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Annoyance and task performance during a single high-level
aircraft noise and multiple lower-level aircraft noises
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Objective: Measurement of noise exposure tends to focus on sound level; however, the number of noise events might also influence health and
cognition. We investigated how the distribution of noise events over time influences experiences of loudness, annoyance, and task
performance. Materials and Methods: We presented recordings of a passenger aircraft flying overhead, either as a single 15-s overflight at
80dB LeqA ;s or four 15-s overflights at 60 dB LeqA;s. Levels were chosen on the basis that an increase of 10dB doubles the perceived
loudness, thus four stimuli at 60 dB might be expected to seem as loud as a single stimulus at 80 dB. Participants performed a mental arithmetic
task during half the stimulus presentations and rated their perception of loudness and annoyance to every presentation, while pulse and skin
conductance were monitored. Results: Overall, the single 80-dB-flight stimulus was perceived as louder (F'=124.519, P < 0.001) and more
annoying (F=63.530, P < 0.001) than the four 60-dB flights. Noise did not influence task performance; however, there was an interaction
(F=36.256, P < 0.001) in that while doing the task, the four 60-dB flights were perceived as louder and more annoying than without the task,
whereas the single 80-dB stimulus was less loud and no more annoying than without the task. Physiological markers were consistent with the
intent that the task be difficult and that the single high-sound-level stimulus was more stressful for participants. Conclusion: Results showed
that, at the levels used, the higher-level stimulus influenced ratings of loudness and annoyance, even though the lower-level stimulus occurred
four times as often. Future research exploring systematically the relationship between the number and sound level of overflights and the
reactions they induce is needed.
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Key MESSAGES cumulative health effects.'"! Annoyance due to noise is an
important mediator in the relationship between noise, stress
and health;** people who are annoyed by noise experience
negative emotions, including fear and anger, accompanied by
physiological arousal, leading to negative health effects.!>*

(1) Annoyance and Loudness were greater for a single
aeroplane overflight at 80 dBA than for four
overflights at 60 dBA.

(2) Doing an engaging visual task causes the single
overflight to be less loud and the four overflights to ~ Two principal pathways have been proposed.'”! The first is
be louder than when not doing the task. the nonconscious pathway mediated by the limbic system.

(3) Sound level and the number of sound events interact

with task engagement to influence perceived loudness
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The second is the conscious pathway that triggers emotional
responses and subsequent cortical activation.™®!

Sounds Varying over Time

Despite significant reductions in the sound levels, aircraft
noise is rated as a highly annoying environmental noise
source.!”! People report being more annoyed by a given
sound level of aircraft noise exposure now than in the
past, which may reflect sensitization to noise.''*'?

A previous experiment was conducted to improve
understanding of how humans perceive and rate sounds
that vary over time.''*! The sounds of varying numbers of
aircraft overflights were presented at varying sound levels,
and participants rated loudness. Some ratings were based on
the loudest part of the exposure, while others integrated the

overall loudness of the experience.!'>"'¥!

Task Performance

Noise exposure may interfere with complex task
performance.">'®"  This includes reduced attention,

problem-solving ability and memory, as well as slower
rehearsal in memory, altered selectivity in memory and
slower rates of choice of strategy selection for performing
a task.'”'® A possible explanation is that noise captures
attention and interrupts cognitive processes. To measure this
effect, a task with a measurable outcome is needed.!"*2" The
paced auditory serial addition task (PASAT) requires
participants to perform mental arithmetic within a tight
timeframe. It assesses concentration ability, capacity, and
rate of information processing, as well as sustained and
divided attention.[**! During the PASAT, cerebral blood
flow has been shown to increase; however, the increase
was less when the PASAT was carried out in the presence
of traffic noise.**! Interestingly, exposure to noise did not
impact upon PASAT performance indices, which the authors
suggested might be a learning effect. It was also suggested
that future research into noise effects should measure
cognition using a technique based on the visual modality
rather than an auditory-modality-based assessment such as
the PASAT.>

This Research

The present research partially replicated earlier work!'*! while
also incorporating a visual parallel to the PASAT: the paced
visual serial arithmetic task (PVSAT). Like the PASAT, the
PVSAT was designed to be highly engaging and cognitively
demanding. Participants were asked to rate the loudness and
annoyance of the aircraft recordings presented to them while
performing the PVSAT and while not. Changes in skin
conductance, heart rate, and blood flow were measured as
physiological correlates of the task and exposures.

