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Abstract
It is common for young adults to resort to illicit means, such as using non-prescription
stimulants, to improve their performance in school. Our study investigated the effects that white
noise masked over ambient noise during cognitive tasks had on stress, in addition to any
correlation with performance, to determine if white noise is an effective study tool to improve
performance and lower stress. We hypothesized stress would be lowest under white noise
masked conditions, while test performance would be highest. Participants were assigned to one
of three listening conditions: white noise, ambient (negative control), or music (positive control).
Three physiological stress indicators (blood pressure, pulse, and electrodermal activity) were
recorded during two separate tests on concentration and planning skills, as well as the score
achieved on the two tests to measure performance. The p-values from the t-tests from the
ambient and the white noise conditions inferred no significant correlations between any of the
physiological measurements (p>0.05). This may mean listening to white noise does not lower
stress, contrary to our hypothesis; but the convergence of all three conditions’ peak locations on
density plots may mean all data recordings are invalid, possibly due to equipment error or a lack
of predictive power of stress by the physiological responses. Additionally, the p-values from the
t-tests from the ambient and the white noise conditions did not reveal any significant correlations
between the scores on the planning or concentration tests (p>0.05). Thus, our data infers that
listening to white noise does not correlate with performance in a mechanism not mediated by
stress, yet further testing is needed to validate the physiological measurements obtained.
Introduction
Young adults are frequently looking for ways to be more productive when it comes to
completing work. Data have shown that in order to improve performance, a significant number
of young adults have resorted to using illegal substances, such as non-prescribed central nervous
system stimulants like Adderall and Ritalin (Arria, et al. 2006). McCabe, et al. (2005) performed
a study which examined 10,904 students from 119 representative, 4-year universities; they found
that 6.9% of the students used non-prescribed stimulants within the last year. In another study,
Advokat, et al. (2008) looked at the relationship between diagnosis of ADHD and licit and illicit
drug use. This study showed that 591 out of 1387 (43%) non-ADHD diagnosed undergraduate
students in a public university claimed to have used non-prescribed stimulants illicitly. The trend
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of abusing prescription stimulants has led to an urgency to find alternative means to improve
performance that do not resort to high-risk behavior and illegal acts.
Studies have implicated psychological stress, which we will refer to as stress, as an
underlying factor in lowering performance (Schwabe, et al. 2010; Vedhara, et al. 2000), while
another study suggested a correlation between stress levels and stimulant use (Verdi, et al. 2014).
A plethora of research has been done in attempts to find effective, noninvasive methods to
improve performance as well as to reduce stress levels. Our study analyzes the impact of white
noise on physiological factors associated with psychological stress while conducting cognitive
tasks in an attempt to find a correlation with performance.
A number of physiological responses have been deemed strong indicators of stress levels.
Heart rate, galvanic skin response (electrodermal activity), and blood pressure have reliably been
used to gauge stress in multiple studies (Lin, et al. 2011; Matthews, et al. 2004). Stress leads to
hyperactivation of the sympathetic nervous system, which results in elevated levels of all three
measures (Lin, et al. 2011; Matthews et al. 2004).
White noise is defined as sounds “containing many frequencies with equal intensities”
(Oxford Dictionary, 2015). Research has suggested a number of benefits from listening to white
noise while performing cognitive tasks. Rausch, et al. (2014) found that white noise enhances
memory performance. Furthermore, Loewen, et al. (1992) found that in an environment
containing typical ambient noise, masking the ambience with white noise improved the cognitive
performance of young adults and lowered self-reported stress levels. Ambient noise has also
been found to lower cognitive performance (Klatte, et al. 2013) and elevate stress (Ising, et al.,
2000). Within the context of clinical significance, a study performed by Söderlund, et al. (2007)
demonstrated that participants with ADHD improved cognitive task performance when listening
to white noise, yet white noise hindered performance of test participants without ADHD,
partially conflicting other evidence.
