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Abstract

Background and Aim: In noisy environments,
two types of masking including energetic mask-
ing (EM) and informational masking (IM) occur.
EM results from the spectral overlap of the target
and maskers on the basilar membrane, while IM
occurs at higher level. This paper aimed to rev-
iew the concept of IM in terms of historical
perspective and definitions, the important cues
for releasing from it, age-related effects and its
neural basis.

Recent Findings: The data from psychoacoustic,
behavioral, and neuro-imaging studies were revi-
ewed and discussed in order to provide an overall
image of IM. According to these studies, it seems
that perceptual segregation between the target
and maskers is the most important cues for relea-
sing from IM. This process takes place simply
and without any effort in adults with normal
hearing; however, it does not occur easily in chil-
dren, elderly people and those with impaired
hearing. Moreover, it seems that both top-down
and bottom-up processing are involved in IM for-
mation.

Conclusion: Since IM leads to failure in selec-
tion of auditory objects and prevents the indivi-
dual from auditory scene analysis, understanding
the IM concept leads to a better knowledge of
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Introduction

Understanding speech in the presence of back-
ground noise can be challenging. In today's soci-
ety, people are constantly exposed to different
types of background noises. The ability to comm-
unicate in the presence of these noises is essential
for success in education and social interaction
[1]. In a complicated acoustic environment com-
prising of various sound sources, selective atten-
tion to one source and ignoring others has been
considered as one of the major challenges of the
human auditory system. The acoustic waveforms
resulted from different sound sources are linearly
mixed with each other before arriving at the ears,
and the brain is responsible for the auditory scene
analysis and sound extraction [2]. In most of
these conditions, competing speech materials ori-
ginate from different sources, and listeners can
spatially segregate the competing messages by
using differences in inputs received by two ears.
This listening situation is a classic cocktail party
problem described by Cherry (1953) for the first
time, and has been widely studied over the past
50 years [2]. This process takes place simply in
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adults with normal hearing without making any
effort, but not in a conversational environment
that is very difficult to hear. Nevertheless, this
phenomenon does not easily takes place in chil-
dren, older adults, and hearing-impaired people
[3].

Masking is the main topic discussed in the cock-
tail party situation. The cocktail party scenario
presents a perceptual challenge to the extent that
the energy in the competing sound sources over-
laps with that of the target signal in time and
frequency. This type of interference is often refe-
rred to as energetic masking (EM) [3,4]. Wight-
man et al. [3] have indicated that, a different type
of masking occurs qualitatively and quantitati-
vely when the masker components randomly
occur from one stimulus presentation to another
presentation, or when there are many similarities
between the target and competing stimuli. This
type of masking which is resulted from the unce-
rtainty of masker or the similarity between target
and competing stimuli, is referred to as informa-
tional masking (IM).

The present study aimed to comprehensively inv-
estigate the concept of IM in terms of historical
perspectives and definitions, the measurement
methods, different cues of releasing from IM,
age-related effects, IM in people with hearing
loss, and the neural basis of IM.

Historical perspectives and definitions

Wegel and Lane were among the first scholars
who classified masking. In one of their studies on
masking, they mentioned that there are two types
of masking: peripheral and central. The central
masking which is generally small, is caused by
conflict of sensations in the brain, and the peri-
pheral masking is resulted from overlapping of
stimuli in the end organ. The central masking
may be always present to some extent, while the
peripheral masking only occurs when two sounds
stimulate a similar area of the basilar membrane.
They finally stated that, all the large amounts of
masking may be attributed to peripheral masking
[5]. Later, inastudy by Carhart et al. in the 1960s
on speech recognition, it was concluded that per-
ception of an oral message in the presence
of multiple competing messages consisting of
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meaningful speech is more difficult than the non-
verbal maskers. They referred to this additional
interference as perceptual masking, and stated
that the term "cognitive interference” could be
applied as well [6]. Later, Pollack used the terms
IM and EM to describe peripheral and central
masking. At a spring meeting of the Acoustic
Society of America (AAA), Pollack claimed that
IM is a form of masking that cannot be attributed
to EM [7]. In 1987, Neff and Green examined
uncertainty factor in competing sounds and its
role in the formation of IM [8]. Since the intro-
duction of IM, many studies have been conduc-
ted on it. Leek et al. argued that IM is defined as
the degradation of a target detection embedded in
a series of similar sounds, and it is not related to
the physical interaction between the target signal
and masker [9].