Objectives of the research were as follows:

(1) To investigate the influence of the number and level of
sounds on the perception of loudness and annoyance of
aircraft overflights.

(2) To investigate the influence of the number and level of
sounds on task performance.

(3) To help understand the mechanism underlying
Objectives 1 and 2, blood volume pulse and skin
conductance were recorded as physiological markers.

The research was thus designed as a first step in the
exploration of the relative influences of sound level and
the number of sound events on perception of annoyance
and loudness, and task performance.

MetHops
Participants

Initially, a sample of 30 participants was recruited between
August and December 2017. Of these, one was excluded due
to incomplete data. Recruitment was through posters, social
media and electronic flyers, and most of the participants were
university students or staff. Informed written consent was
obtained. Participants were instructed to avoid the
consumption of stimulants such as caffeine (4h), or
alcohol (8h), or any sympathomimetic and/or
anticholinergic drugs prior to testing. The sample size was
based on that of previous research that had shown significant
effects in a similar set of tasks.''* The research was approved
by the University of Auckland Human Participants Ethics
Committee (Ref: 18771).

Procedure
Paced Visual Serial Addition Task

The PVSAT is a visual analogue of the Paced Auditory Serial
Addition Task and has been used in previous auditory-related
experiments.”¥  The visual number presentation was
programmed and administered to the participant through
National Instruments'™ LabVIEW (v.2014). It was
presented through a 20 BackLite LCD Monitor (Dell Inc.,
USA) and adjusted so that it was at eye level and
approximately an arm’s length away from the participant.
The PVSAT consisted of a random series of numbers ranging
from one to nine presented visually one at a time. Participants
were instructed to add consecutive pairs of numbers and to
respond as quickly and accurately as possible.

Each number image was 25.4 mm high and wide, with black
numbers on a grey background. The answer buttons were
presented on a grid that ranged from 1 to 20, each 5 mm high
and 10mm wide. Participants were required to use their
dominant hand to select the correct answer using a mouse.

Initially, an adaptive tracking procedure®! was used to

individualize the response time for each participant to
perform the mental addition. A three-down, one-up
procedure with ten turnarounds was used to track the 79%
“threshold” (interdigit interval). In this task, for every three
consecutive correct responses, the time interval between digit
presentations was reduced by 10 ms, while for every incorrect
response, the time interval between digit presentations was
increased by 10 ms.
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The 79% interdigit interval, determined by the preliminary
tracking task described above, was used as a constant
response time window in the PVSAT during the
experimental sessions, ensuring a consistent level of
difficulty for each participant and over time. Participant
exposure to the PVSAT task prior to data collection also
reduced vulnerability of the experiment to learning effects. As
a result of the variability in time limits between participants,
the number of PVSAT trials carried out during each 2-min
session ranged from 24 to 55 (M =38, SD =7). Participants
were told to expect aircraft overflight noises during the
PVSAT and were encouraged to continue to perform as
accurately as they could. The scores achieved in the
PVSAT were the proportion of correct responses in each
session, with a missed response being scored as incorrect.

Noise Presentations

Participants were seated in a standard sound-attenuating
chamber.”® The dimensions of the booth were
2.2mx2.5m. Ambient noise levels were compliant with
the standard for maximum permissible ambient noise
levels in an audiometric test room.*”! RP-HT160 Stereo
Headphones (Panasonic Corporation, Japan), calibrated to
the presented sounds, were used.

