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Introduction

he act of listening is not limited to the de-

tection of acoustic stimuli; it also includes

correct decoding, perception, recognition,

and interpretation of those stimuli. The

central auditory nervous system (CANS)
is a very complicated system responsible for recognizing
and interpreting a wide range of auditory inputs, ranged
from very simple nonverbal acoustic stimuli to highly
complicated speech messages. Several underlying neu-
rophysiological and cognitive mechanisms are involved
in this process; even very simple auditory events are af-
fected by higher cognitive functions like memory, at-
tention, and learning. Therefore, the interaction between
bottom-up and top-down processes determines what is
finally experienced by listeners. Hence, one can state
that although the analysis of an acoustic signal is initially
based on recognition and processing by the CANS, high-
er-level cognitive and behavioral factors have a signifi-
cant effect on the listener’s ultimate ability to recognize
and interpret the acoustic signal [1, 2].

There have been studies conducted on central audi-
tory processing factors using the dichotic listening (DL)
technique. The DL technique is the process of receiving
different stimuli presented simultaneously to each ear
under divided-attention condition. Listeners experience
two streams of sound, each localized at the ear to which
it is presented. A common result for the verbal stimuli
(phonological or linguistic) is that the stimuli presented
to the right ear are reported more correctly than to the
left ear, which is known as right ear advantage (REA)
[3, 4]. In return, a left ear advantage (LEA) is achieved
in a dichotic condition with nonverbal stimuli, such as
tonal sequences, melodies, or emotional stimuli [5]. The
theory of structural model is the most widely supported
theory for the ear advantage effect in DL [6]. This theory
suggests that DL is associated with brain asymmetry
through dominant contralateral auditory pathways, lead-
ing to a higher presentation of verbal inputs in the left
hemisphere dominant for language. According to this
theory, during a dichotic presentation, the contralateral
auditory areas of the brain are far more operative; verbal
stimuli delivered to the right ear may have a total con-
nection to left-hemispheric processing centers, whereas
the stimuli to the left ear is relocated throughout the cor-
pus callosum to reach speech processing region in the
left hemisphere. Furthermore, nonverbal stimuli deliv-
ered to the left ear have direct access to the processing
area of the right hemisphere. It has previously been dem-
onstrated that the REA may be altered systematically by
changing the top-down instruction or bottom-up stimu-
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lus features. Top-down instruction is commonly accom-
plished when participants are instructed to concentrate
and report from only one ear [3, 7, 8]. Compared to a
free-recall condition with no attention (non-forced con-
dition; NF), directing attention to the right ear (forced
right attention; FR) tends to increase the REA. On the
other hand, the ear advantage progressively diminishes
or is even changed when participants are instructed to
pay attention to the left ear (forced left attention; FL).
The inter-aural intensity difference is changed for ma-
nipulation of bottom-up stimulus features [8].

There is a widespread assumption stating gender dif-
ferences in particular intellectual abilities. Many stud-
ies have been conducted to assess this assumption,
summarized by Garai and Scheinfeld [9]. Other recent
reviews and meta-analyses have shown that men and
women have different cognitive abilities. It is now well
acknowledged that gender differences affect verbal and
spatial abilities. Based on this fact, several explanations
have been made for gender differences. Many of them
have been investigated; a few of them have been proven
wrong and some still remain. It is perplexing that various
review studies have reported different findings on gender
differences in brain lateralization [10, 11]. Considering
these issues and their significant effect on DL, the pres-
ent $tudy’s main goal was to list all of these variables
and evaluate their impacts which seems to be essential in
this field, because some of these variables or factors may
be overlooked during DL evaluations which may lead to
misdirection or misinterpretation of the results.

Methods

In the present review study, a search was first con-
ducted in PubMed, Science Direct, Springer, Elsevier,
and Google Scholar databases on articles without limi-
tation in their publication year by using the following
keywords: dichotic listening, ear advantage, working
memory, attention, gender, top-down and bottom-up
factors on dichotic listening. The inclusion criteria were
availability of full-texts and being a clinical trial using
DL as a base test. The abstracts, case reports, and non-
English articles were excluded from the review. Based
on these criteria and the study purpose, 25 articles were
reviewed, categorized into six main groups (Table 1) in-
cluding REA, attention, working memory, gender, LEA,
and top-down and bottom-up factors.

