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SCIENTIFIC FEATURES

WORKING IN AND WITH NOISE: THE IMPACT OF AUDIO ENVIRONMENT
ON ATTENTION

Charles S. Wasserman, Natasha Segool

Department of Psychology, University of Hartford, West Hartford, Connecticut, USA

This study examined the relationship between audio environment and attention. Although
background noise has generally been assumed to be distracting, recent research has
suggested that the opposite may be true. Attention was assessed in 27 participants using a
continuous performance test under three different noise conditions: exposure to ambient
noise (the control), pink noise, and a television audio track. Participants’ attention was sig-
nificantly improved in pink noise as compared to the ambient noise, whereas no differences
were found between the ambient and television conditions. These findings suggest that not
all noise is created equal when it comes to paying attention.

Every student has his or her own preferred
environment in which he or she chooses to
study or do work. Some flock to the library,
whereas others retreat to the privacy and
solace of their dorm rooms. Both locations
include the primary requirements for the task
at hand: desks with chairs, space to read or
take notes, and outlets to plug in a laptop to
complete assignments. The main difference
between these two locations is the environ-
ment around the student. Some students enjoy
the presence of friends or other students
around them while they study; others write
messages of ‘‘Do Not Disturb’’ on their
dorm-door whiteboards. Similarly, some
students prefer silence in order to work well,
whereas others listen to music, talk, or use
white or pink noise tracks on their music
players.

It is this last factor, the person’s preferred
‘‘audio environment,’’ on which this article
focuses. Intuition would suggest that the qui-
eter an environment is, the easier it will be to

work effectively in that environment. However,
recent research has shown that the opposite
may be true. Shih, Huang, and Chiang (2009)
evaluated individuals’ concentration on work
in environments with and without music. Their
results were surprising; although the group that
listened to music while taking the test did score
the lowest, the group that listened to music just
prior to the test actually scored significantly
higher than the controls that took the test with
no music. Alternatively, Wohlwill, Nasar,
DeJoy, and Foruzani (1976) found that scores
on a performance task were not affected by
noise; however, subjects working in the noisy
environment reported higher levels of
frustration and gave up faster when given an
unsolvable task. This suggests that noise can
affect task persistence and emotional regu-
lation in challenging situations. Results such
as these have encouraged school systems to
install classroom sound systems to address
what seems to be a downward trend in aca-
demic performance by providing the ideal level
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background noise for students (Samuels,
2007).

Other researchers have conducted similar
work; however, instead of using music, they
are using audio noise of differing frequencies,
(e.g., white or pink noise). The terms ‘‘white’’
or ‘‘pink’’ noise refer to the power density-to-
frequency ratio of the noise and are deter-
mined by the color of light waves that have a
similar frequency profile (i.e., the frequency
profile that makes up pink noise is shared by
pink light waves; McDonnell & Abbott,
2009). Research has shifted to using this type
of noise instead of music, as it lends itself to
being easily repeated over time and decreases
the amount of complex variables that are intro-
duced by using music that consists of variations
of tone, pitch, tempo, and lyrics. This present
study adds to this emerging literature by
specifically examining the effect of audio
environment on a person’s performance on
an attention task. The following sections
address the assessment of attention and the
effect that noise may have on attention.

WORKING IN AUDIO NOISE

The idea that noise is distracting to work com-
pletion is not usually questioned, but because
some people claim to work better while listen-
ing to music or watching television, there is a
need to find out how much of an effect noise
has on task performance in comparison to
completing the task in a quiet environment.
Wohlwill et al. (1976) showed that scores on
a performance task were not affected by noise;
however, the subjects who worked on the per-
formance task in the noisy environment had
higher levels of frustration and gave up earlier
when given an unsolvable task. This showed
that although there may not be impairment
to performance due to a noisy environment,
it is clear that noise can affect human behavior
in challenging situations. These results raise
questions about how attention interacts with
audio stimuli. The following sections address
how attention is assessed and how noise may
have a positive effect on attention.