A large passenger jet aeroplane in a steady overflight was
recorded with a sampling rate of 44,100 Hz, stereo channel
selection and a 16-bit depth on Audition® CC 2017 (Adobe
Inc., USA). Noise reduction techniques were applied, and
wind noise was removed from the recording, which was
trimmed to 15s. Onset and offset were smoothed using a
spline curve. The frequency spectrum and relative levels were
not altered. Peak clipping was not apparent. Spectral analysis
of the noise showed a dominance of middle frequency
components (750-1500Hz). Digital copies of this
recording were used for all presentations of the noise.

Each condition lasted 2 min, and the overflight sounds were
presented within that period, either as a single 15-s overflight
ata sound level of 80 dB Lq A 15 or four 15-s overflights at a
sound level of 60dB L4 A 5, each.

The single 80 dB L4 A overflight condition consisted of: 30 s
of silence, 15 s of aircraft overflight noise, followed by 75s of
silence.

The four 60 dB L. A overflights condition consisted of: 15 s
of aircraft overflight noise, 20s of silence, 15s of aircraft
overflight noise, 15s of silence, 15s of aircraft overflight
noise, 25s of silence, and finally 15s of aircraft overflight
noise. The silent intervals were varied to imitate the
unpredictability of consecutive aircraft overflights, separated
by a noise-free period.

The third condition was silent, with no overflights.

Each 2-min condition was presented twice, with participants
either occupied doing the PVSAT or inactive. The order

was pseudo-randomized across participants such that the
conditions with the PVSAT task alternated with the
inactive conditions, to reduce boredom. Each condition
was assigned a number from one to six for randomizing
purposes. The even-numbered conditions included the
PVSAT, while odd numbered conditions did not.
Conditions one and two had no aeroplane noise, three and
four had the four 60 dB L A overflights, and five and six had
one 80dB L.y A overflight. Pseudorandomized sequences of
these numbered conditions were made, where each had
alternating odd and even-numbered conditions, and thus
the PVSAT occurred in alternating conditions. The
presentation order was generated through an online
randomizer (Research Randomizer) for each participant.
There were, therefore, a total of six conditions, and each
was repeated three times for a total of 18 periods. For
presentation, the means across repeats of each condition
were used. A 2-min break was taken between conditions.

The sound levels and numbers of stimuli were chosen on the
basis that the unit, one sone, is the modulus of a relative scale
used to denote loudness, being the loudness experienced in
response to a 40 dB SPL tone presented at 1 kHz. On average, a
1-kHz sound at 60 dB has a loudness of 4 sones, and at 80 dB, of
16 sones. Other frequencies follow the equal-loudness contours
that are driven by the receptivity of the human auditory system.
The sound levels in the present study were set so that the overall
loudness of the four 60-dB overflights would match the
loudness of the single 80-dB overflight if participants
integrated the perceptions in a linear manner.

Rating of Loudness and Annoyance

Immediately after each overflight stimulus presentation
condition, participants provided responses on the perceived
loudness and annoyance scales. We used different rating
scales (a 9-point scale for loudness and an 11-point scale
for annoyance), in part to discourage participants from
indicating the same number for both scales without due
consideration. The 9-point loudness scale ranged from (1)
Soft to (9) Loud."* The 1 1-point numerical scale, developed
by the International Commission on the Biological Effect of
Noise (ICBEN), was used to assess annoyance; it ranged from
(0) Not at all to (10) Extremely annoyed.[zg]

Psychophysiological Measures

Participants sat with the nondominant hand placed palm down
on the table, and the elbow comfortably rested. Blood
volume, pulse, and skin conductance were simultaneously
recorded via a NeXus-10 MKII (Mind Media, The
Netherlands) integrated biofeedback and neurofeedback
multimodal system. Real-time central and peripheral
responses were recorded using BioTrace+ version 2014
Software for NeXus-10 (Mind Media, The Netherlands).

The blood volume pulse amplitude (mV) and heart rate (beats
per minute: bpm) of each participant were derived by
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photoplethysmography. The blood volume pulse sensor was
clipped on the second digit of the nondominant hand.
Participants were instructed to rest the hand in a static
position to reduce artifacts during recording.

