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It  is  well  known  that  high-level  noise  exposure  can
lead  to  hearing  loss.  Noise-induced  hearing  loss
(NIHL) continues to be one of the major occupational
health  hazards.  An  underlying  assumption  in  current
noise  standards,  e.g.,  ISO  1999:2013  (1),  is  that
hearing  loss  is  related  to  the  total  energy  of  the
exposure.  Thus,  the  risk  of  NIHL  can  be  predicted
according  to  the  ISO  1999  prediction  model.
Unfortunately,  the validity of  the prediction model  to
correctly  predict  the  NIHL  for  all  types  of  noise
exposure is still under question, especially for complex
noise of impulsive character. The basis of current noise
guidelines  is  the  equal-energy  hypothesis  (EEH)
approach, i.e., equivalent effects on hearing for a 3-dB
increase  or  decrease  in  exposure  intensity  with  a
halving  or  doubling  of  the  exposure  duration,
respectively.  This  approach  is  generally  considered
appropriate  for  steady-state  noise  but  not  for  complex
noise.

Steady-state  continuous  noise  exposure  has  a
Gaussian  amplitude  distribution.  Therefore,  the
temporal  characteristics  of  steady-state  noise  do  not
change over time. However, noise exposures often vary
in the temporal pattern in many work environments. A
complex  noise  is  a  non-Gaussian noise  consisting  of  a
Gaussian  background  noise  punctuated  by  a
temporally complex series of randomly occurring high-
level  noise  transients.  These  transients  can  be  brief
high-level  noise  bursts  or  impacts.  Industrial  workers
are  often  exposed  to  complex  noise  environments.
Noises  of  the  same  or  similar  acoustic  energies  and
spectra  can  have  very  different  effects  on  hearing
because of their different temporal structures.

The  fundamental  problem  with  current  noise
standards,  e.g.,  ISO  1999  (1),  is  their  reliance  on  an
acoustic  energy  metric  to  quantify  noise  exposure.  An
acoustic energy metric completely ignores the effects of
the temporal characteristics of noise exposure known to
be  important  in  affecting  complex  noise-induced
hearing  loss.  Many  published  papers  have  shown  that
exposure to complex noise produces more hearing loss
and  sensory  cell  loss  than  an  equivalent  energy

exposure to steady-state noise does in both animal and
human models (2–5). It is reasonable that a metric that
would incorporate and reflect the temporal structure of
exposure  might  be  a  useful  adjunct  to  the  equivalent
sound  pressure  level  (Leq)  metric.  One  such  metric  is
the kurtosis of a noise exposure (3,5). Kurtosis (β) is a
statistical  measure  of  extreme  values  or  outliers  of  a
distribution.  Kurtosis  can  be  used  to  describe  the
amplitude “peakedness” of noise waveforms. It is worth
mentioning  that  the  Gaussian  distribution  has  a
kurtosis of  3.  A  complex  non-Gaussian  noise,   β>3,
can  be  effectively  modeled  as  a  combination  of
Gaussian noise,   β=3,  with  various  high-level
transients superimposed. 

THE KURTOSIS METRIC AS AN
ADJUNCT TO ENERGY IN THE

EVALUATION OF NIHL

A  team  of  researchers  conducted  a  series  of  animal
(chinchilla) experiments to investigate whether kurtosis
can differentiate  the NIHL for a  fixed Leq (2–3,6–7).
The  results  showed  that:  i)  non-Gaussian  noise
exposures  are  more  hazardous  than  continuous
Gaussian  noise  exposures  of  equivalent  energy,  and
noise  kurtosis  explains  much  of  this  increased  hazard;
ii)  NIHL increase as kurtosis  increases for a fixed Leq;
and iii) both kurtosis and energy (Leq) are necessary to
evaluate the hazard posed to hearing by complex noise
exposure.

Recently,  large-scale  epidemiological  studies  have
been  carried  out  in  Chinese  industries,  and  the  data
have  been  fully  analyzed  (5).  The  results  were  in
general  agreement  with  the  above-mentioned  animal
models  showing  that:  i)  an  acoustic  energy  metric  is
necessary  but  not  sufficient  to  evaluate  the  hazard  of
noise to hearing; ii) the temporal distribution of energy
of  noise  (i.e.,  kurtosis)  is  an  important  factor  in
assessing  noise-induced  hearing  loss;  iii)  for  a  fixed
energy level, the noise-induced hearing loss increased as
the  kurtosis  of  the  noise  increased;  and  iv)  non-
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Gaussian  complex  noises  are  more  hazardous  than
Gaussian noise exposures of equivalent energy, and the
hazard is identified by the kurtosis value of the noise. 

