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Abstract  
This study examines when external auditive 
noise can enhance performance in a dichotic 
listening and a visuo-spatial working memory 
task. Noise is typically conceived of as being 
detrimental for cognitive performance; how-
ever, given the mechanism of stochastic reso-
nance (SR), a certain amount of noise can 
benefit performance. In particular we predict 
that low performers will be aided by noise 
whereas high performers decline in perform-
ance during the same condition. Data from two 
experiments will be presented; participants 
were students at Stockholm University.  

Introduction 

Aim  
The aim of this study is to further investigate 
the effects of auditory white noise on attention 
and cognitive performance in a normal popula-
tion. Earlier research from our laboratory has 
found that noise exposure can, under certain 
prescribed settings, be beneficial for perform-
ance in cognitive tasks, in particular for indi-
viduals with attentional problems such as At-
tention Deficit/Hyperactivity Disorder (ADHD) 
(Söderlund et al., 2007). Positive effects of 
noise was also found in a normal population of 
school children among inattentive or low 
achieving children (Söderlund & Sikström, 
2008). The purpose of this study is to include 
two cognitive tasks that has not earlier been 
performed under noise exposure. The first task 
is the dichotic listening paradigm that measures 
attention and cognitive control.   The second 
task is a visuo-spatial working memory test that 
measures working memory performance. Par-
ticipants were students at Stockholm Univer-
sity. 

Background 
It has long been known that, under most cir-
cumstances, cognitive processing is easily dis-
turbed by environmental noise and non-task 

compatible distractors (Broadbent, 1958). The 
effects hold across a wide variety of tasks, dis-
tractors and participant populations (e.g. 
Boman et al., 2005; Hygge et al., 2003). In con-
trast to the main body of evidence regarding 
distractors and noise, there has been a number 
of reports of counterintuitive findings. ADHD 
children performed better on arithmetic’s when 
exposed to rock music (Abikoff et al., 1996; 
Gerjets et al., 2002). Children with low socio-
economic status and from crowded households 
performed better on memory test when exposed 
to road traffic noise (Stansfeld et al., 2005). 
These studies did not, however, provide satis-
factory theoretical account for the beneficial 
effect of noise, only referring to general in-
crease of arousal and general appeal counteract-
ing boredom. 

Signaling in the brain is noisy, but the 
brain possesses a remarkable ability to distin-
guish the information carrying signal from the 
surrounding, irrelevant noise. A fundamental 
mechanism that contributes to this process is 
the phenomenon of stochastic resonance (SR). 
SR is the counterintuitive phenomenon of 
noise-improved detection of weak signals in the 
central nervous system. SR makes a weak sig-
nal, below the hearing threshold, detectable 
when external auditory noise is added (Moss et 
al., 2004). In humans, SR has also been found 
in the sensory modalities of touch (Wells et al., 
2005), hearing (Zeng et al., 2000), and vision 
(Simonotto et al., 1999), all in which moderate 
noise has been shown to improve sensory dis-
crimination. However, the effect is not re-
stricted to sensory processing as SR has also 
been found in higher functions e.g., auditory 
noise improved the speed of arithmetic compu-
tations in a group of school children (Usher & 
Feingold, 2000). SR is usually quantified by 
plotting detection of a weak signal, or cognitive 
performance, as a function of noise intensity. 
This relation exhibits an inverted U-curve, 
where performance peaks at a moderate noise 
level. That is, moderate noise is beneficial for 
performance whereas too much, or too little 
noise, attenuates performance. 
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According to the Moderate Brain Arousal 
(MBA) model (Sikström & Söderlund, 2007), a 
neurocomputational model of cognitive per-
formance in ADHD, noise in the environment 
introduces internal noise into the neural system 
to compensate for reduced neural background 
activity in ADHD. This reduced neural activity 
is  believed to depend on a hypo-functioning 
dopamine system in ADHD (Solanto, 2002). 
The MBA model suggests that the amount of 
noise required for optimal cognitive 
performance is modulated by dopamine levels 
and therefore differs between individuals. 
Dopamine modualtes neural responses and 
function by increasing the signal-to-noise ratio 
through enhanced differentiation between 
background, efferent firing and afferent 
stimulation (Cohen et al., 2002). Thus, persons 
with low levels of dopamine will perform 
inferior in tasks that deserves a large signal-to-
noise ratio. It is proposed that inattentive and/or 
low performing participants will benefit from 
noise whereas attentive or high performers will 
not.  