Finger perspiration was monitored by a skin conductance
sensor (Mind Media, The Netherlands) with a resolution of
0.001 microSiemens (JLS). Two Type 1700-050Cleartrace™™
Adult ECG Ag/AgCl Electrodes (Conmed, USA) were
positioned onto the palmar surfaces of the distal phalanx
on the third and fourth digit of the nondominant hand.

Data Treatment and Analysis

The same group of participants underwent all of the
conditions and measurements. As such, repeated-measures
analyses were conducted. Mauchley’s test was used to assess
the sphericity assumption of the data, and was not significant,
implying that the distribution was satisfactory for the analysis
approach used. The loudness and annoyance ratings of the
sounds were compared using separate two-way ANOVAs
where the stimulus type (four 60-dB or one 80-dB overflight)
and the PVSAT task (present or absent) were the factors. The
psychophysiological measures (skin conductance, blood
volume, pulse amplitude, and heart rate) were measured
during the same conditions as loudness and annoyance and
were also measured during conditions where there was no
overflight stimulus presented. Separate three (stimuli) by two
(PVSAT task) repeated-measures ANOVAs were run for
each measure. Preliminary models were generated that
included age and sex; however, neither the main effects of
these variables nor interactions involving them were
observed. Their inclusion did not materially alter the main
findings either, so analyses without these variables were
presented. An exploration of the simple effects of the
interactions between task and stimulus type was conducted
using paired #-tests. SPSS Version 30 (IBM Corporation,
USA) was used for analyses.

ResuLts

Participant Characteristics

Ultimately, 29 (11 male; 18 female) adults aged 21-67 years
(M =29.4, SD = 12.2) participated in the study. The hearing
thresholds of all participants were no poorer than 25dB HL
(2508000 Hz) bilaterally.”**! Participants reported no history
of cardiovascular or neurological issues.

PVSAT Task

The mean proportion correct of answers on the PVSAT
during the no-overflight condition (proportion correct=
0.892), one 80 dB-overflight (proportion correct=0.894)
and four 60-dB overflights (proportion correct=0.890) did
not differ (F =0.127, P =0.881). The overall mean proportion
correct in the experimental sessions was 0.89, which was
greater than the mean proportion correct of 0.79 tracked
during the preliminary phase.

Loudness

Overall, participants rated the 2-min interval with the single
80dB overflight as louder than the interval with four 60-dB
overflights (F=124.519, P < 0.001; Figure 1). The rating of
the loudness depended on an interaction between the number/
sound-level of the overflights and whether or not the
participants were performing the PVSAT task (F=36.256,
P < 0.001). As can be seen in Figure 1, loudness ratings were
generally higher when performing the PVSAT task for the
four 60-dB overflights (M =4.230, SD =1.222) than when
not performing the task (M =3.839, SD=1.272). On the
other hand, loudness ratings for the 80-dB overflight
tended to be higher when participants were not performing
the task (M =6.735, SD =1.505) than when performing the
task (M =6.046, SD =1.704).

Differences between the task and no-task conditions were
significant with the four 60-dB flights stimulus (r=-2.745,
P=0.010) and the single 80-dB flight stimulus (#=3.823,
P=0.001). The flights seemed louder when doing the
PVSAT task under the four 60-dB flights stimulus, but
louder when doing no task under the single 80-dB flight
stimulus [Figure 1].

Annoyance

Results for annoyance largely paralleled those for loudness,
and the single 80 dB overflight was more annoying overall
than the four 60-dB overflights (F=63.530, P < 0.001;
Figure 2). As with loudness, annoyance depended on an
interaction between stimulus type and task (F=21.032, P
< 0.001). However, in this case, the pattern of the interaction
effect was slightly different in that the influence of the task
appeared to be less for the single 80-dB overflight [Figure 2].

ONo task EPVSAT

P<0.001

P=0.001

i

P=0.010

4
3
2
1

Single 80-dB overflight Four 60-dB overflights

Loudness rating (1-9)
v

Stimulus
Figure 1: Loudness ratings in response to the two overflight stimuli with
and without the PVSAT task. Error bars represent one standard error of
the mean.
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Figure 2: Annoyance ratings in response to the two overflight stimuli
with and without the PVSAT task. Error bars represent one standard error
of the mean.

