DO Urban Soundscapes Influence Visual Attention?
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1. INTRODUCTION

Attention is vital to the survival of all organisms. Regardless
of size or strength, every organism must adaptively shift its
attention in order to survive. Research by Easterbrook
(1959) highlights the importance of arousal as a determinant
for alternating between broad based, and locally based
visual attention. His hypothesis states that increases in
arousal lead to attentional selectivity, which in turn supports
appropriate responding. However, the modem city often
provides a cacophonous auditory environment saturated
with opportunities for attentional selectivity, and hence
distraction. In the current investigation we use an
empirically validated behavioural measure to assess whether
urban soundscapes have an influence on visual attention.

1.1. Soundscapes effects: Short-term and Long-term

The urban soundscape has been identified as a source of
deleterious effects on human health and performance. In
particular, aversive soundscape exposure over the short term
has been linked to increases in heart rate (Raggam et al.
2006) and delayed stress recovery following the offset of an
accute stressor (Ulrich et al. 1991).

The effect of long-term exposure to aversive soundscapes
has also been assessed empirically. Shield and Dockrell
(2008) demonstrated that exposure to aversive soundscapes
in the classroom can be detrimental to school performance.
In addition, long-term exposure to aversive soundscapes has
been linked to a plethora of health problems including, but
not limited to: cardiovascular health, sleep disturbances,
hypertension, and hearing loss (Aydin & Kaltenbach 2007;
Basrur, 2001). Taken together, these results suggest that
soundscapes can influence auditory and non-auditory
processes.

1.2. Purpose and Hypothesis

The purpose of this study was to determine whether
soundscapes influence visual attention. Motivated by
previous research on the subject of attentional fluctuations
as mediated by affect and arousal levels (Gable and
Harmon-Jones, 2010), we hypothesized that soundscapes
would influence the focus of attention, and that the effect
would vary with type of exposure.
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2. METHOD
2.1 Participants

68 undergraduate students at Ryerson University (53
females) were recruited for participation. The average age of
participants was 21 years (SD=6.10). Participants were
randomly assigned to one of three exposure conditions:
concurrent, prolonged, and brief. Participants in the
concurrent condition (n=14) heard the soundscapes
continuously, making a visual judgment while the
soundscape played. Participants in the prolonged condition
(n=19) heard the soundscapes for forty-five seconds,
followed by a visual judgment. Participants in the brief
condition (n=35) heard the soundscapes for fifteen seconds,
followed by a visualjudgment.

2.2 Procedure

Thirty two-minute soundscapes were recorded binaurally to a
TAS-DR-1 Tascam Portable Solid State Digital Audio
Recorder using SP-BMC-20 Audio Technica subminiature
omnidirectional microphones (with windscreens) clipped above
each ear. Sound pressure levels were also recorded
simultaneously using an Extech 407768 sound level meter with
dB(A) weighing. All soundscapes used in this study as well as
data about accompanying sound levels are available as part of
the torontosoundmap.com.

The main study was conducted in a double-walled IAC sound
attenuated chamber. A Mac MINI computer presented auditory
stimuli over SONY MDRXD200 circumaural headphones.
Visual stimuli were presented using an ACER X243w
computer screen situated 35 cm away from the participant.
After hearing one of thirty soundscapes, the participant was
asked to make a visual discrimination on global or local
features of a Navon stimulus (1977). A Navon stimulus is a
large letter made up of smaller letters. For example, a large “H”
composed of small “T”s. In a global trial involving this
example, participants might be asked to respond “H” or P” (in
this case H is correct). In contrast, for a local trial involving
this example, participants might be asked to respond “O” or
“T” (in this case T is correct). While accuracy rates tend to be
near ceiling, the reaction times are indicative of the
participant’s focus of visual attention.

2.3. Subjective and Acoustic Analysis

Using likert-scales, participants provided subjective appraisals
of each soundscape. These appraisals included valence
(pleasant/unpleasant), arousal (calm/excited), stress (not at all /
extremely). In addition, participants indicated the maximum
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exposure (in minutes) they could tolerate each soundscape.
Objective analyses of soundscapes were conducted using
MIRtoolbox, a freely available MATLAB toolbox, which
supports extraction of low and mid-level acoustic features from
audio recordings (Lartillot and Toivianinen, 2007). The most
predictive feature derived from this analysis was spectral
irregularity (1), defined as amplitude variation throughout the
successive peaks of the spectrum (Jensen, 1999):
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3. RESULTS AND DISCUSSION

For each participant, a local bias estimate was determined
for each soundscape by subtracting global from local
reaction time (RT). Local bias estimates were subjected to a
3-way analysis of variance (acute, prolonged, or
concurrent). There was a main effect of soundscape, F (29,
1885) = 2.1, p < .001, which suggests that the influence of
the soundscapes assessed was variable. Mean RTs for local
and global targets (collapsed across exposure types) are
plottedin Figure 1

The main effect of exposure type and its interaction with
soundscape were not significant, which suggests that
soundscapes tend to have an immediate influence over
visual attention.

To better understand the main effect of soundscape we
correlated average local bias estimates (drawn from the
prolonged exposure group) with subjective appraisals and
acoustic features. Although none of the correlations
involving acoustic features was significant, local bias
estimates were significantly correlated with subjective
variables. Increases in spectral irregularity were correlated
with increases in stress, decreases in valence, and decreases
in maximum exposure judged to be tolerable. Future work
will incorporate physiological measures to better understand
the subjective findings reported here. Our motivation for
this ongoing program of research is to inform an emerging
dialogue between urban planners, architects, and
acousticians, concerning the sound quality of our cities.
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