CALCULATION METHOD AND
ADJUSTMENT MODELS USING NOISE

KURTOSIS
 

Calculating the Kurtosis of Noise
Exposure

If,  based  on  existing  data,  one  accepts  the
proposition that kurtosis should be routinely measured
in  all  industrial  noise  exposures,  then  the  question  of
how  best  to  measure  the  kurtosis  metric  should  be
considered.  The  kurtosis  of  the  noise  sample  is
dependent  upon  not  just  the  probability  of  a  high
amplitude  event  to  occur  within  the  sample  window,
but  also  the  length  of  the  sample  window.  Recently,
two  algorithms  were  designed  by  Tian  and  colleagues
(8)  to  investigate  the  correlation  between  window
duration for kurtosis computation and the accuracy of
NIHL prediction  using  a  Chinese  industrial  database.
They  found  that  60  seconds  is  the  optimal  window
length for  kurtosis  calculation.  Therefore,  the  kurtosis
of noise exposure should be computed over consecutive
60-second  time  windows  without  overlap  over  the
shift-long  noise  record  using  a  sampling  rate  of  48
kHz.  The  mean  of  the  measured  kurtosis  values  is
calculated and used as the kurtosis metric. 

The Kurtosis Adjustment Models
So  far,  two  kurtosis  adjustment  models  have  been

proposed as follows: 

Model  1  —  kurtosis  adjustment  through  exposure
time:

This model was used in Zhao et al. (4) and Xie et al.
(9). The adjustment formula is listed below:

CNEkurtosis−adjusted = LAeq.h +
ln (β) + .
log () log (T) (1)

This  form  was  chosen  for  calculating  the  kurtosis-
adjusted  cumulative  noise  exposure  (CNE)  because
Gaussian noise  has  a  kurtosis  of  β=3,  and  the  term
[(ln(β)+1.9)/log(2)] is close to 10. Thus, for Gaussian
noise,  the  kurtosis-adjusted  CNE  equals  the
unadjusted  CNE.  According  to  Equation  (1),  for  a
fixed  LAeq,8h,  the  kurtosis  adjusted  CNE  of  the  non-
Gaussian  noise  (β>3)  is  larger  than  that  of  the
Gaussian  noise  (β=3),  which  is  equivalent  to

prolonging the noise exposure duration. 

Model 2 — kurtosis adjustment through LAeq

Goley  et  al.  (10)  presented  another  way  to  use
kurtosis  in  NIHL  evaluation.  Goley  and  colleagues
proposed  a  scheme  that  uses  kurtosis  to  adjust  the  A-
weighted  equivalent  sound  pressure  level  (LAeq)
directly.  The basic  form of  the  kurtosis-adjusted L'Aeq
was determined as follows:

L
′

Aeq = LAeq + λlog
βN

βG
(2)

where λ is a positive constant to be determined from
the dose-response correlation study, βN is the kurtosis
of the noise, and βG=3 is the kurtosis of the Gaussian
noise. Taking noise-induced permanent threshold shift
as  the  dependent  variable  and  LAeq  and  log(βN/3)  as
independent variables, the coefficient λ was calculated
by  multiple  linear  regression  model.  Based  on  the
animal (chinchilla) model, Goley obtained λ=4.02. If
the model is applied to humans, the value needs to be
re-estimated using human data. Using Goley’s model is
equivalent  to  adding  an  increment  determined  by  the
second term of the formula to the resulting total sound
pressure level. 