All three studies involving white noise found an increase in cognitive performance in
some category of participants, although not necessarily due to lowered stress. The conclusions
from Loewen et al.’s study, however, are most pertinent to our experiment because they provide
evidence directly linking ambient masking with white noise to decreased stress levels, albeit selfreported, and ambient noise will be present within our study. Based on this information, we
propose white noise will causally reduce physiological responses associated with stress (i.e.,
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heart rate, electrodermal activity, blood pressure) during cognitive tasks of varying difficulty
and will be correlated with an increase in performance.
This study will provide insight into techniques for lowering stress during cognitive tasks
and ultimately improve performance. White noise may be presented to students as an alternative
way to study or complete work, rather than having to resort to illicit methods, such as nonprescription drug abuse to boost productivity..
We hypothesized that physiological effects of stress (i.e. blood pressure, heart rate,
electrodermal activity) would be lowered during cognitive tasks when white noise masked
ambient noise, compared to no masking of ambient noise or masking with deliberately stressful
noise, being German heavy metal. This deliberately stressful noise served as a positive control in
order to test the validity of our equipment, as it should produce higher stress levels. We also
hypothesized that white noise masking would correlate with increased performance. A
motivation to improve study habits, an interest in observing peer’s cognitive abilities, as well as
the review of relevant literature helped justify the formulation of this question.
Methods and Materials
Participants were chosen at random from the pool of Physiology 435 students from the
University of Wisconsin-Madison. There were two groups of equal size (n=20 for ambient noise
and white noise), and one of smaller size (n=8 for music) to which participants were randomly
assigned. In the positive control group (music), participants heard the song, “Ich Will” by
Rammstein (2001), a German heavy metal band, beginning at 15 seconds. Labbé et al. (2007)
found that perceived stress as well as physiological arousal was greater in subjects exposed to a
sampling of German heavy metal after the completion of a challenging cognitive task. This was
relative to listening to classical music, which reported the lowest stress, and silence. Despite the
fact we played the music during the cognitive task rather than after, this study still demonstrates
stress can be elicited from playing German heavy metal, so we expected the same consequence if
we were to play the music during the testing. The positive control was used as an affirmation of
the validity of our equipment, hence the smaller sample size.
In the negative control group, the participants completed the tasks without any masking
noise of the classroom (i.e. talking, typing, etc.), and in the experimental group, participants
completed the tasks while listening to white noise. Seventy-five decibels of noise was played
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through Sony over-the-ear headphones in the positive control and the experimental group. These
headphones were not noise-cancelling, so they intrinsically cannot mask ambient noise. In order
to emulate motivation to perform well on the tasks, as most students naturally have, participants
were told they would receive candy, or whichever treat they found rewarding, if they did “well
enough” on the tests.
First, participants were asked their stress level on a scale of one to ten; we attempted to
normalize the response of participants by comparing scale levels to typical un-stressful (one) and
high stress (ten) situations for college students. This allowed us to partially control baseline
stress by measuring perceived stress. Next, a baseline blood pressure measurement was recorded
for each participant prior to testing. Electrodermal activity and pulse baselines were recorded
roughly five to ten seconds before starting the cognitive test. We measured electrodermal
activity, heart rate, and blood pressure. Electrodermal activity (EDA) was measured using a
Biopac Student Lab Electrodermal Activity Finger Electrode Transducer (SS3LA) with Isotonic
Recording Electrode Gel (Gel 101 from BIOPAC Systems, Inc.) and a Biopac Student Lab
System MP36 hardware unit. Electrodes were attached to participants’ middle and ring fingers of
their non-dominant hand. EDA is a continuous measurement and markers were placed at the start
and end of the task for data analysis. Pulse was measured using NONIN MEDICAL, INC.’s
Pulse Oximeter/ CO2 Detector (Model 9843) and recorded from the pointer finger of the nondominant hand. Blood pressure was measured using an OMRON Automatic Blood Pressure
Monitor (Model: BP791IT) on the participants’ non-dominant arm. Because we were unable to
directly measure cortisol levels, a strong indicator of psychological stress, in a noninvasive
manner, these physiological measurements of stress provided an insight into the stress levels of
the participants in an indirect fashion. Testing of all three instruments on ourselves proved their
reliability as an indirect indicator of stress response.