Informational masking measurement methods
The multitone masking paradigm has been used
in the early studies on IM, and speech materials
were then used to measure 1M.

Multitone masking paradigm

The simultaneous multitone masking paradigm
was introduced by Neff and Green. The masker
tones which are randomly presented in terms of
frequency are presented in two ways; once mas-
ker tones are presented alone, and once along
with the target tones [8]. A protected frequency
range around the target tone is defined and the
frequencies of masker tones are not allowed to
fall within this range. It is a critical band around
the target tone. The purpose of this protected
zone is to minimize the amount of EM. The initial
question of Neff and Green was: how many
masker tones are required to create noise? Diff-
erent tones in a Gaussian noise that were con-
secutively occurring in a frequency bandwidth,
were used in order to generate N random samples
out of masker tones at each interval [8,10]. In all
of the samples, the frequency of the target tone
was fixed and determined through each block
of trials. Their results obtained from three
constant target frequencies of 250, 1000,
and 4000 Hz was very interesting. Based on
the critical-band energy-detector model, it was
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expected to observe a very little masking in
masker tones composed of small numbers of
components whose frequency was outside the
critical band of the target tones, since it is very
unlikely that the masker components can fall near
the frequency of the target tone to energetically
mask it. There were significant amounts of mask-
ing (i.e. about 50 dB for both 1 and 4 kHz fre-
quencies), where the components of masker
tones were very low (about 10 components). In
addition, the maximum amount of masking did
not occur for maskers containing the most com-
ponents (i.e. true Gaussian noise) [8].

When there are very few masker components
(e.g. less than 10 components), IM is predomi-
nant; in contrary, with the increase in the number
of masker components (e.g. more than 100 com-
ponents), the observed masking is almost EM
[8,10]. There is a plateau region between these
conditions which means that 10—100 compone-
nts are perceptually enough to produce signi-
ficant uncertainty (which is an important factor
in IM), while also can produce a significant
amount of EM [10].

Kidd et al. invented another method by using the
multitone masking paradigm. They used this
method to demonstrate that perceptual segrega-
tion of target and competing stimulus can reduce
IM. They also used a sequence of multitone
bursts in each interval. There were two types of
masker sequences in the proposed method inclu-
ding multiple-bursts same (MBS), and multiple-
bursts different (MBD) [10]. The MBS is con-
sisted of eight bursts with frequencies randomly
selected from the frequency range of 200—5000
Hz (not within the critical band of the target tone)
and one target tone with a constant frequency
of 1000 Hz. The frequency characteristics of
masker tones remain constant at all intervals
[10,11]. The MBD mode includes eight bursts
that are randomly selected from the mentioned
frequency range, except that their sequences are
not similar between the intervals and in each new
burst, eight intervals are selected. In MBS, the
behavior of the target tone frequency is also simi-
lar to that of the maskers and it fluctuates at each
interval, however, the frequency of the target
tone remains constant in MBD. In other words,
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the MBS mode indicate the same behavior of
the target and the masker tones, and the MBD
mode shows the different behavior of these two
tones [10]. Overall, it can be said that: 1) in MBS
mode, the jitter produced at the target tone fre-
quency leads to the formation of a new auditory
stream and reduces the amount of masking to 20
dB; 2) in MBD maode, the jitter added to the target
tone frequency leads to an increase in the amount
of the masking by about 10 dB. Therefore, the
amount of produced IM is highly dependent on
the similarity between the target and masker
tones; 3) in MBD, compared to MBS, changing
the masker frequency and maintaining the target
tone frequency form an auditory stream. There-
fore, the amount of masking resulted from MBS
mode is about 25 dB greater than that obtained
by MBD mode. Hence, it can be stated that the
masking caused by the MBS mode indicates the
importance of perceptual grouping for releasing
from IM [10,11].

