard error of
the mean

Performance during stress test

To minimize group differences in mathematical skiksults from the first stress,
directly following the quiet baseline period, tregitas a baseline measure and was used
as covariate in the statistical analyses (Rogerogkins, 1988). A 4x4 mixed ANOVA
showed an effect of presentation order relatedniproved performance over time
(F(4,144)=2.918, p=.023). No significant group oteraction effect was found. A
second 4x4 mixed ANOVA failed to find any signifidaeffect of performance after
sound condition (F(3,108)=.489, p=.690). No siguaifit group or interaction effects
were found.

Physiological measures

For the physiological data, a floating mean of @8asmids was computed for both the
HR and the SCL data. Figure 3 (HR) and Figure 4L{S€¢how these values as a
function of time, baseline has been subtractedefmier evaluation (not done in any
significance tests). The mean of HR and SCL dutiregrecovery period were used as
dependent variables in two 4x4 mixed ANCOVAs, wattperimental sound as within
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subject variable, presentation order as betweejesubariable, and baseline values as
covariate for increased power (Rogers, 1988).

Heart rate.
A general lowering of HR is seen 30 seconds afterdnd of the stress test for all
stimuli (Figure 3). During relaxation all particips also went below their baseline (y =
0), the mean difference being in general -5 beats baseline level.
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Figure 3. Baseline corrected HR. Floating
mean recovery for HR during nature, high
noise, ambient and low noise stimuli.

No significant effect of experimental sound wasndun HR ANCOVA (F(3,96)=.813
p=.490), but a significant interaction effect betwe experimental sound and
presentation order was found (F(9,96)=3.973, p3.00he effect was explained by
lower values in HR for Group 1 in the Ambient angnLnoise conditions compared to
the other groups. No significant between groupotfieas found.

Skin conductance level.
For SCL (Figure 4), recovery was faster during Weural sound than for the other
sounds. The Ambient and Low noise sound had thensefastest and High noise the
slowest recovery. For unknown reasons, the Higlsen@ondition had an upswing
during the last 50 seconds of the recovery.
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Figure 4. Baseline corrected SCL. Floating
mean recovery during nature, high noise,
ambient and low noise stimuli.



The main effect of experimental sound was signifiq&(3,105)=2.731, p=.048). Mean
SCL was lower for Natural sound than for the otb@unds. An interaction effect was
also found between group and sound (F(9,105)=6.85101). This was due to order
effects where early conditions had relatively lowe€L than later conditions. A

pairwise comparison showed a significant differebe¢ween natural and high noise
(p=.045), the other paired comparisons were notifsignt.

To further analyze SCL, a non-linear regressionyasmawas performed, which fitted an
exponential function (Eq. 2) to the average SCladat

y =D, +b,e™ @

where y is SCL, x is time (in s) and, I, and I3 are constants. Figure 5 shows the fitted
functions for the four experimental sounds. The ®, for natural, low noise and
ambient was > 0.99, it was slightly lower for notigh, R = 0.96. RMS-error for the
Natural, High noise, Ambient and Low noise sound wa0088, 0.017, 0.0090 and
0.0097 microS, respectively.

As a measure of the effect of the experimental dowm recovery time, the half life
recovery was calculated with the following equation

y/2-Iy
|n(ib2 ) | -
by

where y is the intercept when x=0. Each startinghtpon y was computed, this
corresponds to approximately .25 ms for all soumdsch was then divided in two and
used as input for the function. The High noise sblad the longest half life of 159.80
s, the half life of the other three were, Ambie@1B1 s, Low noise 111.38 s and
Natural 101.28 s.

X =
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Figure 5: SCL with fitted curves for the group dafi¢h constants
and halflife value (x) for each sound condition.

