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Purpose: The goal of this study was to establish the
perceptual underpinnings of the terms that are commonly
used by patients when describing the quality of their
tinnitus.
Method: Using a free-classification method, 15 subjects
with normal hearing placed 60 different tinnitus-like sounds
into similarity clusters on a grid. Multidimensional scaling,
hierarchical clustering, and acoustic analyses were used
to determine the acoustic underpinnings of the perceptual
dimensions and perceptual similarity.
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Results: Multidimensional scaling revealed three different
perceptual dimensions (pitch, modulation depth + spectral
elements, and envelope rate). Hierarchical clustering revealed
five explicit similarity clusters: tonal, steady noise, pulsatile, low-
frequency fluctuating noise, and high-frequency fluctuating.
Conclusions: Results are consistent with tinnitus perceptions
falling into a small set of categories that can be characterized
by their acoustics. As a result, there is the potential to
develop different tools to assess tinnitus using a variety of
different sounds.
T innitus is one of the few auditory disorders for which
there is no adopted standard to measure its percep-
tion, despite consensus in the research community

that standardized procedures should be used worldwide for
tinnitus assessment (cf., Landgrebe et al., 2012, Langguth
et al., 2007, Tyler, 1985). Measuring tinnitus pitch and
loudness of tinnitus is ongoing (e.g., Henry & Manning,
2019; McMillan et al., 2014; Noreña et al., 2002; Roberts
et al., 2008; Tyler & Stouffer, 1989), but less effort has
been directed toward determining the quality of the tinni-
tus, or what the tinnitus “sounds like.” Current assessment
involves a case history in which a patient describes tinnitus
using words; however, these words are nonspecific and do
not evoke robust acoustic descriptions. We suggest that
measuring tinnitus quality would greatly improve assess-
ment. Here, we present initial steps toward developing a
procedure to measure tinnitus quality by establishing the
perceptual dimensions that underlie the commonly used
descriptors of tinnitus. The primary goal is to determine
whether acoustic descriptions can be used to characterize
the different perceptions of tinnitus.

Commonly, the case history provides patients with a
closed set of terms to be used to describe their tinnitus. For
example, Meikle et al. (2004) analyzed data from 1,625 pa-
tients who were given 16 different terms with which to de-
scribe their tinnitus. Their analysis showed that ringing,
hissing, clear tone, high-tension wire, and buzzing were
most commonly selected. Similarly, Stouffer and Tyler (1990)
found that patients commonly used the terms ringing,
buzzing, crickets, hissing, and whistling. While these terms
imply perceptual similarities to tones and noises, they also
suggest attributes other than just pitch or loudness.

There are numerous reasons to suggest that using
words to describe tinnitus is inadequate. Goodhill (1952)
suggested that a patient’s familiarity with musical terms
impacted the ability to describe their tinnitus. Furthermore,
words are open to interpretation and rely on high-level se-
mantic features that vary across people (Gustavino, 2007).
While it is common for humans to reference perceptions to
objects or events, an individual’s experience can influence
the terms used to describe tinnitus (Searchfield, 2014;
Tyler et al., 2008). As a result, patients may use different
words to describe the same tinnitus perception, or vice versa.
In other cases, patients may not have sufficient access to
the language needed to describe their tinnitus perception
(e.g., aphasia or nonnative speakers). Tyler et al. (2008)
emphasized the importance of an accurate description of
tinnitus quality as different tinnitus subgroups may re-
quire different treatments. Generally, both clinical and
research methods include a quick measurement of tinnitus
quality in which a participant selects among a pure tone
and one or two narrow bands of noise to match his tinni-
tus. While this procedure allows an easily interpretable
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measurement, it neglects the complex perceptions often re-
ported by patients.