Informational masking and speech recognition

Speech perception of a particular speaker in the
presence of different speakers is a very complex
process, and one's perception can be affected by
several factors. Given the importance of speech
perception in challenging noisy environments,
the measurement of IM has been investigated
in several studies on speech recognition [4,12-
15]. Masking experiments consisting of multiple
speakers, using a forced-choice speech recog-
nition test in a closed-set, which was first used by
Brungart [13], are the most effective experiments
to separate the target signal from the competing
maskers. Coordinate response measure (CRM) is
one of these experiments which was first deve-
loped by Bolia et al. [12]. This corpus consists of
fixed paradigm sentences in the format of "ready
(call sign) go to (color, number) now". In these
sentences, eight call signs, four colors and eight
numbers [4] can be used. These sentences are
spoken by four females and four males. There-
fore, 256 sentences can be recorded by each
speaker (8 call signs x 4 colors x 8 numbers).
In this test, the listener is required to identify
the color and number in a sentence with a given
specific call sign. Competitive random masker
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sentences use the different call signs, colors,
and numbers from the target sentence [4,13].
Although sentences with the CRM paradigm had
been initially designed to measure speech intelli-
gibility in the presence of competitive noise and
in military environments such as the US Air
Force, the call-sign-based structure used in them
is very appropriate for multi-talker listening tasks
[4,13]. CRM sentences are context free which
means that it is not possible to predict the color
or number in these sentences, and this is an
important factor in measuring the amount of IM
[13].

In early studies on CRM, the live talkers have
been used as CRM corpus. Due to the need for
precise control on stimulus onset, the digital
recordings of talkers is preferable to live talkers
[12]. Currently, in addition to the American ver-
sion of the CRM introduced by Bolia et al. [12],
there are two other English versions using spea-
kers with British accent. In the first British ver-
sion, the American version of sentences has been
used, but in the second one which was designed
to develop a speech recognition test for evalu-
ating the speech perception of UK Armed Forces
by Semeraro et al. [14], a new version of CRM
was developed and its validity and reliability
were measured. They used 18 disyllabic call
signs from the North Atlantic Treaty Organi-
zation (NATO) phonetic alphabet, 9 monosy-
Ilabic colors, and 9 monosyllabic numbers [14].
Brungart [13] was one of the first researchers
who used CRM paradigm sentences for studying
IM. He showed that, when using a competing
speaker, there are large differences in perfor-
mance based on the similarity between the target
and competing speakers such that if using spea-
kers with different genders, the least similarity
will be observed, but in case of using two similar
speakers (one as target speaker and other as
competing speaker), the most similarity can be
obtained. The method proposed by Brungart
has been used in a wide range of studies to
investigate the effect of the number of competing
speakers and their similarities, binaural and
spatial processing, and the differences between
speech and non-speech maskers [13]. One of the
interesting findings was presented by Brungart

Aud Vestib Res (2020);29(3):128-139.

An overview on informational masking

and Simpson [16]. They measured individual's
scores using the CRM test and under the con-
ditions that target speech was presented to one
ear and competing speech to the opposite ear.
The contralateral competing speech did not affect
the performance. In the next step, both target and
competing speech materials were presented to
the same ear. In this case, the detection of target
speech became difficult depending on the ratio of
target speech to competing speech. In the last
step, a target speech was presented to one ear,
one competing speech was presented to the con-
tralateral ear, and one unrelated sentence was
simultaneously presented to the same ear as tar-
get speech. In this case, the individual perfor-
mance was worse than that using the two previ-
ous conditions. Later, Brungart and Simpson in
another study indicated that the uncertainty resu-
Ited from the semantic content of ipsilateral com-
peting speech is much more important than the
content of the contralateral competing speech
[17]. They concluded that this effect is related to
the listener's limited ability to hold separate
inputs arrived at the both ears while performing
an ipsilateral separation task.

Different cues of releasing from informational
masking

In a classic view, the auditory system can be con-
sidered as a set of tandem band-pass filter where
one can select one or multiple filters and ignore
the output of other irrelevant filters. If it was true
and the listener could do it perfectly, then the
masking observed in the multitone masking tests
would be only EM and much less than the empi-
rical observation. Is that possible that the liste-
ners can be trained to do this task, or IM be
completely eliminated through increasing the
prior knowledge? It seems that the variability
between individuals in terms of being susceptible
to IM is much greater than that to EM [9,18].

