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Auditory interfaces can be powerful 
tools for human–computer interac-
tions. Electronic devices use sounds to 

convey messages ranging from mundane 
(“You’ve got mail”) to urgent (“Doors are 
closing”) to critical (“This patient is dying”). 
Although the specific sounds used have often 
been chosen based on engineering con-
straints, the importance of formally design-
ing (Rocchesso et al., 2008) and assessing 
such sounds is gaining recognition (for an 
overview of approaches, see Jeon, 2015). 
Studies of auditory interfaces often focus on 
utility – for example, that medical device 
alarms are difficult to learn (Wee & Sander-
son, 2008) and are frequently confused 
(Edworthy & Hellier, 2005). However, the 
growing field of sonic interaction design 
complements such work by exploring better 
interface design, incorporating a range of 
issues including sound classification, the effi-
cacy of information transfer between sounds 
and users, and the ways in which sounds can 
be better synthesized (Rocchesso et al., 2008).

For example, it is important to recognize 
how product sounds are situated within their 
broader context (Harrison, Tatar, & Sengers, 
2007), as users might disable unpleasant 
auditory alerts (Edworthy, 1998) even if they 
are actually informative. This is a major 
problem in the design of useful medical 
alarms, which are effective in principle yet 
continually problematic when actually 
implemented in hospital environments 
(Rayo & Moffatt-Bruce, 2015). Here, we offer 
an exploratory contribution to sonic 
interaction design focused on the aesthetic 
implications of an underresearched property 
of sound: amplitude envelope. Specifically, 
we test whether sounds with natural ampli-
tude envelopes enhance our preference for 

– and the perceived value of – products 
producing them.

Amplitude envelope in 
perception reseArch

Many studies of auditory perception use 
sounds with “flat” amplitude envelopes, 
which have abrupt onsets and offsets (see 
sidebar). Auditory research focuses dispro-
portionately on these sounds in experiments 
(Schutz & Vaisberg, 2014), making them log-
ical choices for use in auditory interfaces, 
such as supermarket checkout machines, 
touch-tone dialing systems, alarm clocks, 
and fire alarms. However, their flat shapes 
appear to trigger different processing strate-
gies than natural sounds when estimating 
duration (Vallet, Shore, & Schutz, 2014), 
integrating sight and sound (Chuen & 
Schutz, 2016; Schutz, 2009) and making 
associations (Schutz, Stefanucci, Baum, & 
Roth, 2017). These differences in processing 
might help explain why flat tones are annoy-
ing (Rayo & Moffatt-Bruce, 2015) and prob-
lematic (Phansalkar et al., 2010), as they lack 
the temporal variation common to musical 
sounds (Schutz, in press).

Sounds form part of the elusive “look and 
feel” of products that play a crucial role in 
consumer choice amid crowded retail 
markets. Sounds may also be key in increas-
ing positive experiences with products as 
assessed through user evaluations (Özcan, 
Van Egmond, & Jacobs, 2014). Here, we 
explore the role of amplitude envelope in 
product aesthetics by examining its effect on 
consumer preference. By asking participants 
to evaluate products differing only in the 
amplitude envelopes of their sounds, we 
explore the degree to which this understudied 
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Participants in this study of amplitude 
envelope indicated not only a preferred 
product but also how much more they 
would be willing to pay for it.
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property could hold important aesthetic applications. This 
holds significant implications for the design of consumer 
products, given that manipulating this property is both 
acoustically simple and comes with minimal cost.

experiment: does Amplitude envelope 
Affect consumer preference?

Cellular and touch-tone phones produce tones with flat 
envelopes to communicate information regarding dialing. As 
familiarity generally predicts judgments of liking (Berryman, 
1984; Innes, 1974), the common experience of associating 
phones with flat tones could lead to a preference for the use of 
flat sounds in auditory interfaces. On the other hand, the lack of 
ecological connection of these sounds to our natural environ-
ment (Schutz, 2016) and recent documentation of user frustra-
tion with some products using them (Rayo & Moffatt-Bruce, 
2015) suggest they can be problematic. To assess preference for 
flat and percussive sounds, here we allowed participants to 
compare the two types of tone sequences by presenting them as 
cell phone ringtones. One sequence used only flat tones, and 
the other, only percussive (naturally decaying) tones.

method

Participants. Twenty (nine female, 11 male) College of William 
and Mary undergraduates participated for course credit.

Materials. We presented participants with descriptions 
and pictures of two cell phones differing only in display 
and orientation (a green display that opened to the right 
vs. a yellow display opening to the left). The four-note tone 
sequences were taken from Schutz et al. (2017), which 
provides technical details on the sounds’ construction 
(samples can be heard at www.maplelab.net/memory). The 
percussive and flat sequences were matched on dimensions 
other than amplitude envelope.