Assessing Attention

Attention is defined as the element of cognitive
functioning in which mental focus is main-
tained on a specific issue, object, or activity.
The ability to accurately assess someone’s abil-
ity to pay attention is very useful in the world of
psychology. With more and more children
being diagnosed with attention disorders based
solely on symptoms, it is beneficial for the field
to develop more objective ways of evaluating
them. Different objective measures of attention
have been developed and are considered
variations on a continuous performance test
(CPT). Many different versions of CPTs have
been developed, some specifically for use in
identifying attention deficit hyperactivity dis-
order (e.g., Llorente et al., 2008) and others
for more general use (e.g., Homack & Riccio,
2006).

The main differences in versions of the CPT
are centered around the original intention of
the test designers, for example, whether they
intended their CPT to be used to help diagnose
a clinical population, such as the Tests of
Variables of Attention (Llorente et al., 2008),
or to be used in a wider range of applications
including clinical diagnosis as well as research,
such as the Conner’s CPT (Homack & Riccio,
2006). CPTs come in many different forms.
However, the basic form of the CPT remains
fundamentally constant. During a generic
CPT, the subject will be seated in front of a
computer screen and given access to the com-
puter mouse, or some other type of clicker
device. The subject is instructed that the com-
puter screen will display a series of letters, one
at a time. The subject is instructed to click the
mouse or other device every time a new letter
is shown, except when that letter is an X. Once
the test begins, the computer keeps track of the
subject’s reaction times as well as the different
types of errors made by the subject.

There are two basic types of errors that are
tracked during a CPT. The first is called an error
of omission. An error of omission is when a
subject fails to submit a click response when
he or she should have during the test; for
example, not clicking when the subject is
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presented the letter A would constitute an
error of omission. The second type of error that
is tracked in a CPT is an error of commission.
An error of commission is when the subject
submits a click response when he or she should
not have; for example, submitting a click
response when the subject is presented with
the letter X would constitute an error of
commission.

All of the data collected by the CPT are
used to gain a picture of the quality of the sub-
ject’s ability to pay attention. When compared
to a score normed for age and gender, the test
is also able to identify specific types of deficits
in attention (i.e., impulsivity) and decision
making based on this data. This information
may be valuable when trying to evaluate a sub-
ject to see if he or she should be diagnosed
with attention deficit hyperactivity disorder
(ADHD), and the results can give clinicians
clues as to which type of medications may
work best for that patient (Homack & Riccio,
2006).

Ballard (2001) looked at some of the differ-
ences between the available versions of the
CPT. They showed that although several ver-
sions are more or less susceptible to different
types of attention errors, all of the CPTs evalu-
ated were of the same level of reliability in
evaluating a subject’s general ability to have
continuous focused attention (Ballard, 2001).
Thus, although some CPTs are better in certain
clinical situations, CPTs are an overall accurate
measurement of a subject’s continuous
attention.

Audio Environment’s Impact on
Attention

Anyone who has tried to listen, focus, or com-
plete work while a building is under construc-
tion is well aware of how distracting
background noise can be. Previous research
on work efficiency suggests that performance
tends not to be optimal in a silent environment
or in a very noisy environment. Rather, there is
an ideal level of background noise that facili-
tates maximum work efficiency (Ballard,
2001; Shih et al., 2009). Research also suggests
that placing those diagnosed with ADHD in an

environment with certain levels of background
noise decreases some of their symptomology
(Swingle, 2008). More important, however, is
the finding that this ‘‘ideal’’ level may differ
among different populations. Söderlund,
Silkström, and Smart (2007) compared the
cognitive performance of controls with subjects
diagnosed with ADHD while exposed to white
noise. They found that although the white
noise was a hindrance to the controls, it
actually increased cognitive performance in
the subjects with ADHD.

With respect to attention, Fosnaric and
Planinsec (2008) examined attention among
20 male adolescents (M age¼ 13.5 years) while
completing a task under many different stres-
sors, such as changes in temperature, lighting,
and noise. It was found that audio environ-
ment was most related to task performance.
On all four of the study variables—errors of
commission, errors of omission, correctly
answered responses, and correctly omitted
responses—subjects performed significantly
better when the background noise level was
optimized for task completion as opposed to
when the noise level was at a maximum or
the task was performed in silence. This result
further supports the theory that attention may
be optimized with a specific amount of audio
noise in the environment.