Both brain hemispheres have a homologous anatomical
structure. However, in various cases, higher-level cogni-
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tive functions are asymmetrically distributed between
them [12]. Wernicke [13] and Broca [14] presented one
of the most convincing examples of this asymmetry.
They found that lesions in the left hemisphere interfere
with speech and language perception and production.
Kimura published a leading paper in 1967 on the neuro-
anatomy and neurophysiology of REA [12]. According
to her, REA results from the direct access of the right ear
to the left hemisphere which is dominant for language
processing; this is because of the superiority of the con-
tralateral auditory nerve fibers from the cochlear nuclei
to the auditory cortex, whereas the left ear auditory input
is transmitted from the right hemisphere (non-dominant)
through the corpus callosum to the speech processing
area in the left hemisphere. In other words, the auditory
input of the right and left ears has direct access to the left
and right hemispheres, respectively, through contralat-
eral pathways resulting from suppression or inhibition
of ipsilateral stimuli in DL conditions [12, 15, 16]. Poll-
man et al. found a good correlation between Kimura’s
model and their study of vascular lesions in the ante-
rior, middle, and posterior areas of the corpus callosum
[15]. This model was evaluated and confirmed through
the DL paradigm using consonant-vowel (CV) syllables
presented in Hugdahl et al.’s study [16].

Conventional DL tests mostly use English CV syl-
lables. The stimuli used in these tests consist of six stop
consonants (/b/, /d/, /g/, Ip/, It/, /k/) followed by a vowel
(/a/). Dichotic presentation of CV syllables increases the
number of syllables reported from the right ear com-
pared to those from the left ear in healthy individuals
which results in REA [17]. REA is usually reported dur-
ing DL tests when a wide range of English stimuli are
used, which is an evidence of left-hemispheric lateral-
ization [18]. As the auditory nerve fibers pass through
the posterior third of the corpus callosum [17], Pollman
et al. predicted that patients with posterior lesions of
the corpus callosum (preventing signals from transmit-
ting to the left hemisphere) may have a stronger REA
than patients with anterior lesions when the information
transferred between the hemispheres remains intact [ 15].

Several theories have been proposed to explain REA in
DL, the most significant of which is theory of structural
model. This theory suggests that the input stimuli to each
ear are more robust in the opposite hemisphere. Hence,
the right ear and its afferent fibers can be more func-
tional in transmitting data to the left hemisphere. The
specialization of the left hemisphere for speech process-
ing ends because the right ear speech stimuli are pro-
cessed faster through the contralateral hemisphere [12].
Studdert-Kennedy and Shankweiler stated that both
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right and left hemispheres equally process the param-
eters of speech signals. However, the left hemisphere is
more appropriate for extracting linguistic features from
auditory inputs, and high-level cognitive functions (e.g.,
linguistic and semantic engagements) may modulate
the perception of low-level signals, which leads to the
asymmetric function of the hemispheres [19]. REA in
DL is not limited to verbal stimuli. For instance, the
physical characteristics of vocal stimuli including in-
tensity can modulate the ear advantage. When supraseg-
mental information such as pitch is processed, the right
hemisphere becomes dominant (LEA). During DL test,
the processing of melodies leads to the LEA, while the
processing of English syllables leads to the REA, indi-
cating the involvement of the left hemisphere in extract-
ing phonological cues and the contribution of the right
hemisphere to the pitch processing [20-22].

The right hemisphere primarily processes supraseg-
mental information of tones, while the left hemisphere
preferentially involves in phonological and lexical-se-
mantic processes. The shift from LEA to REA in DL
when the stimulus contains more suprasegmental, pho-
nological, and lexical-semantic information indicates
that dichotic listening ear preference depends on hemi-
sphere lateralization during speech listening. Ultimately,
one can state that the preference of ear advantage in DL
depends on the level of speech and language analyses,
which is specialized in both hemispheres [9].