Participants then began the online cognitive performance test during which white noise,
music, or ambient auditory stimulation began. There were two tests by Cambridge Brain
Sciences, Feature Match and Hampshire Tree Task. They tested participants’ concentration and
planning skills respectively, thereby using multiple cognitive pathways with the intent of
normalizing any potential bias which may have resulted from using an exclusive pool of
students. It also demonstrated the potential efficacy and versatility of white noise masking during
cognitive tasks. Taken individually, concentration is a vital part of students’ productivity because
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understanding and memorizing material requires high levels of focus. Feature Match is a
perceptual task designed to focus one’s attention on complex images by determining if two
separate pictures match or are different. Planning is important to students because most fields of
study require sequential deduction in order to comprehend and solve problems. Hampshire Tree
Task is a test designed to assess forward thinking. It forces participants to mentally create
representations of current and future events to reach a desired goal by having the player move
nine numbered balls on pegs into the correct order in the fewest moves possible (Hampshire &
Owen). Both tests increased in difficulty with time, which was practical because that would
ideally elicit a stress response. The Feature Match task lasts one minute and thirty seconds, and
the Hampshire Tree Task lasts three minutes. Participants took the Feature Match task on the
first day and the Hampshire Tree Task on a separate day.
We measured the pulse once again halfway through the test (either 45 or 90 seconds from
the start of the test) and the mean electrodermal activity interval of the middle 10 seconds from
the start of each test (40-50 seconds or 85-95 seconds). Final blood pressure and pulse
measurements were taken at the end of the test, as well as a final electrodermal activity mean
interval during the last 10 seconds of the test. Computer generated scores were recorded after
completion of the test. The participants then received candy or another treat for participation, and
were instructed to come back next week for testing for the other task. The entire experiment
ranged between five to seven minutes and was repeated for the other cognitive test under the
same condition the following week (Fig. 1).

Fig. 1: Timeline of projected events.
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We attempted to find relationships between the three conditions and the physiological
responses in order to determine if there is a relationship with stress. We also observed the
relationship between the three experimental groups and performance. However, due to the
varying mechanisms by which performance may be enhanced, only potential correlations
between the variables could be reported. Data for physiological responses were measured as a
density across intervals (e.g. the mean change in systolic blood pressure before and after the
test), while the data for test scores were measured simply as a density. We define density as a
computed estimate (via R) of the probability of some value from a specific measure being
observed under each condition. The location (i.e. value) of peak density of each condition
effectively serves as the mode for that measure, since that is the value has the highest probability
of occurrence. We compared the location of one peak to the locations of peaks for other
conditions. T-test scores were calculated between white noise and ambient conditions under the
hypothesis that there was a significant difference between the location of peaks (i.e. a peak
location of greater change for ambient relative to white noise for physiological responses, and
vice versa for test scores). Unless otherwise noted, due to the limited number of participants as
well as the nature of being a positive control, t-test scores were not calculated between music and
other conditions, but were compared by observing peaks produced on the density plot. This
model helps eliminate the effect of outlying data, which frequently was observed in our
measures. Please note for electrodermal activity density plots the density scale is relatively large
in comparison to other scales. This is because the scale of measurement for electrodermal
activity was small. The density scale is large, as the area under the curve must be equal to one,
because it is a measurement of probability. This does not affect the relative accuracy of the peaks
or their location on the plot.
Additionally, for every density plot made, a bar graph displaying the average values of
each measurement for each condition under a specific interval are presented, as well as the
standard deviation. This provides an alternative depiction of our results, as well as discrete
values, rather than estimates.
Pulse, blood pressure, and scores on tests were simply reported as values from their
respective instruments, while ideal data is shown below for electrodermal activity (Galvonic
Skin Response) from the Biopac analysis (Fig. 2).