One way to improve the characterization of tinnitus
is to use sounds, rather than words, such as that done by
Goodhill (1952) who allowed patients to select a sound that
best-matched their tinnitus from 27 different sounds. Using
Goodhill’s work as a framework, we suggest that an alter-
nate method for characterizing tinnitus using sounds should
tap into the relevant perceptual dimensions of tinnitus, but
not be restricted to tones and noises. As a first step toward
this goal, this research note describes our effort to deter-
mine the underlying perceptual dimensions of the possible
characteristics of tinnitus and to determine whether sounds
based on tinnitus descriptors fall into groups based on their
similarity. Results from these two approaches can ultimately
guide a development of a set of sounds that could be used
in a tinnitus assessment. For example, patients could select
among various sets of sounds (with similar perceptual charac-
teristics) to select the set that best characterizes their tinni-
tus. The acoustics of that set could then inform audiologists
of potential etiology or treatment of tinnitus.

This study extends the work of Lentz and He (2013),
who conducted a limited assessment of the perceptual di-
mensions (using listeners with normal hearing) of sounds
based on tinnitus descriptors using multidimensional scaling
(MDS). Participants listened to sounds derived from terms
commonly used to describe tinnitus and grouped the sound
tokens into clusters based on their similarity using a free
classification approach developed by Imai and Garner (1965).
A similarity matrix was generated by treating sounds in
the same cluster as similar to each other, whereas sounds
in separate clusters were considered dissimilar. In contrast
to Lentz and He, here we applied MDS coupled with acous-
tic analyses to determine the different perceptual dimensions
of these sounds. We also used hierarchical clustering analy-
sis with acoustic analyses to establish which acoustic param-
eters led sounds to be perceived as similar to each other. A
similar approach has been used to determine the perceptual
dimensions underlying various aspects of speech perception
by both native and nonnative speakers of English (see
Atagi & Bent, 2016; Bradlow et al., 2010; Clopper & Pisoni,
2007), and for characterizing dysarthric speech (Lansford
et al., 2014). Combined, these approaches will allow us to
achieve the primary goals of this study, which are to deter-
mine the perceptual dimensions that underlie the terminology
used to describe tinnitus and to determine the acoustic char-
acteristics of sounds with similar perceptions.
Method
Stimuli

Sixty unique sounds were chosen as being representa-
tive of the major terms used to describe tinnitus (such as
buzzing, ringing, whistling, tonal, crickets, roaring etc.; see
Meikle et al., 2004, for additional terms). These sounds
were chosen to reflect the descriptive terms without mak-
ing major assumptions about the acoustics. For example,
L

buzzing sounds were bees, transformers, and a chain saw,
whereas whistles were sport whistles and a tea kettle. Thirty-
seven environmental sound tokens in .wav format were
obtained from The General Series 6000 Sound Library
(Hollywood Edge and Sound FX), and .mp3 files of four
different cricket species were selected from the Singing In-
sects of North America database (Walker & Cooper, 2019).
The duration of stimuli varied from 1.24 to 9.11 s and the
average duration was 4.23 s. Because tones and noise bands
are commonly used in clinical assessment, we also used
19 synthesized sounds (5 s in duration). These sounds were
pure tones of different frequencies, complex tones with var-
ious frequencies and amplitude spectra, and noise bands
with different bandwidths and center frequencies. All stim-
uli were normalized to the same root-mean-square (RMS)
pressure and were presented to subjects using 150-ms raised
cosine on/off ramps.

During the experiment, sounds were presented to
subjects at an overall level of about 60 dB SPL using a 24-
bit Card Deluxe sound card at a sampling rate of 44.1 kHz.
The signal was routed through a Tucker-Davis Technolo-
gies headphone buffer (HB5) and a programmable attenua-
tor (PA4) to a single earphone of a Sennheiser HD250 II
Linear headset to the right ear.

Subjects and Procedure
Fifteen subjects, 12 female, aged from 22 to 26 years,

participated in this study. Three subjects were African
American, and one was Asian and a nonnative speaker
of English. All others were Caucasian. All subjects had
audiometric hearing thresholds of 15 dB HL or better at
standard audiometric frequencies (American National
Standards Institute, 2010). Subjects sat in front of a com-
puter monitor with a set of 60 numbered icons, each repre-
senting one unique sound token, on the left of the screen.
On the right of the screen, a 20 × 20 empty grid was visi-
ble. Subjects listened to the sounds by clicking each box
and placed similar sounds into clusters by dropping each
box onto the grid. Subjects could create as many clusters
as desired and place as many or as few sounds into the
clusters. Subjects were allowed to listen to the audio clips
repeatedly and were under no time constraints. Two sub-
jects generated two large clusters and completed the ex-
periment again after being given an example grid, which
illustrated unnumbered boxes in groups of various sizes.
This was done as we assumed, a priori, that these sounds
had multiple perceptual dimensions, rather than just two.