It is a common experience for many people to cope
with various auditory signals at the same moment. This
phenomenon is known as the cocktail party effect, in
which different auditory streams are generated from sev-
eral speakers, and the listener has to focus his/her atten-
tion on a particular stimulus [23]. In a DL condition, two
different stimuli are presented simultaneously, one to the
right ear and one to the left ear. In this situation, the re-
sulting REA seems to result from the left-hemispheric
dominance for speech and language processing [24]. DL
is one of the most frequent and non-invasive techniques
for evaluating hemispheric lateralization in clinical and
experimental studies. Dichotic presentation of the stim-
uli may increase the error in lateralization across trials
due to shifting attention to the right or left ear. Hence,
a forced-attention condition in dichotic paradigms has
been introduced where the individual is asked to pay at-
tention to stimuli only in one ear to control the attention
effect [23]. So far, it has been assumed that the same
underlying attentional and cognitive processing are in-
volved in focusing attention on the right-ear or left-ear
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Table 1. Trial characteristics of included studies
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Study
(author, year)

Participants, age (y),
mean (range)

Methods

Finding

Kimura, (1967) [12]

Pollmann et al.,
(2002) [15]

Hugdahl et al.,
(1999) [16]

Studdert-Kennedy et

al,, (1970) [19]

Prete et al., (2016)

[20]

Prete et al., (2018)

[21]

Prete et al., (2020)

[22]

Kompus et al.,
(2012) [23]

Toga et al., (2003)

[24]

Kimura, (1961) [6]

Penner et al., (2009)

[25]

Geffen, (1978) [29]

Tylor et al., (1982)

(30]

120 participants

10 participants with a partial
lesion of corpus callosum (6
male, 4 female), (20-66 years),
(45+16.19 years)

11 voluntary participants as
controls group include 7 male
and 4 female (21-66 years),
(45+16.23 years)

12 right-handed male subjects
(20-30 years)

12 participants, 7 female and
5 male (18-26 years)

400 right-handed participants
(19-36 years)

50 volunteer participants, 31
females, 19 male (22.7910.41
years)

200 participants, 99 females
and 101 males (18—-40 years)

113 healthy participants, 62
male, 51 female (29.3+8.3
years)

71 participants

30 German-speaking volun-
teer participants (28.10+7.6
years)

48 right-handed participant,
24 male and 24 female

48 participants, 24 male and
24 female (17-27 years, mean
age=21)

Right ear advantage

Dichotic digits test

Dichotic CV syl-
lables test

CV syllables test

Dichotic CVC syl-
lables test

Auditory imagery

Dichotic CV syl-
lables

Auditory imagery
task, during dich-
otic listening

Attention

fMRI
dichotic CV syl-
lables

Working memory

Dichotic digits test

Dichotic CV syl-
lables test

Dichotic digits test

Nonsense syllables
presentation mon-
aurally

The right hemisphere’s superiority in melodic-pattern
perception is reflected in greater identification of melo-
dies arriving at the left ear, while the left hemisphere’s

predominance in speech is reflected in more robust
recognition for words arriving at the right ear.

1) Differences in the distribution of auditory callosal
fibers across inter-species
2) Left ear suppression was caused by splinum lesions.
3) Lesions of the corpus callosum anterior to the sple-
nium did not affect laterality scores.

1) DL performance and PET data show the asymmetry
effects of the dichotic mode of stimulus presentation.
2) There are activation biases in the temporal lobe, left
inferior frontal lobe, right dorsolateral prefrontal cortex,
left occipital lobe, and cerebellum.

In both hemispheres, the primary auditory system has
been equipped to extract the auditory characteristics of
a speech sign.

In brain asymmetry, the left hemisphere’s dominant
involvement in auditory imagery may lead to significant
lateral biases in mental imagery.

The use of bilateral HF tRNS in the treatment of
language deficits to modulate fundamental speech
processing pathways.

When describing negative emotional content, the right
hemisphere’s dominance for negative emotions bal-
ances the left hemisphere’s dominance for language,

resulting in hemispheric asymmetry.

The left inferior prefrontal gyrus and caudate nucleus
were active in the FL condition, while the right inferior
frontal gyrus and caudate nucleus were activated in
both the FL and FR conditions, as well as in the non-
instructed (NF) baseline condition.

Brain mapping and other approaches, as well as on-
togeny, phylogeny, and genetic determinants of brain
asymmetry, hold a lot of potential for examining factors
that control cognitive specialization in the brain.

1) Both temporal lobes engage in elaborating activity in
the same side’s auditory receiving area.
2) The left temporal lobe is particularly important in
identifying language information in the audio modality.