Training

It seems that, in spite of hundreds of trials in
one session of the multitone masking experi-
ments and familiarizing the individuals with
the test procedure, there is still no decrease in
masked thresholds. There has been no systematic
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evaluation on the extent of the multitone masking
training over a long period of time [19]. Most
studies have suggested a training period for the
individuals to learn how to respond [18,20-23].
Some conclusions can be extracted from these
studies. Neff and Callaghan used the multitone
masking method on four people. They used mul-
titone maskers comprised of 2 and 10 masking
components. They plotted individual's thresholds
as a function of the number of trials. In one out
of the four evaluated subjects, there was a large
decrease in masked thresholds in the method with
two masking components during the first 100
trials. This subject also showed a slight decrease
in threshold in maskers with 10 components.
However, there was no significant reduction in
threshold in other three subjects. They concluded
that there are many individual differences in
being susceptible to IM that cannot be overcome
by repeating a simple training [20].

There is another similar finding reported by Neff
and Dethlefs by examining the results of five
individuals who had been identified to have a
high susceptibility to IM. They stated that there
is no relationship between susceptibility to IM
and the amount of improvement over time. In
some of the studied subjects, there was a signifi-
cant improvement over time as a result of exten-
sive training. They concluded that there is a
potential for long-term training in some people to
reduce the susceptibility to IM (especially in
maskers with small number of stimulus compo-
nents). However, for the most people, the perfor-
mance is stable over time, regardless of whether
their threshold is high or low [18]. Regarding
this assumption, Oxenham et al. investigated the
susceptibility to IM in experienced musicians.
They concluded that the trained musicians are
less susceptible to IM than the non-trained peers
[21]. Swaminathan et al. also showed that the
history of playing music can affect the release
from IM [22]. In another study, Dai et al.
measured the effect of training on susceptibility
to IM among 24 normal hearing young people.
The competing stimuli were vocoded by a com-
puter and presented written on the computer
screen, and then the speech recognition test was
carried out. They found that after familiarizing
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subjects with the content of competing noise, the
more IM was occurred. So the important point
that can be drawn from their study is that the
more meaning of the competing speech may
result in more IM [23].

Cuing

Compared to extensive training, the most impor-
tant way for attracting the listener's attention to
the location of the target stimulus is providing a
copy of the target stimulus immediately before its
presentation. By performing cuing, any variation
is probably reduced and a strong sensory memory
is formed from detecting the pitch of target
stimulus for comparing with the sound that one
hears later [24,25]. Richards and Neff conducted
a comprehensive experiment on the effects of
cuing. They used the multitone masking method.
By presenting a fixed and specific target frequ-
ency in a set of maskers with random frequency
and providing a cue (presenting a copy of the
target), they observed that the amount of masking
between subjects was decreased by about 5 dB in
average. There were even greater effects (about
20 dB) when the frequency of both target and
competing masker were randomized [24]. Richa-
rds et al. compared the effects of target, masker,
and target plus masker cues when they were
presented before and after the trial. The interes-
ting result was that the individuals had better
performance when presenting the masker alone
and immediately before the trial. Although it
seems irrational that the individuals had a better
threshold by cuing the masker, it is a random
change in the masker that causes uncertainty in
the individual. This effect is not due to the peri-
pheral processes (e.g. adaptation of auditory
nerve) but instead it appears to have a central
origin [25]. This effect may be because the
listener is able to form a notch-rejection filter
based on the masker faster than creating an
acceptance filter for the target stimulus. Durlach
et al. referred to this listener strategy as Listener
Min (in contrast to the accepted filter strategy
that was called Listener Max), where the Max
indicates a listener who increases the target-to-
masker ratio (TMR) by maximizing the target
while the Min indicates a listener who attempts
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to do it by minimizing the competing masker.
This potential strategy is more general than
the cuing and it has been used in many masking
experiments. Certainly, there should be also
other strategies with no available information
[11].