Analysis
A 60 × 60 similarity matrix was derived for each sub-

ject by assigning a score of 1 to sound pairs in the same
cluster and a score of 0 to sound pairs in different clus-
ters. Then, the grids across the 15 subjects were summed
to generate a global similarity matrix. MDS was applied
to this matrix using an individual differences scaling
method and a standard Euclidean model within SPSS.
entz & He: Perceptual Dimensions of Tinnitus-Like Sounds 3561



Hierarchical clustering was also conducted in an attempt
to quantify what sounds have similar perceptual character-
istics. This procedure used the average between-groups
linkage with a squared Euclidean distance metric. As de-
scribed in subsequent sections, acoustic analyses are used
to inform the nature of the MDS dimensions and clusters.

To determine which acoustic parameters best pre-
dicted the perceptual dimensions revealed by MDS and the
hierarchical clustering, a variety of acoustic analyses were
conducted on all 60 stimuli. These 48 measures were based
on those used by Gygi et al. (2007) and included spectral
measures (RMS pressure, loudness, pitch measures, and
spectral moments), temporal measures (duration, crest
factor, numbers and size of peaks and bursts, roughness,
autocorrelation, and modulation depth in different frequency
bands and at different rates), and spectrotemporal measures
that included spectral movement and cross-band envelope
correlation. Loudness and pitch were both estimated using
models (loudness: Genesis Acoustics, 2010; pitch: Das
et al., 2017). In order to determine the nature of the percep-
tual dimensions, we conducted a stepwise regression on
each of the three dimensions using the acoustic variables
as predictors.
Results
MDS

The three-dimensional MDS solution was selected
due to a break in the function relating stress to dimension
number occurring between two and three dimensions (stress
=.07; RSQ =.98). Across all subjects, Dimension 1 (D1) was
weighted slightly higher (.39) than D2 (.30) or D3 (0.29),
and weirdness (the amount of deviation from the mean) for
each subject ranged between .02 and 1.0. Four subjects had
weirdness above .3; three heavily weighted D1 and one only
weighted D2. Admittedly, the sample size is not quite large
enough to make any significant conclusions about these dif-
ferences, but it is notable that two of those subjects were
African American women and the other two were men. This
result provides some support for our contention that an in-
dividual’s background might influence how they categorize
and classify sounds.

Figure 1 illustrates the MDS solution for D2 versus
D1, whereas Figure 2 illustrates D3 versus D1. In Figure 1,
we observe a cluster of ocean sounds and noises at the low
end of D1 and tones, insects, and electrical sounds at the
high end of D1. This visual inspection suggests that D1 may
be a pitch strength dimension. For D2, clicking/pulsating
sounds appear at the negative side of the dimension, whereas
sounds with flatter envelopes are at the positive side (pure
tones and electrical noises). Consequently, D2 may be re-
lated to the amount of perceived fluctuation within a sound.
Figure 2 shows that the negative end of D3 contains tones
and narrowband noises, whereas the positive end contains
electrical noises and broadband noises. Perhaps this dimen-
sion has something to do with the rate of periodicity in
3562 Journal of Speech, Language, and Hearing Research • Vol. 63 •
sounds (e.g., electrical noises have slow fluctuations, whereas
tones have fast fluctuations).

Acoustic Analysis and Regression
The stepwise regression generally confirms our initial

visual observations of the various dimensions. However,
the regression provides a more complex and rich picture of
the nature of these dimensions. For D1, the correlation co-
efficient (r) was .61 with three acoustic variables: the maxi-
mum envelope correlation across frequency, duration, and
mean envelope correlation across frequency. Generally
speaking, the dependence on envelope correlation across
frequency suggests that D1 is mostly a pitch strength dimen-
sion, separating sounds with high pitch strength (tonal) from
those with low pitch strength (noisy). We note, however,
duration also unfortunately predicts this dimension, which
may be due to the synthesized sounds (many of which were
tonal or narrowband noise) all having the same duration.
This somewhat complicates the interpretation of this dimen-
sion being related to sound quality, although adding dura-
tion to the regression only increased the r value from .52
to .57.