Working memory mechanisms responsible for in-
creased REA are addressed in hemispheric asymmetry
via top-down and bottom-up techniques.

Control of directed attention (that improves with devel-
opment) and left hemisphere specialization for speech
processing are used to determine success in dichotic
verbal listening (that remains constant).

1) The underlying processes that cause asymmetries in
other patterns may be comparable to those that cause
asymmetries in monaural REA.

2) The intrinsic processing of the monaural approach
may be partly responsible for its limited REA depend-
ability.

Aud Vestib Res. Spring 2022;31(2):74-83
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Study
(author, year)

Participants, age (y),
mean (range)

Methods

Finding

Gender

Buffery, (1972) [34] -

Hiscock, (1995) [7] -

Voyer, (1996) [11] -

Variations in cognitive ability between men and women
are caused by differences in laterality. As a conse-
quence, sex differences in laterality may be the source
of cognitive sex disparities.

Left ear advantage

30 participant German-

Bethmann et al., speakers, 15 male, 15 female

Dichotic listening

1) A dichotic listening test cannot identify language
laterality in single subjects.

(2007) [40] fMRI 2) According to fMRI data, more than 90% of right-
(2616 years) A -
handed adults have left dominant language processing.
Fernandez et al., 14 children with intractable FDWT In pre-surgical patients, the FDWT may give a fast and
(2006) [41] seizures (13.23+2.29 years) fMRI accurate assessment of lateralization.
Schmithorst et al Diffusion tensor LEA may be anticipated by sensory and attentional
(2013) [37] 13 participants (7—14 years) |r’r;:/|g||arl1g e,
. . The ear advantage in dichotic condition may create
Hugdahl et al., .. . Dichotic CV syl- e - e . ,
(1997) [42] 13 participants (10-19 years) lables test artificial left-right classifications which don’t match the

Westerhausen et al.,
(2018) [36]

Dichotic listening
with verbal stimuli

data’s real grouping.

When employing the dichotic-listening technique,
careful consideration of these variables should be at
the core of any experimental design in order to create
the best testing environment for assessing laterality
and prevent confounding in between-participant and
between-group evaluations.

Top-down and bottom-up

35 participants, 19 male and

Westerhausen et al., 16 female, (19-35 years) Dichotic CV syl- The top-down and bottom-up manipulations are inter-
(2009) 8] (23.0843.3 years)) lables test twined and should not be considered separate.

33 participants, 17 male and . . i When listening to CV syllables in dichotic state, the REA

ngggg)l F;:}I" 16 female, (21-39 years), chlggr; (t:;/Stsyl can tolerate an interaural intensity differential of 9 dB

(24.8+4.9 years) before producing a substantial LEA.

Bloch et al., (1989) 18 male particioants Dichotic CV syl- The effects of relative sensory intensity are the same in
[3] p P lables test forced attention and split attention conditions.

Tallus et al., (2007) 20 participants, 13 female, 7 Dichotic CV syl- The ear advantage was substantially influenced by the

[45] male (21-35 years) lables test interaural intensity difference in the expected manner.

CV; consonant- vowel, DL; dichotic listening, PET; positron emission tomography, CVC; consonant-vowel-consonant, HF;
high frequency, tRNS: transcranial random noise stimulation, fMRI; functional magnetic resonance Imaging, FL; forced left,
FR; forced right, NF; non-forced, REA; right ear advantage, FDWT; fused dichotic words test, LEA; left ear advantage

stimuli. This assumption has recently been challenged.
One of the clear downsides of this assumption is the
distinction between FR and FL attention conditions in
clinical populations. Patients with schizophrenia, post-
traumatic stress disorder, attention deficit hyperactivity
disorder, Alzheimer’s disease, and Huntington’s disease
have poor selective attention through the left ear such
that they report fewer stimuli from the left ear, while
their function in the FR attention condition is normal.
Such difference can also be observed in healthy older
adults. Youth and older people do not differ significantly
in their function under the FR attention conditions; how-
ever, the older people are less able to pay attention to the
left-ear stimuli under this condition. Therefore, although
two FR and FL attention conditions may have a similar

effect on the ear advantage, attention to the right- and
left-ear stimuli seems to cause distinct cognitive process-
es [24]. It has been proposed that, under the FR condi-
tion, the participants are required to repeat the robust au-
ditory inputs, while under the FL condition, they need to
process a weak input in the presence of a competing and
more robust stimulus. Both FR and FL conditions need
selective attention, where the FL condition requires more
processing to select a weaker stimulus [23, 24]. Thus,
under the FL condition, one can assume that the brain
should use more networks to successfully respond to the
weaker stimuli where perceptually salient speech stimuli
from the right ear are in conflict with them. It is believed
that subcortical brain structures including the striatum
and the prefrontal cortex play an essential role in cogni-