Annoyance ratings were generally higher when performing
the PVSAT task for the four 60-dB overflights (M =4.402,
SD =1.562) than when not performing the task (M =3.369,
SD =1.818). On the other hand, annoyance ratings for the 80-
dB overflight were similar when participants were not
performing the task (M=6.103, SD=2.017) than when
performing the task (M =5.747, SD =2.092).

Differences between the task and no-task conditions were
significant with the four 60-dB flights stimulus (r =—-4.145, P
< 0.001) but not with the single 80-dB flight stimulus
(t=1.297, P=0.205). This implies that the flights were
more annoying when doing the PVSAT task under the
four 60-dB flights stimulus, but that the annoyance
induced by the single 80-dB flight stimulus was not
influenced by doing the task [Figure 2].

Psychophysiological Measures
Heart Rate

For heart rate, there was no effect of task or interaction
between task and stimulus condition, but there was a
marginal effect of the number/sound-level of overflights,
wherein the mean heart rate appeared to be slightly lower
in conditions with four 60-dB overflights (M =72.881,
SD =9.242) than in the quiet (M =73.486, SD =9.237) or
in the single 80-dB overflight (M =73.285, SD=9.385)
conditions (F=2.950, P=0.061; Figure 3).

Blood Volume Pulse Amplitude

There was a significant main effect of task whereby blood
volume pulse amplitude was generally lower when
performing the task (F=11.130, P=0.002). However,
there was also a significant interaction between the

74

73

Heartrate (BPM)

72.5

72

No flights Four 60-dB flights

Stimulus
Figure 3: Mean heart rate in beats per minute (BPM) for each of the
three types of stimulus conditions. The error bars are one standard error
of the mean difference between adjacent conditions.

One 80-dB flight

stimulus type and the presence of the task (F=4.598,
P=0.014). This appears to be driven by the mean blood
volume pulse amplitude when participants were not
performing the task; the lines appear approximately
parallel during the overflight conditions, but approach each
other more closely in the no-overflight conditions [Figure 4].
The means and standard deviations were: without flights,
with no task M =25.136, SD=13.640, and with the task
M=22940, SD=12.977.

Skin Conductance

Skin conductance was influenced by the number/sound-level
of flights (F=4.830, P=0.012; Figure 5). It was also

29
—e— No task
28 --©-- PVSAT

27

26

25

24

23 b

22 S T

Blood volume pulse amplitude (mV)

21

20
No flights Four 60-dB flights

Stimulus
Figure 4: Blood volume pulse amplitude (mV) during each stimulus
condition and when performing the task or not. The error bars represent
one standard error of the difference between the task and no-task
conditions under each stimulus condition.

One 80-dB flight
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11
—&— No task

10.5 --6-- PVSAT

10

9.5

Skin Conductance (pS)

8.5

No flights

Four 60-dB flights

One 80-dB flight

Stimulus
Figure 5: Skin conductance (j.S) during each stimulus condition and
when performing the task or not. The error bars represent one standard
error of the difference between the task and no-task conditions under
each stimulus condition.

influenced by the presence of the PVSAT task (F=16.105, P
< 0.001; Figure 5). Participants had higher skin conductance
in sessions with the single 80-dB overflight and when
performing the PVSAT task.

Discussion

The single, higher-sound-level overflight was perceived as
louder and more annoying than the four lower-sound-level
overflights. This was the case whether participants were
performing the PVSAT task or not. Doing the PVSAT task
led to the perception of the four lower-sound-level overflights
being louder and more annoying than when not performing
the task. Similarly, the single higher-sound-level overflight
was perceived as quieter (though not significantly less
annoying) when doing the task. In other words, the
difference between the single higher-sound-level and
multiple lower-sound-level overflights was reduced while
performing the task. Blood volume pulse amplitude was
lower when performing the PVSAT task than when not.
Skin conductance was greater when doing the PVSAT
task, no matter what noise condition, and was higher in
the conditions with the single, higher sound-level overflight.