Alternatively, Dosher and Lu (2000) con-
ducted a complex study in which four sub-
jects were trained to first detect and later
differentiate between four different audio
cues and some additional invalid cues. They
then evaluated the subjects’ ability to perform
identification and differentiation tasks in both
quiet and noisy environments (with varying
degrees of noise-to-signal ratio). Results sug-
gest that the addition of noise had no signifi-
cant effect on the subjects’ ability to
complete the task, regardless of ratio. How-
ever, it should be noted that the nonsignifi-
cant finding might be attributed to Dosher
and Lu’s reliance on a dichotomous attention
score (success vs. failure) as opposed to a
measure such as a CPT that is scored on a
continuous scale, allowing for greater range
of scores.
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In explaining why background noise did
not affect performance in their study, Dosher
and Lu (2000) reference a neural mechanism
called the thalamic filter. Located in the
forebrain, the thalamic filter helps to filter out
ambient sensory inputs so that a person can
focus on the largest and most intense sensory
input. This prevents the individual from being
completely distracted by even the slightest
sound (Huertas, Groff, & Smith, 2005). Dosher
and Lu (2000) believed that a similar mech-
anism is responsible for helping to filter out
background noise while we concentrate. These
claims have not yet been investigated in
human beings; however, many studies have
used computer models of human neural net-
works to demonstrate the plausibility of this
theory, and even show that certain sounds
could possibly enhance performance. To
explain this theoretical background noise filter,
they rely on a physics phenomenon called
stochastic resonance (Balenzuela, Braun, &
Chialvo, 2012; Kawaguchi, Mino, & Durand,
2011).

Stochastic Resonance

In physics, noise is thought of as any random
signal in the system that is not the primary sig-
nal of focus. In an audio system, the noise is
categorized by its frequency, measured in
Hertz (Hz) and different frequency ranges are
named after colors. The way noise interacts
with the primary signal of interest is affected
by many different factors, the largest being
the type of system (McDonnell & Abbott,
2009). There are two basic types of systems,
linear and nonlinear systems (Balenzuela et al.,
2012). Linear systems are defined as systems in
which signals correlate with each other in first
order (e.g., y¼ 2x) and nonlinear systems are
simply defined as any system that is not linear
in nature (e.g., y¼ x2þ b). Stochastic reson-
ance (SR) occurs in nonlinear systems (Ward
& Kitajo, 2005).

One of the defining characteristics of a lin-
ear system is that any noise is detrimental to
the transmission of the primary signal of inter-
est. The stochastic resonance theory states that,
in a nonlinear system, there is a specific

amount and type of noise that can increase
the speed and quality of the transmission of
the primary signal of interest (Balenzuela
et al., 2012). In other words, SR is ‘‘the pres-
ence of noise in a nonlinear system [that] is
better for output signal quality than its
absence’’ (McDonnell & Abbott, 2009, p. 1).
Introduced in 1980, SR theory has only
recently been applied to the mechanisms of
information transfer in the human brain.

The transmission of signals through the
human brain is nonlinear in nature (Kawaguchi
et al., 2011). In 2010, Mino and Durand
showed that stochastic resonance could play
a key role in increasing the speed of trans-
mission of neural signals in the hippocampal
CA1 region of the brain using a computer
model. Further, Kawaguchi et al. (2011) used
a computer simulation of a neural network to
conclude that there was evidence to support
the presence of SR inside a neural system. They
found that by adding audio noise to the simula-
tion, the speed of transmission in the hippo-
campal CA1 region increased; however, they
also showed that too much noise started to
have the opposite effect. This means that it is
possible that there is a specific type and
amount of background noise that could
increase the rate of the transmission of electro-
chemical signals from neuron to neuron in the
hippocampal CA1 region of the brain.
Kawaguchi et al. concluded from their models
that SR could account for the background noise
having an effect on the speed of the brain’s sig-
nal processing and transmission. The key is that
the type and ratio of background-to-signal
noise introduced to the system must be precise
and constant to have an SR-like effect on the
speed of transmission in the brain.