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Fig. 2: Example electrodermal activity data set

Results
There was often a decrease in physiological response over time, thus showing up as a
negative value on the density plots and bar graphs (e.g. Fig. 4c and 4d). However, the relative
rate at which this decrease happened still could indicate stress between conditions and thus
support our hypothesis, since otherwise the music would not cause a significant decrease in
physiological response, while white noise would cause a large decrease.
Concentration Test: Unless noted, there was no need to control for self-perceived stress,
as the average stress under each condition did not vary significantly (4.3 to 5.4). For exact values
from bar graphs and standard error, consult Table 1.
The systolic blood pressure density plot (Fig. 3a) appeared to show music as having a
relatively lower peak location than that of either white noise or ambient, while the diastolic
density plot (Fig. 3c) had a higher peak location for white noise relative to the other two
conditions. However, the p-values from t-tests were 0.2363 and 0.3304, respectively, indicating
there was no significant correlation. An additional t-test performed between music and white
noise for the systolic density plot gave a p-value of 0.08768, while another t-test run between
music and ambient presented a p-value of 0.2903, suggesting no significance. The bar graphs of
systolic blood pressure (Fig. 3b) shows white noise with the highest average change; although,
the high levels of standard error for all conditions in the graph, along with those of diastolic
blood pressure (Fig. 3d), negate any significance.
From the pulse data, the baseline to 45 second density plot and the 45 second to 90
second density plot (Fig. 4a and 4c) had peaks in the same location for all three conditions. The
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baseline to 90 second density plot (Fig. 4e) had differing peak locations for all three conditions,
with music as the highest, followed by ambient and white noise. However, the p-values from ttests were 0.6770, 0.5384, and 0.4199, respectively, suggesting no significance. The
corresponding bar graphs (Fig. 4b, 4d, and 4f) also indicated no significance, as they all had
large standard error. Two additional t-tests were calculated between music and white noise and
between music and ambient for the baseline to 90 second density plot, giving p-values of 0.2789
and 0.5423 respectively, indicating no significance. There was a biphasic response between the
baseline to 45 second and 45 to 90 second density plots, which centered around a positive and
negative change in pulse, respectively. This was corroborated by the bar graphs for the
corresponding intervals (Fig. 4b and 4d). Bar graphs were then made to control for self-perceived
stress for both intervals (Fig. 5a and 5b); however, no correlation between stress level and
change in pulse was noted. For exact values from the bar graphs that controlled for selfperceived stress, consult Table 2.
From the electrodermal activity data, the baseline to 45 second density plot, 45 second to
90 second density plot, and baseline to 90 second density plot (Fig. 6a, 6c, and 6e) had peaks in
the same location under all conditions. The p-values from the t-test were 0.4705, 0.8060, and
0.08093, respectively, suggesting no significance. However, the corresponding bar graphs (Fig.
6b, 6d, and 6f) show a smaller decrease in white noise electrodermal activity relative to that of
ambient, with relatively small standard error for both conditions.
The test score density plot (Fig. 10a) had similar peak locations under all three
conditions. The p-value from the t-test was 0.1478, suggesting no significance. The
corresponding bar graph (Fig. 10b) shows white noise with the highest score, followed by music
and ambient; but the difference in score was slight, resulting in overlap of the standard error and,
thus, indicating the performance was not significant.
Planning Test: Please note there is one data set missing from each condition tested, as
three participants did not undergo the second test. There was no need to control for selfperceived stress, as the average stress under each condition did not vary significantly (4.4 to 6).
For exact values from bar graphs, along with standard error, consult Table 1.
Both the systolic and diastolic blood pressure density plots (Fig. 7a and 7c) had peak
locations in the same region under all conditions. The p-values from t-tests were 0.8128 and
0.6446, respectively, indicating there was no significance. The corresponding bar graphs (Fig. 7b
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and 7d) had large standard errors for all conditions, suggesting the change in blood pressure was
not significant.