The eight predictor variables for D2 are modulation
depth at 2 kHz, mean pitch salience, modulation depth at
500 and 62.5 Hz, crest factor, the standard deviation of the
spectral centroid, the standard deviation of centroid veloc-
ity, and the number of autocorrelation peaks (r = .92).
Collectively, these parameters suggest a perceptual dimen-
sion that is mostly a temporal dimension that is related to
the degree of modulation present in the stimulus but influ-
enced also by spectral–temporal elements. The regression
also identified three acoustic variables as predictors of D3
(r = .89): mean size of envelope peaks (a measure of peri-
odicity in the stimulus), roughness, and modulation depth
at 125 Hz. This dimension also appears to be a temporal
dimension but is different from D2 in that it is more re-
lated to the rate of modulation in sounds than the modula-
tion depth.

Hierarchical Clustering
To provide further insight, we conducted a hierarchi-

cal clustering analysis. This analysis uses the similarity data
and mathematically determines which sounds are most
similar to each other. Figure 3 plots the tree resulting from
the full hierarchical clustering analysis. This hierarchical
clustering resulted in two major branches (a tonal and non-
tonal branch) and five distinct clusters. In order to further
our understanding of the nature of these clusters, we also
explored the acoustic measures that were common to each
of the clusters. In this acoustic analysis, we calculated the
means of all acoustic measures for the five clusters and cal-
culated a z score representing the mean for each cluster on
the acoustic dimensions. We then used the z score to deter-
mine which acoustic measures characterized each cluster.
This analysis allowed us to label the clusters on the basis
of their acoustics.
3560–3566 • October 2020



Figure 1. The multidimensional scaling solution is shown, with Dimension 1 plotted against Dimension 2. Individual sounds are shown by
descriptive names. Narrow band noises are specified by their bandwidth (either 100 Hz or 1 octave) and center frequency in hertz. Pure tones
are specified as sin and the frequency in hertz.
The hierarchical clustering of Figure 3 illustrates two
major branches. One of those branches terminates in a sin-
gle cluster that exclusively contains all of the tonal sounds,
both pure tones and the multitone sounds. This tonal sound
cluster is characterized by high pitch and autocorrelation
measures (e.g., strong pitch and tonality) and low modula-
tion depth measures (e.g., steady, unmodulated sounds).

The other major branch of the hierarchical clustering
tree includes all nontonal sounds, which are the environ-
mental sounds and the noises. One of its branches results
in a single cluster, which contains water sounds and broad-
band noises. This cluster tends to have low and weak pitch
measures (low-frequency RMS, pitch measures, and cross-
correlation). These sounds also have some, but not ex-
treme, temporal variation (burst duration, roughness, and
number of envelope peaks). Consequently, we consider this
cluster to be the steady noise cluster.

The other side of the nontonal branch breaks into
three clusters: One cluster contains some of the insect sounds
and the high-frequency narrow bands of noises; these sounds
tend to have a high number of bursts, some modulation in
the high-frequency channels, high pitches, and high-envelope
cross-correlation. We propose that this cluster is a high-
frequency (hf) fluctuating sound cluster. Another contains
sounds from man-made sources (transformer and electri-
cal noises, a lawn mower and a chain saw) and a limited set
of insect sounds (bees and one of the cricket sounds). These
L

sounds do not stand out in terms of their statistics with re-
spect to the full set of sounds. While they are essentially
characterized by being near the mean of all the sounds, they
have moderate levels of roughness, low-frequency energy
and low and weak pitches. Consequently, we label this clus-
ter as low-frequency (lf) fluctuating noise. The last cluster
contains broadband sounds that have high crest factors and
high degrees of modulation. Thus, this is the pulsatile sound
cluster. Given the characteristics of these clusters, the cate-
gories generally reflect the quality of the sound rather than
some other dimension (such as loudness, pitch, or duration).
Discussion
The purpose of this study was to determine the acous-