Procedure. We told participants we were interested in 
how cell phone companies could increase their appeal to 
customers and that they would be asked to indicate which of 
the two phones they preferred after studying their features. 
Participants saw a picture and the description of the first 
phone on a piece of paper (randomized in presentation 
order). The experimenter informed participants they would 
be presented with the sound associated with a missed call 
in order to demonstrate the phone’s sound quality and then 
played either the percussive or flat sequence of tones. This 
procedure was repeated with the second cell phone. We 
counterbalanced the pairing of phone and tone sequences.

Participants indicated (a) which of the two phones they 
preferred and (b) the amount they would be willing to pay for 
each if shopping for a new phone. Finally, after hearing the 
sequences again, participants (c) rated the sequences them-
selves on a scale from 1 (absolutely detest) to 100 (adore) as 
well as which they preferred (if any). 

results And discussion

Overall phone preference. Eighty-five percent of the partici-
pants (17/20) preferred the percussive phone to the flat phone.

Estimated phone value. Participants were willing to pay $5.25 
(SD = $8.50) more for the phone with the percussive ring tone 
(M = $63.75, SD = $33.87) compared with the phone with the 
flat ring tone (M = $58.50, SD = $32.45), a significant difference, 
t(19) = 2.76, p = .012, when assessed by a paired-samples t test. 
There was no difference in willingness to pay for the percussive 
phone based on presentation order, t(9) = .51, p = .63.

Sound sequence preference. Participants rated the percussive 
ring tone (M = 55.65, SD = 17.34) as more likeable than the 
flat ring tone (M = 30.10, SD = 16.26), t(19) = 7.18, p < .001, 
d = 1.52 (Figure 1). Within-subjects ratings indicated an 
average preference of 25.6 (SD = 15.9) for percussive tones. 
When asked about sequence preference, 90% (18/20) chose 
the percussive sequences, and 10% (2/20) said they preferred 
neither. No participant preferred the flat sequences.

implicAtions

This exploratory study suggests participants preferred per-
cussive to flat sounds and that this preference may affect 

Percussive (left) and flat (right) tones. Like most natural 
sounds, the percussive tones used in this study exhibit 
decaying offsets of variable length (dropping to half 
their peak value in approximately 1/8 s), informing lis-
teners about the materials involved in their creation. In 
contrast, flat sounds used in this study (which are com-
mon in auditory research) possess abrupt offsets that 
present the perceptual system with sounds violating 
structural properties common in the environment in 
which we evolved. Figure taken from Schutz, Stefanucci, 
Baum, and Roth (2017).  © The Experimental Psychol-
ogy Society, reprinted with permission of Taylor & 
Francis Ltd, http://www.tandfonline.com on behalf of 
The Experimental Psychology Society.
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product desirability and perceived value. Specifically, after 
hearing both types of tone sequences, 90% of the participants 
preferred the percussive tones, and for 85%, this preference 
translated to a preference for the phone itself. Furthermore, 
participants indicated that they would pay 9% more for phones 
using percussive tones. Although future research is needed to 
examine the degree to which these findings generalize, the 
potential implications of these results are considerable. More-
over, our methods for assessing preference (self-report ratings 
and perceived value of the product) may contribute to ongoing 
discussion of approaches to user evaluations of product 
sounds.

In the field of human factors, much research has been done 
on the irrelevant sound effect (for reviews, see Banbury, 
Macken, Tremblay, & Jones, 2001; Beaman, 2005). In this 
effect, operators are distracted by irrelevant sounds in the 
environment when performing complex tasks. Irrelevant 
sounds disrupt the ability of working memory to maintain 
information and distract operators from their primary tasks, 
which then requires recovery from the interruption. Varia-
tions in background noise can affect a range of cognitive 
activities, such as completing homework in front of a televi-
sion (Pool, Koolstra, & van der Voort, 2003). These studies 
suggest that reducing the variability of sounds in the environ-
ment may lower the incidence of the effect. Although not 
tested, percussive tones may also lower the variability in 
environmental sounds (as compared with flat tones) given 
their natural prevalence. It would be interesting to explore 
whether more widespread use of these tones in devices could 
reduce problems with irrelevant sounds, an area of study 
germane to sonic interaction design.

Issues of why listeners prefer some sounds over others are 
gaining interest in the field of auditory perception (McDer-
mott, 2012). Curiously, although certain frequency ranges 
(Kumar, Forster, Bailey, & Griffiths, 2008), spectral roughness 
(Terhardt, 1974), and relative mix of harmonics to noise 
(Ferrand, 2002) affect preferences, our tone sequences did not 
differ on those properties. However, it is possible that the 
natural decay of percussive tones allows them to function as 
“auditory cartoons” providing the stereotypical-yet-abstract 

representations of natural sounds that are easy to process 
(Rocchesso, Bresin, & Fernstrom, 2003). Although further 
research is clearly needed to better understand the reasons for 
this preference, the prevalence of flat tones in numerous 
electronic devices means even small improvements in their 
reception could potentially hold tremendous improvements 
for user experiences with auditory interfaces.
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