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Abstract

Auditory icons — or environmental sounds — have the
potential to convey information by non-verbal means
quickly and accurately. In addition, human listeners are
quick to determine many qualities of an auditory object,
such as location, distance, size, and motion, from
acoustics of the signal. An experiment tests these two
coupled assumptions in a controlled laboratory context.
Stimuli consisted of auditory icons “loaded” with
information achieved through systematic manipulation
of the acoustic parameters pitch, volume ramping, and
reverberation. Sixty adult listeners were asked to
recognize and describe four auditory icons wherein
object size, distance and direction of motion were
captured in the parameters of each 1-second sound.
Participants were accurate at recognizing and interpreting
the icons 70-80% of the time. Recognition rate was
consistently high when participants responded to one,
two or three parameters. However, recognition was
significantly poorer when in response to all four
parameters. There was a significant effect of icon type
and parameter manipulation: dog bark was the most
easily recognized icon, and the direction parameter
interpreted most accurately. Implications of the findings
for applied contexts are discussed.

1. Introduction

Auditory signals are now commonplace in complex
environments such as aviation cockpits, factories, and
power plants, particularly where the visual system is at
risk of overload [1,2,3]. The ease of recognition of
synthesized or pre-recorded speech, auditory icons or
environmental sounds, abstract sounds and alarms,
e.g., [4,5,6,7] has been investigated. Speech and
environmental sounds are effective means of
communication in conditions demanding low or high
cognitive load. By contrast, only a limited number of
abstract warning signals are able to be learned and
recalled, particularly in demanding or stressful
situations. Moreover, loud alarms mask other messages
such as speech and elicit a startle response that may
interfere with an action required urgently [8,9]

There appears to be general consensus on two
points. First, auditory icons are not subject to the
recognition limits of abstract sounds and second, the

urgency of a situation may be conveyed using abstract
auditory warnings wherein acoustic parameters such as
speed have been manipulated. The present research
builds on these two assumptions. Our aim is to
investigate the ease with which listeners with minimal
training can recognize and interpret four auditory icons
whose acoustic parameters convey identity, size,
distance and direction of motion. This basic research
informs theories of auditory cognition and provides a
conceptual framework for the development of sets of
auditory icons that maximise message transmission in
particular operational contexts.

1.1. Choosing the Most Effective Type of Auditory Signal

Operating system characteristics, such as complexity
and urgency of information being transmitted, the
number of potential warnings, concurrent task
demands, and environmental conditions, generally
dictate the type of auditory signal to be used. For
example, although speech is suitable for
communicating complex information and requires
minimal learning, its use has been cautioned against in
high workload, noisy operating systems on the grounds
that it may take a relatively long time to transmit and
is susceptible to masking in environments with a high
level of background speech and noise [10,8].

Research has highlighted significant constraints in
the design and use of abstract sounds. Alarms that
blare, beep or ring, involve an arbitrary and abstract
mapping between a signal and the event to which it
refers. A litany of weaknesses of auditory alarms has
been documented, including that they are loud and
repetitive and may mask other communication, annoy
rather than inform; do not convey the urgency of a
situation, may be too loud and elicit a startle response
that interferes with the necessary reaction, go
unrecognised 40% of the time when there are more than
seven or so different alarms, and require excessive
training and retraining [11,3,8]. Accordingly, Patterson
[8] made detailed recommendations about how to select
the frequency components of a warning sound’s spectral
profile to lessen the likelihood of masking by noise
and other warnings. He also recommended the use of
no more than four to nine warning signals. A system
with four signals and two attensons that signalled
different levels of urgency was regarded as the optimal
design — the purpose of the attenson being to inform
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