Time-Varying Noise Stimuli

Part of our intent in conducting this research was to confirm
and extend earlier research by Genuit and Fiebig!'* showing
that different groups of participants adopted different
approaches to estimating the loudness of aircraft
overflights that varied over time. In almost all cases, our
participants found the single, higher-sound-level overflight to
be louder and more annoying than the four lower-sound-level
overflights. One difference between the earlier findings and

the current study was the timeframe of the sound
presentations: the previous research presented the
overflights within a 6-min timeframe, and each overflight
lasted 1min, whereas the current study used 15-s
presentations. This may have altered the experience for
participants, making the salience of the single, higher-
sound-level overflight stimulus greater in the current
research. Another possible explanation for the difference in
findings is the relative sound level of the different overflight
stimuli used in the two studies; our sound levels were
sufficiently distinct that the single, higher-sound-level
overflight was almost always experienced as the louder
and more annoying.

We had designed the experiment on the basis that a 10-dB
change in stimulus level tends to double the rated loudness (in
sones). Under that assumption, the loudness experienced
from four 60-dB overflights would be the same as the
single 80-dB overflight, since the 20-dB difference would
cause two doublings in loudness. Since almost all participants
rated the single 80-dB overflight as louder (and more
annoying); however, the implication is that our participants
did not integrate their perception of loudness across events,
but rather focused on peak loudness.

The perceived loudness and annoyance associated with single
versus many sound events must be based on either the peak
levels or an integration of energy over time."'* Jeffress™>”’
argued that the primary auditory stimulus is the displacement
of the basilar membrane, with the amplitude of displacement
transformed into a neural count. If the peak mechanism is
strictly true, then had the four overflights been presented at
the same sound level as the single overflight, they would have
been rated as having the same loudness/annoyance as the
single overflight. This seems counterintuitive.

The second possibility, that the overall sound exposure is
integrated, predicts that the four overflights would be rated
louder and more annoying than the single overflight if all
individual flights were presented at the same sound level. If
that is the case, then there must be a point at which the
loudness/annoyance functions intersect: not at the equivalent
sones as we had predicted, but at some intermediary sound
level. This suggests research in which varying the sound-level
of the multiple flights systematically would allow functions to
be traced that would describe the perceived relative loudness
and annoyance.

PVSAT Task

We set the time interval for each participant by tracking the
0.79 proportion correct with a 3-down-1-up adaptive
procedure in the preliminary phase. This provided a time
interval tailored to each participant’s ability at mental
arithmetic, but the overall proportion correct during the
main experiment was 0.89. This may imply that
participants continued to learn, or that when the response
interval became stable in the main experiment, participants
found the task easier. We do not believe this discrepancy
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impacted the findings because the PVSAT still provided an
engaging task for the participants during exposure to noise.

The proportion correct on the PVSAT did not vary between
the silent condition and the two different overflight
conditions. This implies that the differences in perceived
loudness and annoyance do not influence the ability to
perform an engaging cognitive task. The finding is in line
with previous research that used an auditory version of the
task.!”*! Since the task was presented via the visual modality
in the current study, this rules out possible explanations due to
auditory masking effects.

Psychophysiological Measures

Heart rate did not vary significantly, but was marginally
lower during the four 60-dB overflights than in the other
conditions. We assume this was simply natural variation, as
strict adherence to the statistical significance levels would
imply.

Blood volume pulse amplitude was lower when conducting
the PVSAT task, a finding that is in keeping with the intent
that the task would be difficult and stressful for participants.
There was significant variation according to the overflight
stimulus, but the interaction appeared to be driven mostly by a
low blood volume pulse amplitude during the silent condition
when not performing the task. Again, this may represent
random variability.