Perceptual segregation of sounds

There are many studies that have used a variety
of methods to illustrate the effects of perceptual
segregation on reducing the IM [10,18,26,27].
In fact, it can be stated that IM inherently occurs
due to failure in segregating the target from the
masker. The logic behind this statement is that if
the target is received as an auditory object sepa-
rate from the competing stimulus, then one can
definitely detect it [10]. Some studies conducted
on supra-threshold tasks have argued on this
issue. They believe that the target is not always
required to be perceptually segregated from the
competing maker for a detection process, and it
often occurs only with the listener's awareness of
the presence of the target. However, what is clear
is that in situations where there is high IM, the
detection process is often clearly improved by
segregating the target from other competing mas-
kers [10,27]. Following, we review some studies
supporting the role of perceptual segregation
phenomenon for overcoming IM.

Neff and Dethlefs, by manipulating stimulus pro-
perties in the multitone masking method, inves-
tigated their role in the formation of perceptual
segregation. They used the following manipu-
lations in order to modify the stimulus properties
and consequently, the occurrence of perceptual
segregation: a) reducing the duration of target
compared to that of masker (10- and 100-ms pre-
sented in a 200-ms masker); b) dichotic pre-
sentation of target and masker; and c) creating a
difference between qualitative characteristics of
target (narrowband noise) and competing stimu-
lus (multitone masker) [18]. In general, the amo-
unt of release from IM was reduced by increasing
the number of masker components up to 8—10. In
fact, except for the dichotic condition, there was
no release from masking in maskers with more
than 100 components. The benefit of perceptual
segregation for IM is much greater than for EM.
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Generally, the proportion of EM to IM is incr-
eased by increasing the number of masker
components from very few to very high (e.g. 100
components), hence, there is little IM for 100-
component maskers [18]. Durlach et al. also used
other manipulations for the perceptual segre-
gation, such as asynchronous initiation of target
and competing stimuli, frequency sweep of target
in the opposite direction to the frequency sweep
of competing stimulus, dichotically presentation
of target and competing stimulus, and two types
of spectro-temporal paradigm that changed the
relative coherence between target and competing
stimulus. Despite the high difference between
these conditions in the studied subjects, an ave-
rage segregation of about 17 dB in all of the
above conditions was reported. Finally the auth-
ors concluded that the factor of similarity bet-
ween the target and competing stimulus plays an
important role in releasing from 1M [26].

Auditory spatial processing

Since the introduction of cocktail party problem,
there have been some studies for detection, dis-
crimination, and recognition of the target in the
presence of competing sounds that are in the
same direction with the target or spatially sepa-
rated from it. Almost in all cases, subjects
performed better by spatial separation of the
target from competing stimuli compared to when
the sounds are co-located [28-30]. This improve-
ment in performance is referred to as spatial
release from masking which is usually resulted
from the important processes such as binaural
processing and analyses [28]. The binaural pro-
cessing enables the listener to spatially separate
the target and competing sounds and, consequ-
ently, to analyze the auditory scene after locali-
zing the source of target. Auditory streams are
formed by analyzing the auditory scene, and eve-
ntually separating the target from the competing
stimulus [29]. The binaural processing usually
uses cues such as time difference in receiving the
sounds by the ears or level difference to locate
the sound source. In binaural analyses such as
the Equalization-Cancellation process, either
the representation of the target is amplified or
the representation of competing stimulus is
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weakened. This also improves the spatial release
from IM [28,29]. It should be noted that, alth-
ough auditory spatial processing leads to release
from both EM and IM, the amount of release
resulted from spatial separation of the target and
competing stimulus in IM is much greater than in
EM. Therefore, according to the results of Yost
et al., it can be said that the most important cue
in the release from IM is spatial separation of
target and competing stimulus [28]. The next
interesting point is that, in young adults with
normal hearing, in case of a high similarity
between the target and competing stimuli, there
will be a greater spatial release from masking
compared to the low-similarity case [30].