Aud Vestib Res. Spring 2022;31(2):74-83
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tive control. Hence, FL performance is associated with
the contribution of the frontostriatal network. This helps
explain why the above-mentioned clinical patients have
poor selective FL performance [23].

As mentioned before, according to Kimura’s structural
model, the REA observed in DL tests usually shows the
left hemisphere’s advantage in speech processing and
the superiority of contralateral auditory pathway in sig-
nal transmission [12]. There are some contradictions in
the results of many DL studies regarding phonological
lateralization and speech processing compared to Kimu-
ra’s reports [6], because Kimura did not use phonologi-
cal stimuli and speech perception paradigms; instead, he
used a task developed by Broadbent in 1954 containing
three pairs of single-digit numbers presented in rapid se-
quence and the subjects were asked to immediately re-
peat as many digit numbers as they could remember in
a free-recall condition [6, 25, 26]. Hence, the task used
in Kimura’s study was actually a working memory task
with 6-digit stimuli (3 to the right ear and 3 to the left
ear), and the participants were likely used the phonologi-
cal loop to span the time interval between the presenta-
tion of the stimuli and reporting of a series of numbers.
The results of her studies showed a marginal REA. In-
deed, most of participants could repeat all six stimuli
correctly, indicating a ceiling effect. Hence, the functions
where DL stimuli are expected to tap may not be exclu-
sively associated with speech perception and language
processing [25]. This is consistent with neuroimaging
studies which have reported strong activity of the medial
prefrontal cortex during DL. High-level cognitive func-
tions such as working memory, are also affected by this
brain region [27, 28].

If verbal DL tasks such as dichotic presentation of CV
syllables, depend on working memory. The magnitude of
REA in dichotic assessment should be changed by ma-
nipulating memory parameters such as memory load and
serial position effect. Hence, it is assumed that REA in
DL depends on the number of stimuli that the participant
should remember as well as the order of their presenta-
tion. Since the participants split their attention between
both ears while simultaneously keeping track of a grow-
ing number of stimuli, a working memory task is highly
required. The increased use of top-down cognitive pro-
cesses is reflected in the greater demand for executive
functions [25]. As memory load increases, the need for
bottom-up processing increases due to the anatomical
structure of the auditory pathways. Thus, the question
is whether REA is enhanced as memory load increases

Aud Vestib Res. Spring 2022;31(2):74-83
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or not [29, 30]. Penner et al. Examined the possibility
of improved REA by increasing working memory load.
They used a DL task in three working memory load con-
ditions on 30 participants. Their findings indicated that
higher working memory load results in improved REA
[25]. The mechanisms that lead to these outcomes have
been discussed in terms of top-down and bottom-up ap-
proaches and hemispheric asymmetries [25, 31]. There-
fore, the degree of lateral asymmetry is affected by the
number of items in acoustic memory [29].

The use of distinct beginning consonant sounds for
the right- and left-ear stimuli on each trial may influ-
ence the REA, which is a potential limitation in clinical
studies [25]. Rimol et al. realized that having distinct
beginning consonant sounds in the right and left ears
results in more significant REA when the right-ear
stimulus was an unvoiced syllable and lower REA was
resulted when a voiced syllable was used, compared to
having the same consonant sound in both ears which
resulted in moderate REA [32]. Therefore, compared
to a typical CV-syllables scenario, simply adding trials
with varied beginning consonant sounds can have little
effect on the overall REA [25, 32].