In a clinical setting, the plausibility of the
SR phenomenon affecting human attention
and cognition for certain populations has some
anecdotal support (Ward & Kitajo, 2005). As
previously mentioned, Söderlund et al. (2007)
conducted a study in which the cognitive
performance of subjects with ADHD was
evaluated while they were placed in an
environment with white noise (a signal that
has equal intensity in all relevant frequencies;
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see Figure 1). Subjects were given three tasks
to perform: a high memory performance task,
a verbal task, and a low memory task. The
subjects with ADHD who were tested in the
presence of white noise had significantly higher
scores than their control counterparts, suggest-
ing that this specific frequency of noise may
enhance functioning.

Because SR may affect the way our brains
respond to background noise, how does this
apply to attention in applied settings? Let us
consider a student who is diligently studying
in his or her room: the music is on, and the stu-
dent pores over a textbook highlighting and
taking notes on a pad. Is SR at work? The
answer is, probably not (Dosher & Lu, 2000).
Although some people may claim that music
playing in the background helps them pay
attention to their work, SR theory does not sup-
port this claim. For any benefit to be gained
from SR, noise would have to be delivered at
a highly specific audio frequency (in relation
to the signal of interest). This noise would be
similar to the type of background buzz that
can be heard on some older speakers.

Unfortunately, there is no research that
provides any evidence to support the SR occur-
ring in a living human brain because all
research has been limited to computerized
neural simulations. Although previous studies
have examined the effects of external noise
on work efficiency, there has yet to be an

in-depth look at noise’s effect on attention. If
neural stochastic resonance were to be shown
in a human study, it would open up a myriad
of new possible lines of research in the area
of neural acoustics. This could have a major
impact in treatment methods for people diag-
nosed with neuropsychological disorders
affecting attention. Although not studying SR
directly, the purpose of this study was to
explore the effect that different types of back-
ground noise have on a person’s ability to
pay attention. For example, if pink noise fre-
quencies provide an increase in attention
scores, then this could provide another piece
of supporting evidence for research into the
plausibility of a SR-like phenomenon in the
human brain.

The Present Study

This pilot study examined the relationship
between attention and different types of
background noise. This study tested subjects’
attention while being exposed to multiple
types of external noise, including pink noise,
ambient noise, and complex noise produced
through exposure to a television audio track.
Although there is not any research into the
specific effects of pink noise on attention (as
measured by a CPT), this frequency profile
(Figure 2) is commonly used in products claim-
ing to provide the ideal background noise for
studying.

FIGURE 1. White noise frequency profile. (Color figure available
online.)

FIGURE 2. Pink noise frequency profile. (Color figure available
online.)
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RQ1: Does the addition of complex tele-
vision noise in a subject’s audio
environment affect his or her atten-
tion compared to a control audio
environment?

Hypothesis. Based on work by Ward and Kitajo
(2005), we hypothesized that
exposing a subject to television
noise would have a negative effect
on the subject’s attention.

RQ2: Does the addition of pink noise in a
subject’s audio environment affect
his or her attention compared to a
control?

Hypothesis. Although there is a lack of research
into the effects of pink noise, we
hypothesized that exposing a sub-
ject to pink noise would have some
effect (either positive or negative) on
the subject’s attention.

METHOD

Participants

Participants for this study were 27 undergrad-
uate psychology students (male¼ 14.8%). Sub-
jects were recruited from a university subject
pool. Participants ranged from 18 to 53 years
of age (M¼ 19.5). Participants could not carry
a diagnosis of ADHD or any other disorder
involving attention. Based on a power analysis
assuming a medium effect size (f¼ .25) and a
within-subjects design, using a repeated mea-
sures analysis of variance analysis, a subject
sample size of 28 participants should yield a
power value greater than 0.8.