Other cues of release from informational masking

Brungart and Simpson in their study concluded
that, in case of using speakers with different
genders to utter target and competing sentences,
there would be less IM compared to the case
where talkers had same gender. This is probably
related to the similarity or difference in speech
frequency and rate between speakers [16]. Frey-
man et al. examined the amount of IM in talkers
with the same or different nationality and con-
cluded that, in case of using talkers and listeners
with the same nationality, there would be more
masking because of the greater similarity bet-
ween the target and competing sentences. It was
shown that, the accent of German speakers utte-
ring English sentences was a sign of a decreased
masking [31]. Carhart et al. found that perceptual
masking is significantly dependent on the num-
ber of competing talkers. They found that, per-
ceptual masking was increased as the number of
competing talkers increased to three and dec-
reased as their numbers increased more than
three [6]. Yost et al. reported that, in case of using
three talkers, there would be greater difficulty in
dividing attention to the target in comparison
with the two-talker case [32]. Moreover, in three-
talker cases, spatial cuing is more helpful for
releasing from masking. Brungart et al. found
that, in diotic condition using two or three mas-
kers, there are more masking with high TMR
compared to the case with one masker, and this
might be due to the increase in both EM and IM
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[4]. Hall et al. in studying the ability of children
and adults, also reported that there are much
more masking in the presence of two competing
talkers [33].

Effect of age on informational masking

A number of studies have examined the role of
age in focusing attention on one auditory source
and ignoring other sources.

Children

Spatial processing and paying attention to a
particular sound source in the presence of other
sound sources is crucial for children to success in
educational and social settings. It has been shown
that children are highly distracted by competing
sound sources [26,27]. Allen and Wightman
investigated the effects of uncertainty on target
and masker frequency among children aged 3-5
years old and adults. They assumed that children
were unable to focus attention on a specific
frequency area. In their study, thresholds in chil-
dren under all evaluated situations were higher
than in adults. Moreover, they showed that the
incidence of IM was higher in children when
there was uncertainty in the frequency of masker.
Overall, they concluded that children may be
poor listeners probably due to the immaturity of
central mechanisms in them which are respon-
sible for focusing attention [34].

Oh et al. examined the masked thresholds using
the multitone masking method for a group of
children and adults. The thresholds in children
varied due to the number of masker components
and consequently, the type of available masking.
This means that, in case of using more masker
components (EM), there would be approximately
similar masking amount in both groups; how-
ever, when there were few masker components,
children had higher masking than adults. With
the fewest masker components, there was a 50 dB
difference between the two groups. These diffe-
rences cannot be attributed to anatomical or phy-
siological maturity or even the difference in
auditory filter bandwidth of children. According
to the aforementioned studies, the greater amount
of IM in children may be due to their decreased
selective attention abilities [35].
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Whightman and Kistler, by studying the recog-
nition thresholds of coordinate response measure
(CRM) sentences in the presence of ipsilateral
competing speech presented to both ears in a
group of 4-16 years old children, concluded that
children need higher TMR. There was about a
15 dB increase in IM amount of children. It is
amount increased by about 5 dB in both groups
by presenting contralateral competing speech.
They concluded that selective attention abilities
in children are poorer than in adults, and children
are more susceptible to IM [36]. It is required to
evaluate the performance of older groups in order
to investigate the susceptibility to IM throughout
life.

Elderly people

Most of the elderly people complain about
speech perception in noisy situations. It is clear
that their poor speech recognition can be due to
different factors such as peripheral hearing loss
and cognitive impairment or processing prob-
lems. Determination of the role of each of these
factors in speech perception problems of the
elderly listeners is difficult. Most of the elderly
people with normal hearing have complaints
about speech perception [37]. To investigate the
effects of aging on IM regardless of hearing
impairment, Rajan and Cainer used 20—69 year-
old subjects with normal hearing in a frequency
range of 250—4000 Hz. These participants were
divided into five age groups. Speech in noise
perception test was performed on the subjects
using sentences and two types of babble noise
and speech-shaped noise. Speech-shaped noise
was used to create EM and bubble noise,
consisting of eight speakers, was used to create
both EM and IM. Sentence recognition scores
using babble noise for the oldest age group
(59-69 vyears) were significantly lower than
those of other age groups. In case of using a
masker causing more cognitive load, people over
the age of 60 years needed higher SNR for
detection of 50% of sentences. They concluded
that people over 60 years of age had impairment
in the separation of target speech from back-
ground noise due to a modality-specific decline
in cognitive processing and, consequently, the
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decreased ability to use acoustic and phonetic
cues [38]. In a recent study conducted by Amiri
et al. on two groups of young and elderly normal
hearing listeners, found that the speech percep-
tion ability of elderly listeners is considerably
reduced in the presence of meaningful back-
ground noise. Moreover, the decrease in SNR
significantly reduces the perceptual abilities of
elderly listeners [39].