tic correlates that underlie the perception dimensions of
sounds based on tinnitus descriptions. By examining the
similarity of sounds used to describe tinnitus, we see that
three perceptual dimensions underlie these sounds and
that five different types of sounds (clusters) can be used
to capture the perception of these sounds. Notably, the
MDS solution has converged on the quality of these sounds,
rather than the pitch or the loudness. Perhaps more relevant
to the goal of developing a test to measure tinnitus are the
hierarchical clustering results, which suggested that these
sounds could be grouped into five categories: tones, steady
entz & He: Perceptual Dimensions of Tinnitus-Like Sounds 3563



Figure 2. The multidimensional scaling solution is shown, with Dimension 1 plotted against Dimension 3. The same descriptive names as those
plotted in Figure 1 are used.
noises, low-frequency fluctuating noise, high-frequency
fluctuating, and pulsatile sounds.

We first compare our results with those of Gygi et al.
(2007), who measured the perceptual dimensions underlying
environmental sounds. Although their experiment used a
larger set of sounds than here and they applied traditional
MDS to pairwise similarity judgments in a small set of
subjects, they also established three perceptual dimensions
that are rather similar to the dimensions uncovered in our
data set. As described in Gygi et al. (2007), their D1 was re-
lated to pitch strength, D2 was related to envelope structure,
and D3 was related to spectral–temporal complexity. In
general, these dimensions have similarity to those in this
study, although the dimensions here have different impor-
tance (D1: pitch strength, D2: degree of fluctuations and
spectral elements, D3: rate of fluctuations). Notably, our
MDS analysis provided some insight into the relative weights
of the different dimensions, and D2 and D3 were extremely
similar in their weights.

The similarity between these two studies (one using
tinnitus-like sounds and the other using a large set of envi-
ronmental sounds) may seem surprising. Yet, the environ-
mental sounds used in Gygi et al.’s (2007) study have a lot
in common with the sounds used here, of which many were
environmental sounds. Second, people must use their experi-
ence with sounds in the environment to describe their tinnitus
perception. In some ways, it is reassuring that the current
3564 Journal of Speech, Language, and Hearing Research • Vol. 63 •
results are so similar to those of Gygi et al., given the dif-
ferences in methodology.

We also see some similarities in the hierarchical clus-
tering between the two studies, but there are some obvious
differences. While Gygi et al. (2007) found a major divi-
sion between harmonic and inharmonic sounds, the major
division here was between tones (which were all notably
also all synthesized) and all other sounds. In both studies,
sounds with strong periodicity or modulation generally
occurred in separate clusters from those with more noisy
characteristics. Clicking or periodic sounds fell into sepa-
rate subclusters from the noisy broadband sounds.

Comparing these findings with the work of Pan et al.
(2009) also yields some interesting observations (see also
Tyler et al., 2008). In Pan et al.’s analysis, patients’ de-
scription of tinnitus were grouped into five distinct cate-
gories: cricket-like, noise-like (e.g., buzzing, roaring, and
whooshing), tone-like (hissing, musical note, ringing and
clicking), other (including pulsing), and unknown. Two of
these categories are very similar between the studies: the
tonal and steady noise categories, categories that are also
used to measure tinnitus quality in both clinical assessment
and in the “Tinnitus Tester” developed by Roberts et al.
(2008).

The other three categories identified here and by Pan
et al. (2009) are also somewhat parsimonious. First, Pan
et al. identified a “cricket-like” cluster, potentially similar
3560–3566 • October 2020



Figure 3. Results of hierarchical clustering, shown in a branching
tree format. Two major branches (tonal and nontonal) and five
clusters (steady noise, pulsatile, low-frequency [ lf] fluctuating noise,
high-frequency [hf] fluctuating, and tonal) are labeled.
to our high-frequency fluctuating cluster, which contained
three of the four cricket sounds. Second, Pan et al. also
identified an “other” cluster, which included pulsing tinni-
tus. This cluster may be similar to our pulsatile (clicking)
cluster. On the other hand, the hierarchical clustering iden-
tified a fifth cluster (the low-frequency fluctuating noise
cluster), which does not align with any of those estimated
by Pan et al. Rather, Pan et al.’s fifth category was “un-
known.” Despite some of these differences, our results do
fit reasonably well with the analysis of Pan et al.