Measures

Continuous Performance Test. The CPT is
a visual paradigm used for the evaluation of
attention as well as the response inhibition
component of executive control. It represents
an effort to incorporate reliable and objective
assessment into evaluations for ADHD and
other neurological disorders (Ballard, 2001;
Homack & Riccio, 2006; Llorente et al.,
2008). The test poses no significant risk to the
subject beyond what is normally incurred by
viewing a computer screen and clicking a but-
ton. The CPT used in this study was conducted
with Thought Technology equipment. It con-
sists of a game-show-style clicker (Figure 3) that

the subject presses in response to a target
stimulus (Figure 4) and does not press in
response to a nontarget stimulus (Figure 5).
During each of the three conditions (ambient
noise, pink noise, and TV noise), subjects com-
pleted two phases (high and low target ratio)
for a total of six phases of testing. The high tar-
get ratio phase was defined as a ratio of 3.5:1
targets to nontargets; in the low target ratio
phase, that ratio was reversed. Data on the
subjects’ reaction times, as measured by the
delay between when a target stimulus was pre-
sented (as recorded by a photo-cell sync; see
Figure 6) and when the subjects activated the
clicker, as well as errors of omission and com-
mission, were recorded using the Thought

FIGURE 3. Continuous performance test clicker.

FIGURE 4. Continuous performance test target stimulus.
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Technology software. All of the data were
saved for later analysis.

Questionnaire. Subjects were asked to
answer questions from a brief questionnaire,
which included questions about demographic
information and the types of audio distractions
they usually have in their typical study environ-
ment (see Table 1).

Procedure

Subjects, one at a time, were seated in a small
room in front of a computer. The room had a
speaker in order to produce different audio
environments in which the subject was given
the CPT. Subjects were asked demographic
questions and then were administered the
CPT. The three conditions were control (ambi-
ent room noise), pink noise, and a prerecorded

section of audio from a television sitcom. The
order of these tests was randomized for each
subject to attempt to control for any learning
or fatigue effects during the CPT. The test–retest
reliability of CPTs depends highly on the length
of the test and the amount of time between
each phase of the test (Llorente et al., 2008).
Following the CPT, the subjects answered ques-
tions about their audio preferences and their
perceived performance. Subjects were then
provided with a written debriefing.

Data Analysis

All of the data were collected and analyzed
using a repeated measure analysis of covari-
ance (ANCOVA) to examine relationships
between the different noise environments
and attention scores. Specifically, we looked
at the total percentage of correct target
responses (Response %), the total percentage
of correct nontarget responses (Inhibit %),
and average response time in milliseconds
across the three conditions.

RESULTS

Participants’ mean scores on the CPT are sum-
marized in Table 2. To examine the hypoth-
eses that attention would be affected by
audio environment, an ANCOVA was run
using Response % and Inhibit % from all con-
ditions as covariates. The rationale for includ-
ing the measures of error as covariates was
based on their connection to the reaction time
scores. It is known that there are inherentFIGURE 6. Continuous performance test fiber optic sync.

FIGURE 5. Continuous performance test nontarget stimulus.

TABLE 1. Participant’s Demographic Information and Study
Habit Data

Gender M Age

% who
converse
while
studying

% who have
the TV on
while studying

% who listen
to music
while studying

Malea 20.25 50.00 75.00 100.00
Femaleb 21.13 47.83 39.13 78.26
Totalc 21.00 48.10 44.40 81.50

an¼4.
bn¼ 23.
cN¼27.
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relationships between a participant’s reaction
time scores and the amount and type of errors
that they produce (Homack & Riccio, 2006;
Llorente et al., 2008). For example, a faster
reaction time increases the likelihood of errors
of commission. Mauchly’s test indicated that
the assumption of sphericity had been upheld,
v2(2)¼ .459, p¼ .795. The results of the
three-way ANCOVA show that participants’
reaction time was significantly affected by the
audio condition they were in: control, pink
noise, or TV sitcom noise, F(2, 40)¼ 4.32,
p¼ .02, d¼ .95. Two-way ANCOVA post hoc
analyses were used to examine significant dif-
ferences between each of the audio conditions
using Reponse % and Inhibit % as covariates.
These data indicated that there was a signifi-
cant difference in participants’ reaction times
between the control condition and the pink
noise condition, F(1, 22)¼ 4.27, p¼ .05,
d¼ .88. Specifically, participants’ reaction
times were significantly faster in the pink noise
condition than in the control condition
(M¼ 270.76 vs.M¼271.49). There was no sig-
nificant difference in participants’ reaction
times between the control condition and the
TV sitcom noise condition, F(1, 22)¼ 2.00,
p¼ .17, d¼ .60, or between the TV sitcom

condition and the pink noise condition, F(1,
22)¼ 0.053, p¼ .82, d¼ .09.