The idea that gender differences in brain lateraliza-
tion may affect cognitive patterns has been studied for
40 years [9, 10, 33], since Levy’s study in 1972 [33].
Indeed, it may not be coincidental that men perform bet-
ter in tasks engaged the right hemisphere (visual-spatial
tasks), while women outperform men in tasks involving
the left hemisphere (verbal tasks). Levy expected that
men show more lateralization in verbal and non-verbal
tasks than women; however, Buffery et al. predicted
more lateralization in women than in men [34]. Levy
stated that men have more left-hemisphere advantage
in verbal processing, including reading words displayed
on a computer screen or repeating dichotically presented
syllables. Moreover, men have more right-hemisphere
advantage over women in nonverbal tasks such as com-
paring geometric shapes rotating on a computer screen
[33]; however, Buffery et al. predicted gender differenc-
es in the opposite direction [34]. A study was conducted
by Hiscock et al. based on these two hypotheses. They
carried out a comprehensive review of studies on audi-
tory lateralization and gender differences published in
six neurophysiology journals. Although monaural tasks
were included in their review, their bulk data were DL
tasks found in 92 out of 141 (65.2%) available studies.
According to them, gender differences were found in
only 43 of 141 (35.5%) DL studies, and most of which
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reported greater lateralization in men than in women. As
a result, Hiscock et al. concluded that moderate gender
differences in lateralization might be found at popula-
tion level [7]. Their results supported Levy’s theory
[35]. Voyer in a meta-analysis of gender differences in
perceptual asymmetry, included 396 effect sizes drawn
from 266 studies on visual, auditory, and tactile lateral-
ization in 1994. In their review, only the auditory modal-
ity was considered. Based on their analyses, there was a
significant gender difference in the lateralization effect
size such that men showed more lateralization effects
than women. This supported the results of Hiscock et al.
[11]. The studies showed that the small population-level
difference regarding lateralization in men compared to
women might be due to the gender effects on the inher-
ent top-down and bottom-up factors in DL [10, 11].

In a typical DL task, two different acoustic stimuli are
presented at the same time through headphones, one to
the right and one to the left ear. Using verbal stimuli,
participants usually report more stimuli delivered to the
right than to the left ear. This precise mechanism of this
process is still unclear. There is valid claim that REA
reflects the left hemisphere’s dominance for speech and
language processing. As a result, perceptual laterality
and the preference for the right-ear stimuli seem to re-
flect underlying asymmetry in processing between the
left and right hemispheres. Unlike many phenomena that
may be seen only in western societies, it seems that the
REA can be taken into account as a phenomenon of hu-
man perception on a global scale [36]. Not all people
show REA in DL tasks. About 15-20% of right-handed
people show no ear advantage or may even show LEA
during the evaluations. The prevalence of LEA in chil-
dren is high as 20%. It is common in children with learn-
ing, language, reading, and phonological problems [37].

DL tests are included in the test batteries because ab-
normal results can be found in the presence of auditory
processing disorder. As a result, an LEA may suggest a
sensory deficit, which is related to the right-hemisphere
dominance. The etiology of right-hemispheric language
dominance and ear advantage are not well known. At-
tention or other supramodal factors can be responsible
for some of these ear advantages [36, 37]. The effect of
LEA under the FL condition shows cognitive control
and inhibition, which needs to detect the correlation be-
tween neuroanatomical and neurophysiological aspects
of behavioral effects [17]. Thomsen et al. used functional
magnetic resonance imaging (fMRI) with contrast agents
and found significant activation of the anterior cingulate
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cortex, middle frontal gyrus, and inferior parietal lobe
under the FL condition; however, no significant activa-
tions were observed under the FR condition [27]. This
indicates neuroanatomical correlates of LEA under the
FL condition in cortical regions, which are found when
there are cognitive control and inhibitory responses [17].

The prevalence of right-hemisphere dominance is
1-5% [38, 39]. Moreover, DL studies using speech
stimuli in normal adults and patients with epilepsy [40-
43] have confirmed that REA can predict the left-hemi-
sphere advantage, but LEA cannot be an indicator of the
right-hemisphere advantage [37]. After more than five
decades of research in this area, there is still no com-
prehensive study that can show LEA on a group basis
using a verbal DL task. The magnitude of REA may vary
between groups. The remarkable point is the emergence
of this advantage from childhood to an older age. This
advantage can be found in both genders and both right-
and left-handed people [36].