Skin conductance was higher when performing the PVSAT
task, which again supports the idea that the task was difficult
for participants. Whether doing the task or not, skin
conductance was greater during conditions with the single
80-dB overflight than in either the silent condition or the
condition with the four 60-dB overflights. This finding aligns
well with the perceived loudness and annoyance of the
overflight conditions. It is interesting that the skin
conductance during the four 60-dB overflight conditions
was no greater than in the silent conditions, given that the
sound was rated as being loud and annoying, even though it
was less than in the single 80-dB overflight conditions.

Influence of a Task on Perceptions of Loudness and
Annoyance

The presence, sound level, and number of overflights did not
influence the PVSAT score. However, performing the
PVSAT influenced the rated loudness and annoyance of
the overflight sounds: during the task, the multiple, lower-
sound-level sounds were perceived as louder and more
annoying, while the single, higher-sound-level overflight
was perceived as less loud than when not performing the
task. Combined with the finding that the single high-sound-
level stimulus was consistently rated as louder and more
annoying than the stimulus with multiple lower-sound-level
overflights, there is a possible explanation. Since lower-
sound-level flights were generally less annoying than
higher-sound-level flights, it may be that each flight was
distracting from the task, and so each flight provided an

opportunity to get distracted. Performance did not deteriorate
during the overflight situations, but perhaps participants were
only able to overcome the distraction with effort. It is possible
that this effort was annoying, hence the increased ratings of
loudness and annoyance during the task for the multiple-flight
stimulus.

But why did the perceived loudness of the single, higher-
sound-level overflight decrease when doing the task? One
difference between the stimuli was that the final overflight of
the four lower-sound-level overflights stimulus finished right
at the end of the experimental session and so immediately
prior to the annoyance and loudness ratings, whereas the
single overflight finished 75 s before the end of the session.
This longer time interval may have reduced the salience for
participants when performing the engaging task more than
when they were inactive. This may have allowed them to put
the perception of the overflight out of their minds.

Recommendations and Limitations

The findings suggest that, for this particular comparison, the
maximum sound level was more salient than the overall sound
exposure, implying that the integration of multiple events is
less important to listeners than the peak sound level. We have
reported on laboratory presentations of recorded overflights
presented against a background of silence, so the experience
of people in the real world may differ. While we
pseudorandomized the order of presentation of the
conditions, and conditions with and without the PVSAT
task were alternated, we did not record the specific order
of conditions for each participant, meaning that it was not
possible to investigate order effects. Furthermore, the
participants in this research tended to be highly educated
and varied in age, which may have influenced performance on
the PVSAT task and potentially contributed to the findings of
annoyance. Results should therefore be treated with caution,
given the small sample size and the lack of controls outlined
above.This research suggests several directions for future
work: first, since the sound levels differed by such a large
amount (20dB), the finding that the single higher-level
condition was louder may seem unsurprising. Future
research should explore the functions relating sound level
and number of events to perceived loudness/annoyance, and
investigate where the functions cross. Another area that
would be interesting to explore is the role of noise
sensitivity in these associations; potentially, noise
sensitivity may be associated with a different pattern of
responses. We had originally intended to include a
measure of noise sensitivity in this research; however, in
preliminary research, we discovered that noise sensitivity is a
more complicated phenomenon than we had supposed.”*"
More research into noise sensitivity is ongoing'**!, and this
may ultimately provide a suitable measure.

ConcLusIoN

In summary, a single overflight at 80dBL.y A;ss was
perceived as louder and more annoying than were four
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overflights each presented at 60 dB L4 A ;5. Future research
may explore and map the relative roles of sound level and the
number of events to describe the function relating these two
contributors to noise annoyance. The loudness and annoyance
of the two stimuli were more similar when participants were
engaged in a task. That the multiple-flights stimulus was
louder and more annoying when trying to concentrate on a
task is intuitive and may explain this. Physiological findings
support the idea that the PVSAT task was highly engaging
and that the single higher-sound-level stimulus caused greater
stress in participants. Overall, this research supports the idea
that the peak sound level is more salient to people than the
number of noise events under the specific conditions used
here; however, research should explore this further to enable
more general comments to be made.
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