In conjunction with Pan et al. (2009), the results of
this study imply that case histories that use more than five
or six different terms are likely providing too many options
to their patients. Some of the terms may be ambiguous to
the patient and have a very different meaning to patients
and audiologists. Other terms may be redundant with one
another, such as “buzzing” and “humming.” Given that
there is no standard selection of terms used across clinics
for tinnitus descriptions, clinics should be advised that until
better tools are available, great care be taken when selecting
L

the terms available to patients when describing their tinni-
tus. In light of the results of this study, we could speculate
that terms based on the clustering analysis might be more
appropriate for the closed set of words. Because it is com-
monly assumed that patients lack a deep understanding
of the word frequency, replacing it with the word pitch
would lead to the terms of (a) tone-like; (b) noise-like and
steady (like static noise); (c) cricket-like; (d) low-pitched,
noise-like, and fluctuating (like transformers or bees); and
(e) pulsating.

As the field works toward better tools to assess and
diagnose tinnitus, some groups have taken steps toward
improving the case history questionnaire. For example, the
tinnitus case history questionnaire developed by the Tinni-
tus Research Initiative (tinnitusresearch.net) contains di-
rected questions about tinnitus and uses a small set of
descriptors. In this case history, patients are first asked
whether the tinnitus seems to pulsate. An open-ended
question then asks patients to describe their tinnitus in
their own words, with a follow-up closed-set question with
the options of tone, noise, crickets, or other. However,
this case history, as with the case histories commonly
used in many clinics, still relies on words to describe tinni-
tus. While using a very small set of descriptors may help
to disambiguate the terms, this case history may not
allow patients with language difficulties to appropriately
describe their tinnitus. Additional work is needed to estab-
lish whether a sound-based measurement approach
would provide better descriptions of tinnitus than verbal
descriptors.

Finally, one must remain cautious about interpreting
these data as being truly reflective of the perception of tin-
nitus. First, we should consider that the dimensions and
clusters established here may not capture all of the unique
perceptual aspects of these sounds. Second, by using sounds
representative of the words to describe tinnitus, we may
have missed a variety of descriptors or we may have used
sounds that are not similar to tinnitus at all. Indeed, tin-
nitus patients often find that words provided to them are
not sufficient descriptors (cf., Meikle et al., 2004). While
one possible explanation for their result is that the words
are inadequate to describe tinnitus, tinnitus may be asso-
ciated with its own unique perception with no acoustic
analogue.

Ultimately, these results could be used in a clinical
assessment of tinnitus, particularly as we work to home
in on a set of sounds (or words) with an unambiguous
acoustic description. Perhaps patients could listen to
groups of sounds from these acoustic categories and in-
dicate which group of sounds best represents their tinni-
tus. Then, once the quality or type of the tinnitus is known,
further tests such as assessment of tinnitus pitch and tin-
nitus loudness could be completed. As with current tinni-
tus assessment, the categories established by this type of
technique could also provide the audiologist with infor-
mation for open-ended questions that are helpful for counsel-
ing and for selection of tinnitus treatment (Tyler & Baker,
1983).
entz & He: Perceptual Dimensions of Tinnitus-Like Sounds 3565
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Summary and Conclusions
This study adopted a free classification technique to

determine the perceptual dimensions and clusters of sounds
based on the descriptors of tinnitus. The results demon-
strated that the perceptual dimensions underlying tinnitus
are similar to those underlying environmental sounds. The
clustering analysis indicated that five clusters captured the
perception of sounds based on the words used to describe
tinnitus: tonal, noise, pulsatile, low-frequency fluctuating
noise, and high-frequency fluctuating. Through this work, we
have been able to establish a set of acoustic variables on
which a set of sounds might be developed in a tool to mea-
sure the perception of tinnitus. Further work testing patients
with hearing loss and tinnitus is needed to establish whether
these dimensions vary in people with hearing loss and
whether these dimensions and clusters truly capture the per-
ception of tinnitus.
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