DISCUSSION

The researchers examined two specific hypoth-
eses about the effect of audio environment on
attention. Contrary to the subject’s common
studying practices, wherein 44% studied with
the television on and 82% studied while listening
to music, the researchers hypothesized that the
complex soundof a television sitcomwould impair
attention. In addition, on the basis of previous
research and the hypothesized construct of stoch-
astic resonance in the human brain, we hypothe-
sized that attention in the pink noise would differ
from attention in the control condition.

Participants’ mean reaction times in the
three different audio conditions indicate, part-
icipants’ reaction times were slower in the con-
trol (M¼ 271.49) condition than in the pink
(M¼ 270.76) and TV sitcom (M¼ 269.89)
noise conditions (see Table 2). To evaluate
whether these differences were significant, an
ANCOVA was run using the different types of
errors as covariates in the analysis. The data
show a statistically significant difference
between subjects’ reaction times across the

TABLE 2. Descriptive Data for the Continuous Performance Test Variables in Different Conditions and ANCOVA
Results

Descriptive data ANCOVA results

M SD f p Cohen’s d

Reaction time (ms)
Control condition 271.49 33.81
TV sitcom noise condition 269.89 34.02
Pink noise condition 270.76 32.66

Control v. pink noise v. TV sitcom noise 4.32 0.02 0.953
Control v. TV sitcom noise 1.998 0.172 0.602
Control v. pink noise 4.268 0.05 0.879

TV Sitcom noise v. pink noise 0.053 0.82 0.09
% Error of omission
Control condition 0.97 1.38
TV sitcom noise condition 1.81 4.07
Pink noise condition 1.53 3.64

% Error of commission
Control condition 3.71 3.82
TV sitcom noise condition 4.97 5.23
Pink noise condition 5.06 3.94

Note. ANCOVA¼ analysis of covariance.
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three conditions, F(2, 40)¼ 4.32, p¼ .02,
d¼ .95. Post hoc analyses were run to examine
where the differences in attention were.

Post hoc analyses found that there was no
statistically significant difference between part-
icipants’ reaction time scores between the con-
trol and TV sitcom noise conditions. This result
suggests that participants’ speed in responding
to the visual stimuli presented during the
CPT was similar across the TV sitcom audio
environment and the ambient control audio
environment. This outcome contradicts the
researcher’s first hypothesis and suggests that
the TV sitcom noise did not impair participants’
response time in a CPT attention task.

Post hoc analyses of participant’s reaction
time in the control and pink noise conditions
identified a statistically significant difference
between participants’ reaction time scores
across conditions, F(1, 22)¼ 4.27, p¼ .05,
d¼ .88. Participants’ reaction times were
significantly faster in the pink noise condition
(M¼ 270.76) as compared to the ambient noise
control condition (M¼ 271.49). Thus, contrary
to conventional thinking, these findings suggest
that complex television noise did not impair
attention, while pink noise, or a signal that
has combines relevant frequencies with
decreasing intensity, decreased reaction times
in comparison to the control. These results lend
some credence to products marketing pink
noise producers as increasing attention.

These findings also lend indirect support to
the theory of stochastic resonance, which poses
that there is a specific amount and type of back-
ground noise that may increase the speed and
effectiveness of a nonlinear system (in this case,
the neural network in the human brain). Further,
because this decrease was present in the pink
noise but not the TV sitcom noise condition,
the generally accepted theory of stochastic reson-
ance that only a specific type of noise, and not
noise in general, may have a beneficial effect
on a neural network is supported (Kawaguchi
et al., 2011; Söderlund et al., 2007).

Limitations

The primary threat to the internal validity of
this study was that participants’ scores on the

CPT could increase with each attempt due to
a learning effect. To try to counteract this learn-
ing effect, the study design randomized the
order in which the subjects completed the
three conditions (ambient noise, TV sitcom,
and pink noise). The external validity of this
study is limited to a nonclinical population. In
future research it is recommended that the
sample size and diversity be increased in order
to increase the external validity of the results.
This study was limited to the use of a university
subject pool and as such, all of the participants
were college students. This means that
although the data are valuable and useful when
talking about a college student population, it is
difficult to generalize these results to any
group outside of that population. Specifically,
research with younger, grade school aged chil-
dren would be of great interest. Similarly,
geriatric populations and clinical populations,
including those suffering from attention disor-
ders such as ADHD, would be of interest.