Experiments 

Experiment 1. Dichotic listening 
Dichotic listening literally means listening to 
two different verbal signals (typically the sylla-
bles ba, da, ga, pa, ta, ka) presented at the same 
time, one presented in the left ear and one in 
the right ear. The common finding is that par-
ticipants are more likely to report the syllable 
presented in the right ear, a right ear advantage 
(REA) (Hugdahl & Davidson, 2003). During 
stimulus driven bottom-up processing language 
stimuli are normally (in right-handers) per-
ceived by the left hemisphere that receive in-
formation from the contralateral right ear in a 
dichotic stimulus presentation situation. If par-
ticipants are instructed to attend to and report 
from the stimuli presented to the left ear, 
forced-left ear condition, this requires top-down 
processing to shift attention from right to left 
ear. Abundant evidence from Hugdahl’s re-
search group has shown that this attentional 
shift is possible to do for healthy persons but 
not for clinical groups distinguished by atten-
tional problems like in: schizophrenia, depres-
sion, and ADHD who generally fails to make 
this shift from right to left ear (Hugdahl et al., 
2003). The forced-left situation produces a con-

flict that requires cognitive control to be re-
solved. 

The purpose with present experiment is  to 
find out whether noise exposure will facilitate 
cognitive control in either forced-left ear, or  
forced-right ear condition in a group of stu-
dents. Four noise levels will be used to deter-
mine the most appropriate noise level. 

Experiment 2. Visuo-spatial WM task 
The visuo-spatial working memory (vsWM) 
test is a sensitive measure of cognitive deficits 
in ADHD (Westerberg et al., 2004). This test 
determines working memory capacity without 
being affected from previous skills or knowl-
edge.  

Earlier research has shown that performing 
vsWM tasks mainly activates the right hemi-
sphere, which indicates that the visou-spatial 
ability is lateralized (Smith & Jonides, 1999). 
Research from our group has found that white 
noise exposure improve performance vsWM in 
both ADHD and control children (Söderlund et 
al. manuscript). This finding rises the question 
whether lateralized noise (left or right ear) ex-
posure during vsWM encoding will affect per-
formance differently.  

The purpose of the second experiment is to 
find out if effects of noise exposure to the left 
ear will differ from exposure to the right ear. 
Control conditions will be noise exposure to 
both ears and no noise. The prediction is that 
noise exposure to the left ear will affect per-
formance in either positive or negative direc-
tion whereas exposure to the right ear will be 
close to the baseline condition, no noise. 

Methods 

Experiment 1. Dichotic listening  

Participants  
Thirty-one students from Stockholm Univer-
sity, aged between 18 and 36 years (M=28.6), 
seventeen women and fourteen men. Twenty-
nine were right-handed and two left-handed.  

Design and material  
The design was a 2 x 4, where attention 
(forced-left vs. forced-right ear) and noise level 
(no noise, 50, 60, and 72 dB) were independent 
variables (within subject manipulations). De-
pendent variable was number of correctly re-
called syllables. Speech signal was 64 dB. In-
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ter-stimulus intervals were 4 seconds and 16 
syllables where presented in each condition. 
Four control syllables (same in both ears) were 
presented in each trial so maximum score was 
12 syllables. Participants were divided into two 
groups after their aggregate performance in the 
most demanding, forced left ear condition, in 
the four noise levels. 

Procedure 
Participants sat in a silent room in front of a 
computer screen and responded by pressing the 
first letter of the perceived syllable on a key-
board. Syllables and noise where presented 
through earphones. Conditions and syllables 
were presented in random order and the ex-
periment was programmed in E-prime 1.2 
(Psychology software). Nine trials of stimuli 
were presented; the first time was the non-
forced baseline condition. The remaining eight 
trials where either forced-left ear or forced-
right ear presented under the four noise condi-
tions. The testing session lasted for approxi-
mately 20 minutes. 

Experiment 2. Visuo-spatial WM task 

Participants  
Twenty students at Stockholm University aged 
18-44 years (M=32.3), 9 men and 11 women. 
Three where left-handed and 17 right handed. 

Design and material 
The design was a 4 x 2, where noise (no noise, 
noise left ear, noise right ear, noise both ears) 
were the within subject manipulation and per-
formance level (high vs. low performers) was 
the between group manipulation. The noise 
level was set in accordance with earlier studies 
to 77 dB. The visuo-spatial WM task (Span-
board 2009) consists of red dots (memory stim-
uli) that are presented one at a time at a com-
puter screen in a four by four grid. Inter-
stimulus intervals were 4 seconds, target is 
shown 2 sec and a 2 sec pause before next tar-
get turns up. Participants are asked to recall lo-
cation, and the order in which the red dots ap-
pear. The working memory load increases after 
every second trial and the WM capacity is es-
timated based on the number of correctly re-
called dots. Participants were divided into two 
groups after their performance in the spanboard 
task, an aggregate measure of their result in all 
four conditions. The results for high performers 

were between 197-247 points (n=9) and low 
performers between 109-177 points (n=11). 