From the pulse data, the baseline to 90 second density plot appeared to show a greater
peak location for music relative to the other two conditions, while the 90 second to 180 second
density plot and the baseline to 180 second plot (Fig. 8a, 8c, and 8e) had peaks in the same
location for all three conditions. The p-values from the t-tests were 0.3549, 0.6507, and 0.2860,
respectively, implying no significance. Two additional t-tests were performed between music
and white noise and between music and ambient for the baseline to 90 second density plot,
resulting in p-values of 0.04693 and 0.1448 respectively. This suggests the relationship between
music and white noise in this interval is significant, while the one between music and ambient is
not. The corresponding bar graphs (Fig. 8b, 8d, and 8f) had white noise with the lowest change,
followed by ambient and music. This is in accord with our hypothesis, but the standard error for
all conditions is very large, indicating no significance.
Due to file corruption, there are only 16 pieces of data for electrodermal activity under
white noise. From the electrodermal activity data, the baseline to 90 seconds density plot, 90
seconds to 180 seconds density plot, and baseline to 180 seconds density plot (Fig. 9a, 9c, and
9e) had peaks in the same in the same location under all conditions. The p-values from the t-test
were 0.1658, 0.7790, and 0.1212, respectively, suggesting no significance. The bar graphs for
electrodermal activity from baseline to 90 seconds and from baseline to 180 seconds (Fig. 9b and
9f) did show white noise with the largest decrease in activity. This is in agreement with our
hypothesis. However, the white noise had large standard error and the bar graph for
electrodermal activity from 90 seconds to 180 seconds (Fig. 9d) presented white noise with a
larger increase than music, suggesting all the pulse measurements were not significant.
The test score density plot (Fig. 10c) had peaks in the same location for ambient and
white noise. The p-value for the t-test was 0.3496, suggesting no significance. This is in
agreement with the corresponding bar graph (Fig. 10d), which, despite presenting white noise
with the highest score, had relatively large standard error for all three conditions.
Discussion
All conclusions from our physiological response measurements do not support our
hypothesis. It is likely the decreases in physiological responses were observed due to elevated
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stress in anticipation of the tests, which then lowered as time went on. This is part of the
phenomenon known as test anxiety, in which physical and psychological stress responses occur
in response to thinking about or taking a test (Anxiety and Depression Association of America,
2015). Blood pressure data, both systolic and diastolic, were not found to have a significant
relationship by the t-tests. While it is reasonable to say there is no relationship between the white
noise condition and blood pressure, these data are possibly due to the slow nature of the cuff
reading and frequent errors, allowing the participant’s blood pressure to return to normal before
getting an accurate measurement from once the test ended. This claim is supported by the music
density plot peaking at a similar location to both ambient and white noise (Fig. 3a, 3c, 7a, and
7c), with the exception of one (Systolic concentration density plot, Fig. 3a). This is in agreement
with all of the bar graphs for blood pressure for both tests (Fig. 3b, 3d, 7b, and 7d), which have
large standard error for all conditions, thus suggesting no significant correlation.
The same issue arises when looking at electrodermal activity from both tasks.
Conclusions from measurements between white noise masking and electrodermal activity were
once again not significant by t-test, but not necessarily due to there being no relationship
between them. Once again, the music plot has a density peak location near white noise and
ambient peaks (Figs. 6a, 6c, 6e, 9a, 9c, and 9e), suggesting a lack of validity in recording.
Interestingly, the concentration bar graphs for electrodermal activity (Fig. 6b, 6d, and 6f) did
appear to present valid data that had significant differences in measurements that were in
agreement with our hypothesis, as well as relatively small standard error (excluding music).
However, this was not the case for the planning bar graphs (Fig. 9b, 9d, and 9f), which had much
larger error; possibly due to the smaller sample size (especially in the case of white noise).