Since IM causes higher cognitive load in com-
parison with EM, many scholars have concluded
that older people have generally lower speech
perception than younger people (e.g. Ben-David
et al. [40] Fullgrabe et al. [41]). In all of these
studies, the speech perception of the two groups
of young (less than 30 years old) and older (older
than 60 years) people has been compared. There-
fore, to answer the question whether IM affects
middle-aged people, Goossens et al. [42] inves-
tigated speech perception in people aged 20—80
years divided them into three age groups of
young, middle-aged, and older cohorts. All of the
subjects had normal hearing (thresholds up to
4000 Hz) with no cognitive impairment. Their
main hypothesis was that, although there is
similar amount of EM in all age groups, there
should be a significant decrease in speech per-
ception of the older group if using IM. They
concluded that, in both EM and IM, older age
group had poorer speech perception compared to
the young group, but this increase in IM was
significantly greater than in EM. Another impor-
tant point was that in case of EM, the hearing
impairment was the most important factor in
speech perception, while in IM the decline in
speech perception was independent of hearing
impairment. They considered the effects of aging
on poor speech perception in older adults was
due to deficiency in temporal processing, and
emphasized on the improvement of the quality of
rehabilitation programs to prevent older adults
from missing conversations [42]. In another
study conducted in an investigating the speech
recognition performance of young and elderly
people with normal hearing, it was reported
that, the more meaningful the competing noise
(competing noise was selected in three ways: part
of the speech text, a bubble noise, and single
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person competing noise), the more the IM would
occur. In this study, the poorer performance of
the elderly people was attributed to the age-
related decline in their cognitive abilities in word
recognition [43].

Some studies have examined the role of age in
detecting target speech from competing speech.
According to these studies, the normal hearing
elderly people usually have more problems in
case of high similarity between target and com-
peting speech [44,45]. In 2016, a group of young,
middle-aged, and elderly participants were asked
to answer the question whether the separation of
target speech from competing speech that were
simultaneously given to both ears can lead to
more cognitive processing compared to when
competing speech is presented to one ear, or
whether aging affects this ability or not. The
highest difference between the young and elderly
listeners was observed in case of the presentation
of bilateral symmetrical competing stimuli that
were very similar to the target speech. Compared
to the young group, elderly listeners needed
higher SNR to recognize target speech. In case of
presenting competing stimuli to only one ear,
there was almost similar release from 1M for all
three age groups [45].

Informational masking and hearing loss

It is reasonable to assume that people with peri-
pheral hearing impairment may show different
susceptibility to IM or different use of cues to
release from this type of masking, compared to
those with normal hearing. Now the question is
that to what extent these differences can be attri-
buted to processes involved in peripheral mecha-
nisms such as reduced sensitivity, compression,
or broader auditory filters [46,47]. Micheyl et al.,
and Alexander and Lutfi used the multitone mas-
king method in their studies on people with
sensory-neural hearing impairment. There are
differences between the two studies, but their
general conclusion was that sensory-neural hear-
ing impairment does not increase the suscep-
tibility of individuals to IM and hearing-impaired
people can even have less IM compared to
people with normal hearing [46,47]. According
to Alexander and Lutfi, the CoRE model can
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predict this result due to the reduced dynamic
range of hearing-impaired people [47]. Based on
this model, it is suggested that the amount of IM
will increase by increasing the output variability
of the peripheral filters. Most of this variability is
normally resulted from the difference between
the output levels in the trials where the masker
components are located in the filter and those
where the masker components are not located in
the filter. In the second mode, the filter output
will be very low. If the individual’s thresholds
are increased as a result of hearing impairment
and the range of filter output level is reduced, the
estimated IM amount is be also reduced [48].
Overall, it can be concluded that, due to the broa-
der auditory filters in hearing-impaired people,
the broadband spectrum stimuli may interfere
with each other more at the peripheral auditory
system and thus, they have more EM. On the
other hand, in the mentioned studies it was
illustrated that, the amount of IM is more likely
decreased by increasing EM induced by a series
of excitatory stimuli [46,47].