Procedure 
Participants sat in a silent room in front of a 
computer screen and responded by using the 
mouse pointer. The noise was presented in head 
phones. Recall time is not limited and partici-
pants click on a green arrow when they decide 
to continue. Every participant performs the test 
four times, one time in each noise condition. 
Order of noise conditions was randomized.  

Results 

Experiment 1. Dichotic listening 
In the non-forced baseline condition a signifi-
cant right ear advantage was shown. A main 
effect of attention was found in favor for the 
right ear, more syllables were recalled in the 
forced right ear condition in comparison with 
the forced left ear, (Figure 1). There was no 
main effect of noise while noise affected condi-
tions differently. An interaction between atten-
tion and noise was found (F(28,3)=5.66, 
p=.004). In the forced left condition noise ex-
posure did not affect performance at all, the 
small increase in the lowest noise condition 
was non-significant. A facilitating effect of 
noise was found in the forced right ear condi-
tion, the more noise the better performance 
(F(30,1)=5.63, p= .024). 

Figure 1. Number of correctly recalled syllables as a 
function of noise. Noise levels were N1= no noise, 
N2=50 dB, N3=60 dB, and N4=72 dB.  

When participants where divided according to 
performance in the dichotic listening task, noise 
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improved performance for both groups in the 
forced-right ear condition. A trend was found in 
the forced-left condition where high performers 
deteriorated by noise and there was no change 
for low performers (p=.094) 

Experiment 2. Visuo-spatial WM task 
No effect of noise was present when the entire 
sample was investigated. However, when par-
ticipants were divided into two groups based on 
their test performance a two way ANOVA re-
vealed a trend towards interaction between lat-
eralized noise and group (F(16,3)=2.95, 
p=.065). When noise exposure to both ears was 
excluded from the ANOVA it did reach signifi-
cance (F(17,2)=4.13, p=.024). Further interac-
tions were found between group and no noise 
vs. noise left ear (F(18,1)=8.76, p=.008) and  
between left ear and right ear (F(18,1)=4.59, 
p=.046). No interaction was found between 
group and noise right ear vs. noise both ears 
(Figure 2).  

Figure 2. Number of correctly recalled dots as a 
function of lateralized noise. (77 dB; left ear, right 
ear, both ears, or no noise) 

Noteworthy is that the low performing group 
consisted nine women and two men whereas 
the high performing group consisted of two 
women and seven men. However the gender 
and noise interaction did not reach significance 
but indicated a trend (p= .096). 

Paired samples t-test showed that the noise 
increment in left ear for the low performing 
group was significant (t(10)=2.25, p=.024 one 
tailed) and the decrement for the high perform-
ing group in the same condition significant as 
well (t(8)=1.98, p=.042 one tailed). 

Conclusions 
The rationale behind these two studies was to 
investigate effects of noise in two cognitive 
tasks that put high demands on executive func-
tions and working memory in a normal popula-
tion. Results showed that there was an effect of 
noise in both experiments. In the dichotic lis-
tening experiment there was a main effect of 
noise derived from the forced-right ear condi-
tion. In the visuo-spatial working memory task 
there was no main effect of noise. However, 
when you split the group in two, high and low 
performers, you get significant results in accor-
dance with predictions. 

The most intriguing result in the present 
study is the lateralization effect of noise expo-
sure in the visuo-spatial working memory task. 
Firstly, we have shown that the noise effect is 
cross modal, auditory noise exerted an effect on 
a visual task. Secondly, the pattern of high and 
low performers was inverted (in all conditions). 
The lateralization effect could have two possi-
ble explanations; the noise exposure to the right 
hemisphere either interacts with the right-
dominant lateralized task specific activation in 
the visuo-spatial task, or it activates crucial at-
tentional networks like the right dorsolateral 
pre-frontal cortex (Corbetta & Shulman, 2002). 

In the dichotic listening experiment we 
only got effects in the easy, forced-right ear 
condition, that owes a large signal-to-noise ra-
tio. The more demanding forced-left ear condi-
tion may get improved by noise exposure when 
exposed to inattentive, ADHD participants, this 
will be tested in upcoming experiments.  

To gain such prominent group effects de-
spite the homogeneity of the group consisting 
of university students demonstrates a large 
potential for future studies on participants with 
attentional problems, such as in ADHD.  
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