APPLICATION OF THE KURTOSIS
METRIC IN INDUSTRIAL SETTINGS

Zhao et al. (4) published the first preliminary study
of using kurtosis in industrial settings. Using kurtosis-
adjustment Equation (1), they evaluated the prevalence
of  adjusted  high-frequency  NIHL  (AHFNIHL)  in
workers  exposed  to  Gaussian  (N=163)  and  non-
Gaussian noise (N=32). The prevalence of AHFNIHL
in workers was defined as having one or more hearing
thresholds,  in  either  ear,  at  3,  4,  6  kHz  equal  to  or
higher than 30 dB HL. A dose-response relation for the
Gaussian  and non-Gaussian  noise-exposed  groups  was
then constructed.  By introducing the  kurtosis  variable
into the temporal component of the CNE calculation,
the  two  dose-response  curves  were  made  to  overlap,
essentially  yielding  an  equivalent  noise-induced  effect
(i.e.,  AHFNIHL) for the two study groups.  Thus,  the
kurtosis  metric  was  used  to  quantify  the  deviation  of
the  non-Gaussian  noise  environment  from  the
Gaussian  noise  environment.  The  results  showed  that
the  kurtosis  metric  could  more  accurately  assess  the
risk  of  developing  AHFNIHL  in  workers  exposed  to
high-level Gaussian and non-Gaussian noise. Xie et al.
(9)  conducted  another  study,  including  178  workers
exposed  to  complex  non-Gaussian  noise  and  163
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participants  exposed  to  Gaussian  noise.  The  result
showed  that  using  a  kurtosis-adjusted  CNE,  the
AHFNIHL-CNE  relationship  curves  of  the  complex
noise  and  G  noise  overlapped.  This  result  supported
the work from Zhao et al. (4).

Fuente et al.  (11)  conducted a pilot study in China
to  determine  the  synergistic  effect  of  solvents
combined  with  non-Gaussian  noise  in  humans.  The
kurtosis metric was calculated to quantify the temporal
structure of the noise. The CNE was used to quantify
the noise exposure for each participant. This index was
also adjusted by the kurtosis metric using Equation (1).
The change in slope for the relationship between CNE
and  kurtosis-adjusted  CNE  and  hearing  thresholds  in
each  exposure  group  was  analyzed  to  determine
whether there was a significant effect in the interaction.
The  results  showed  that  the  interaction  term between
CNE and  exposure  group  on  hearing  thresholds  (1–8
kHz)  was  not  statistically  significant.  However,  the
interaction  term  between  kurtosis-adjusted  CNE  and
the  exposure  group  showed  a  statistically  significant
effect  at  6  kHz.  Therefore,  an  interaction  between
noise and solvent exposure on the pure-tone threshold
at  6  kHz  was  observed  only  when  the  temporal
structure  of  noise  was  considered.  This  pilot  study
provides  evidence  that  using  a  kurtosis  metric  that
incorporates the impulsiveness of noise combined with
solvent exposure can allow the detection of their effects
on the hearing threshold.

There  is  a  growing  interest  in  using  kurtosis  as  a
metric for examining the effects of anthropogenic noise
on  the  hearing  of  marine  mammals,  fishes,  and  other
marine  organisms.  Kurtosis  was  recommended  as  one
of  the  marine  mammal  noise  exposure  criteria,  and
kurtosis was used as one of the quantitative metrics to
describe the underwater soundscape. Muller et al. (12)
demonstrated  how  the  kurtosis  of  underwater  sounds
could  be  measured  unambiguously.  They  provided
practical  formulas  for  evaluating  the  kurtosis  of
impulsive sounds. 

THE APPLICATION PROSPECT OF
KURTOSIS IN NIHL EVALUATION

Researchers  have  long  been  aware  that  under  the
same  energy  and  spectrum  conditions,  complex  noise
with  impulsive  components  is  more  hazardous  to
hearing  than  steady-state  noise.  Therefore,  using  the
equal  energy  rule  is  not  sufficiently  protective  against
noise  exposures  other  than  continuous  or  Gaussian

noise.  The  1971  version  of  the  ISO  1999  document
mentioned  an  increase  of  10  dB  for  noise  with
impulsive  components,  while  the  1990  version
mentioned a correction of 5 dB. However, since there
is  no  specific  quantitative  standard,  such  a  correction
method is arbitrary. The above studies have shown that
kurtosis  can  effectively  evaluate  the  temporal
characteristics  of  noise  exposure  for  hearing
conservation  purpose.  Correspondingly,  animal  and
epidemiological studies have demonstrated that NIHL
increases  monotonically  with  the  increase  of  kurtosis.
With the development of the human kurtosis database,
the  kurtosis-adjustment  model  can  provide  us  with
more  accurate  NIHL  prediction,  thus  providing  a
reliable  basis  for  establishing  more  effective  hearing
protection  programs  for  the  workers  exposed  to
occupational noise.
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