As mentioned before, it has been proven that REA
can be manipulated by changing instructions (top-down
approach) and stimulus characteristics (bottom-up ap-
proach). Top-down approach is often used by instructing
the participant to focus only on the auditory stimuli de-
livered to one ear. Individuals in a NF condition need to
repeat the stimuli easily and clearly heard from any ear,
while under FR attention condition, their REA score usu-
ally increases compared to the NF condition. Training
the individuals under FL attention condition reduces the
REA or even can increase the LEA. The manipulation
of bottom-up factors includes the change of stimulus in-
tensity presented to the ears [8]. Hagdual et al., revealed
that changing the intensity of stimuli can change the ear
advantage. The gradual reduction in the intensity of left-
ear stimuli at 3 dB and keeping the intensity of the right-
ear stimuli constant, increase the REA linearly, while a
gradual decrease in the intensity of right-ear stimuli and
keeping the intensity of left-ear stimuli constant results
in a linear decrease in REA leading to LEA [44].

Since both top-down and bottom-up manipulations af-
fect the REA in DL using verbal stimuli, some questions
arise: What are the combined effects of these manipula-
tions? Does the increase of the stimulus’s intensity in one
ear (bottom-up factor) abolish the ability to manipulate
and transfer the ear advantage to the other ear by training
the individual to focus attention on one ear (top-down
factor)? Can the cognitive control (top-down factor)
overcome the intensity of the two competing stimuli
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(bottom-up factor)? Which factor (top-down or bottom-
up) has more power to overcome the other? [8]. Bloch
and Hellige performed a DL study to perceive how these
two factors interact with each other. They used three in-
tensity conditions (equal stimulus intensity in both ears,
and the stimulus intensity in one ear>10 dB in other ear)
during three different attention conditions (NF, FR, and
FL). According to them, there was no significant rela-
tionship between altering attention and intensity, indicat-
ing that the effects of top-down and bottom-up factors
seems to be independent of each other [3]. Tallus et al.
applied Bloch and Hellige’s method with an intensity dif-
ference of 15 dB between the ears. Their study showed
a significant relationship between attention and intensity
level, and the effect of attention was more negligible
when the focus was on the same ear while the intensity
was different. Thus, it seems that the interactions be-
tween top-down and bottom-up factors relies on the level
of stimulus intensity [45]. A research was conducted by
Westerhassen et al. to resolve this contradiction, where
a DL test was performed on 35 right-handed individuals
with normal hearing. The stimuli were changed by vary-
ing bottom-up factors. The stimuli intensity difference
varied from —21 dB HL in favor of the left ear to +21 dB
HL in favor of the right ear. The top-down factors were
manipulated at three different attention conditions (NF,
FR, and FL). A considerable interaction was found be-
tween top-down and bottom-up manipulations in terms
of ear advantage. Their results revealed that the direct-
ing attention was reduced when the intensity difference
favored the attended ear. Therefore, bottom-up intensity
and top-down attention manipulation should not be con-
sidered independent from each other, but rather interact-
ing factors in a DL situation during the manipulation of
the ear advantage [8].

Conclusion

Dichotic listening (DL) tests are common due to their
non-invasiveness and detecting the hemisphere domi-
nant for language processing, where different stimuli are
delivered simultaneously to the ears. Based on the pre-
vious studies, factors such as the ear advantage, work-
ing memory, attention, top-down and bottom-up factors
should be considered in addition to the type, intensity,
and concurrence of stimuli. The results of DL studies can
be affected and the probability of obtaining contradicting
results can increase if these factors not been taken into
account. The ear advantage in DL depends on the level
of speech analysis and the type of used stimulus which
are specialized in each hemisphere. Attention conditions
seem to involve different cognitive processes when pre-
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senting stimuli to the ears; in the forced left (FL) condi-
tion, people need to process a weak stimulus in the pres-
ence of a more competitive stimulus, and the brain has to
use more areas of the hemisphere to receive and respond
to the speech stimuli successfully. As memory load in-
creases, bottom-up processing is needed because of the
anatomical structure of the auditory pathways. Hence,
an enhanced right ear advantage (REA) can be observed
when the memory load increases. Regarding the gender
effects, men seem to be more lateralized in verbal tasks
compared to women. Forced attention to the right ear
usually increases the REA compared to the non-forced
(NF) condition. Training to focus on the left ear reduces
the REA or even can increase left ear advantage (LEA).
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