It is also recommended that a more difficult
CPT be used in order to allow for more sensi-
tivity in the testing differences in attention.
Researchers found that the CPT used in this
experiment (while effective) was generally easy
for participants and that a more challenging
test may be more effective in identifying differ-
ences in attention. Similarly, formulating a test
that more closely mimics the type of attention
required to do real-life tasks would be ben-
eficial in that it would be a better gestalt of
attention in real-world (practical) applications.

Future Research

In future research into this area, it is suggested
that an expanded sample is used. This study
was limited to the use of a university subject
pool and, as such, all of the participants were
college students. This means that although
the data are valuable and useful when talking
about a college student population, it is diffi-
cult to generalize these results to any group
outside of that population. Specifically,
research with younger, grade school aged chil-
dren would be of great interest. Similarly,
geriatric populations and clinical populations,
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including those suffering from attention disor-
ders such as ADHD, would be of interest.

It is also suggested to establish a more
effective tool to measure attention. Research-
ers found that the CPT used in this experiment
(while effective) was generally easy for
participants and that a more challenging test
may be more effective in identifying differ-
ences in attention. Similarly, formulating a test
that more closely mimics the type of attention
required to do real-life tasks would be ben-
eficial in that it would be a better gestalt of
attention in real-world (practical) applications.

REFERENCES

Balenzuela, P., Braun, H., & Chialvo, D. (2012).
The ghost of stochastic resonance: An introduc-
tory review. Contemporary Physics, 53, 17–38.
doi:10.1080=00107514.2011.639605

Ballard, J. C. (2001). Assessing attention:
Comparison of response-inhibition and tra-
ditional continuous performance tests.
Journal of Clinical and Experimental Neurop-
sychology, 23, 331–350.

Dosher, B. A., & Lu, Z. L. (2000). Noise
exclusion in spatial attention. Psychological
Science, 11, 139–146.

Fosnaric, S., & Planinsec, J. (2008). Prediction of
work efficiency in early adolescence under the
effects of noise. Adolescence, 43, 165–175.

Homack, S., & Riccio, C. A. (2006). Conners’
continuous performance test 2nd ed. Journal
of Attention Disorders, 9, 556–558.

Huertas, M. A., Groff, J. R., & Smith, G. D.
(2005). Feedback inhibition and throughput
properties of an integrate-and-fire-or-burst
network model of retinogeniculate trans-
mission. Journal of Computational Neu-
roscience, 19, 147–180.

Kawaguchi, M. G., Mino, H., & Durand, D.
(2011). Stochastic resonance can enhance
information transmission in neural networks.
IEEE Transactions on Biomedical Engineering,
58, 1950–1958. doi:10.1109=TBME.2011.
2126571

Llorente, A., Voigt, R., Jensen, C., Fraley, J.,
Heird, W., & Rennie, K. (2008). The Test of
Variables of Attention (TOVA): Internal con-
sistency (q1 vs. q2 and q3 vs. q4) in children
with attention deficit=hyperactivity disorder
(ADHD). Child Neuropsychology, 14, 314–
322. doi:10.1080=09297040701563578

McDonnell, M. D., & Abbott, D. (2009). What is
stochastic resonance? Definitions, misconcep-
tions, debates, and its relevance to biology.
PLoS Computational Biology, 5, e1000348.
doi:10.1371=journal.pcbi.1000348

Mino, H., & Durand, D. (2010). Enhancement
of information transmission of sub-threshold
signals applied to distal positions of dendritic
trees in hippocampal ca1 neuron models
with stochastic resonance. Biological Cyber-
netics, 103, 227–236. doi:10.1007=
s00422-010-0395-5

Samuels, C. A. (2007). Some researchers call
for classroom sound systems. Education
Week, 26, 8.

Shih, Y. N., Huang, R. H., & Chiang, H. S.
(2009). Correlation between work concen-
tration level and background music: A pilot
study. IOS Press, 33, 329–333.
doi:10.3233=WOR-2009-0880
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