Figure 5 refers to group data but there were cemnaide individual differences, as
illustrated by the two individual functions in Figu6. The left panel shows data from
one a participant with a recovery patter similathe overall group, whereas the right
panel shows data from one a participant with a uweegular recovery pattern. For this
reason, it was not possible to derive parameté&mofation 2 from every participant and
then use these as dependent variables in ANCOVAse®s as the bad fit resulted in
complex numbers due to the natural logarithm.
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Figure 6: SCL during recovery and curve fit for the
nature condition for two participants.
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Discussion

The main purpose of this study was to test whefissiological stress recovery is

faster during exposure to natural sound than teenolhe main result was that SCL
reduction was faster during natural sounds thamgduroise. Half time SCL recovery

was 9.09-36.62 percent faster during the Naturahddhan during noise. The average
SCL after the Natural sound was lower than for nbeses, resulting in a significant

main effect of experimental sounds in an ANCOVAr HR, no systematic effects of

experimental sounds were found.

SCL is a measure of sympathic activation. The mesesults suggest that recovery
from such arousal is affected by the type of sodumdng recovery. These results agree
with previous findings with combined auditory angual stimulation (Hartig et al.,
2001; Maller et al., 2005; Parsons et al., 1998icblet al. 1991). They found beneficial
effects of natural environments compared to urbavirenment. These experiments
have not specifically looked at the sound environin®ften, sound level and type of
sound were confounded. For example, in Ulrich et(#091), natural sounds were
presented at lower levels than urban noises. Tésept results suggest that sound level
as such seems to be less important than type ofdsdxcause recovery during natural
sounds was faster than during noises of lower,leguaigher sound level. The effect of
sound type could be related to positive emotiongatds nature, as the natural sound
was perceived as more pleasant than the noisesré-lg. As suggested by Fredrickson
et al. (2000), positive emotions may undo negativetions evoked by a stressor. If so,
the positive emotion would be the mediator of tHieat of nature on recovery.

In the current study, no systematic effects wertmébfor HR. The changes in recovery
were much faster then for SCL. In the HR patterrdhwas a low dip at about 30
seconds that was similar for all sounds, followsgdabslowly increasing pattern that
seemed to be unrelated to type of background s@tigdre 3). This suggests that HR
recovers fast, a process that may be completedrebefny effects of the sound
environment. The lack of consistent results for slRjgests that alternative measures
should be used in future studies, for example hagetvariability which may be divided
into a sympathic and parasympathic component (Blask & Kelsey, 1990).

The present study used a specific set of experaheaunds, that affect the external
validity of the results, as other types of noise aatural sounds might give different
results. The Natural sound had a relatively highnsolevel (50 dBA) in order to be
comparable in level to typical urban traffic noisemay be expected that a natural
sound with lower sound level would improve recovéuyther, since, in general,
physiological reactivity is positively related tound level (Lusk et al., 2004). However,
the weaker effect on SCL recovery for the Ambiemirsl (40 dBA) compared to the
Natural sound (50 dBA) shows that type of sound im@ymore important than sound
level. Unlike the Natural sound, the Ambient sowmds not possible to identify as
specific sound sources. The lack of identificatimight have caused an increased
mental activity and therefore an increased SCL (Wéegt al., 1997).

The results of this experiment supports the viewarf den Berg et al. (2007), that
urban developers should not focus alone on theavideisign but should also consider
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the soundscape as an important part of a posith@uenvironment. To further advance
this area of research, cross modal studies areedeedth high control of stimulus
intensity as well as its meaning (e.g., sourcetitleation). For practical applications, it
is important to determine how modalities interactforming a positive environment,
especially in urban areas. These typically contamth positive and negative
components (e.g., pleasant natural sounds and mgndyaffic noise). Auditory
research may contribute with knowledge on how tditary system identifies positive
stimulation and how this affect is perceived aslwasl physiological reactions to the
overall environment.

Conclusion
The present results lends some support to the hgpist that physiological recovery

after stress is faster during exposure to natuahds than during exposure to noise of
lower, similar or higher sound pressure levels.
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