Neural basis of informational masking

There are limited studies on the neural basis of
IM. The role of pre-attentive central auditory
processing in susceptibility to IM was first add-
ressed by Brungart and Simpson. They reported
that, when presenting one ipsilateral competing
stimulus and one speech-like contralateral com-
peting stimulus at the same time, or by changing
the amplitude of the contralateral competing sti-
mulus, there was more intervention in speech
perception compared to when only one ipsilateral
competing stimulus is presented. This process
considered as s bottom-up processing [16]. Scott
et al. [49] used positron emission tomography
(PET) to investigate the neural basis of speech
perception in the presence of steady-state noise
(EM) and a competing speaker (IM). By inves-
tigating brain activity at different SNRs, they
concluded that, as Brungart et al. [4] predicted
using behavioral tests, noise and speech act
separately in case of being used as masker;
hence, the neural basis of IM is different from
that of EM. In summary, they concluded that the
rostral and dorsolateral parts of the prefrontal
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cortex and posterior part of the parietal cortex are
applied in EM, while in the IM, the bilateral
superior temporal gyrus is activated in addition
to the above parts indicating the parallel infor-
mation processing resulted from the two talkers.
Using three types of competing noise, Szalardy
et al. [50] investigated the results of functional
magnetic resonance imaging (fMRI) on 15 young
French people with no hearing or lingual impair-
ment. These participants were asked to listen to a
list consisting of 30 words in four conditions
including a) in silence, b) in the presence of
broadband noise (EM), c) in the presence of a
bubble noise consisting of 4 speakers (IM), and
d) in the presence of the previous bubble noise
presented in reverse (more IM than condition b
and lower IM than condition c), and then choose
the word they heard from the two words dis-
played on the screen. They concluded that, the
left auditory cortex, the bilateral superior tem-
poral gyrus, and the left supramarginal gyrus are
activated in IM (at both phonological and lexico-
semantic levels). By reducing the fMRI response
under condition d from that of condition c (i.e.
the condition containing the lexicosemantic
level), more activity was observed in the 21th
speech region while in case of reducing the fMRI
response obtained under condition d from that of
condition b (i.e. the condition containing the
phonological level), there was more activity in
the 22nd speech region. Therefore, it can be said
that the most part of bilateral superior temporal
gyrus is involved in IM [50].

Carlile and Corkhill provided a new insight into
the processes involved in IM by investigating
it in the presence of various types of competing
noises (speech noise, speech-like noise, and
amplitude-modulated noise). They argued that
both top-down and bottom-up processes are
involved in IM. This indicates that both endo-
genous and exogenous attentions are engaged in
the release from IM. Endogenous attention is a
top-down processing, while exogenous attention
is described as a bottom-up processing. In exo-
genous attention, in case of using a stimulus with
salient information, the listener pays attention to
an object or a stream that is not appropriate for
the task. This can be the basis of a phenomenon
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called odd-sex distractor, where by the use a
female masker talker in the presence of a male
target talker and another male masker talker,
more IM is produced compared to when all
talkers have the same gender. This phenomenon
is caused particularly by a salient stimulus and is
an example of the role of upstream processing in
creating IM. Therefore, IM cannot be a pure pro-
duct of downstream processing [51].

Conclusion

Masking is the main topic discussed in cocktail
party problem and is divided into two types of
EM and IM. Overall, IM resulted from limi-
tations at the central level of auditory system
unlike EM that is resulted from the limitations
caused by frequency selection at the peripheral
level. IM leads to a failure in selection of auditory
objects and therefore, cause impairment in audi-
tory scene analysis. Adult people with normal
auditory system usually use different cues for
releasing from IM and tracking speech in noisy
environments. However, this phenomenon does
not occur easily in children, elderly people and
those with impaired hearing. Although there are
several neural bases for IM, it seems that both
top-down and bottom-up processing are involved
in its formation.
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