Unfortunately, the difference in significance between the density plots and bar graphs, along
with the difference between the bar graphs for corresponding tests, effectively negates any
conclusions that could be drawn from the bar graphs from the concentration test. This also
negates any validity associated with it. Possible error could be due to intrinsically unreliable
equipment that did not allow for accurate readings from minute changes in electrodermal
activity. It is also possible that the straps attached to fingers, which were not snug, loosened as
participants subtly moved their fingers, which also may have reduced its accuracy.
Pulse data did appear to differ at times in the peak location of density plots between the
three conditions (Fig. 4a, 4c, 4e, 8a, 8c, and 8e), but, with one exception, none were significant
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by t-test. The lack of significance, along with the large standard error in all of the corresponding
bar graphs (Fig. 4b, 4d, 4f, 8b, 8d, and 8f), suggest there was no validity in the test. Again, this
could be due to reasons beyond a lack of correlation between white noise and pulse, as is
suggested by similar density peak locations for the music plot relative to the white noise and
ambient plots. It could be due to error from the recorder slipping off the finger during pulse, or
intrinsic inaccuracy, although this does not seem as likely as the potential error attributable to
blood pressure or electrodermal activity recordings. The one instance significance was found
between music and white noise was for the planning test in the baseline to 90 second interval
(Fig.8a), suggesting that there was a possible instance of validity in testing for the pulse
measurements, as music had a significantly higher peak location than that of white noise.
However, this significance is ambiguous at best, because the t-test performed between music and
ambient was not statistically significant (p=0.1448), meaning it is likely the testing was still
invalid.
Overall, the physiological data obtained suggests listening to white noise does not lower
stress, relative to ambient noise or deliberately stressful noise, which contradicts our hypothesis.
However, more reliable and rapidly recording instruments and methodology should be used in
the future to obtain valid results for all three measurements. If the measurements prove to be
intrinsically invalid, more invasive, yet more reliable, means of determining stress should be
used, such as measuring cortisol levels. Until then, no conclusive dismissal of listening to white
noise as a means to lower stress can be made.
Concentration and planning test score density plots (Fig. 10a and10c) had the peak
location of all three conditions at similar values, and all the t-test scores were not significant.
Additionally, the concentration score bar graph (Fig. 10b) had overlapping standard error, while
the planning score bar graph (Fig. 10d) had large standard error for all conditions. Like all other
measurements, this suggests a lack of validity in testing. This could be due to the tests not
efficiently elucidating cognitive responses desired, a lack of desired stress response in the
subjects, or a variety of other reasons. Although not supported by our results, an interesting line
of study has suggested there is a mechanism for cognitive enhancement via white noise not
mediated by stress. Rausch et al. (2014), in their study of white noise enhancing memory, found
functional evidence that white noise directly enhanced activity in the dopaminergic midbrain, an
area associated with learning and memory formation. Söderlund et al. (2007) suggested
Page 12

enhanced performance for ADHD children was due to white noise producing a peak level of
“stochastic resonance” in neurotransmitters, where “stochastic resonance” is defined as increases
in detection performance or signal transmission as a result of an increase in random fluctuations,
such as white noise (McDonnell et al., 2009). An experiment using more reliable tests or some
other alteration may support this line of thought, although the complete lack of validity in stress
measurements suggests there still may be an observable relationship between listening to white
noise and stress. This indicates that the concept of stress as a mediating factor between white
noise and performance cannot be completely dismissed. More testing may reveal significance in
the scores or any physiological measurement between ambient and white noise conditions for
either task.
Based on our results, there is likely no relationship between listening to white noise and
lowered stress levels, but more experimentation would be required to validate this. Additionally,
our experiment does not suggest a correlation between white noise and improved performance,
but once again more experimentation is necessary for validation. Based on these conclusions, at
this time we cannot recommend using white noise as an effective study strategy, unless one finds
personal benefits from listening to it.
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Figures and Legends

Figure 3: Changes in blood pressure before and after the Concentration Test.
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Figure 4: Changes in pulse during the concentration task (three time points: baseline to 45
seconds, 45 seconds to end, baseline to end).

Figure 5: Changes in pulse (two time points: baseline to 45 seconds and 45 seconds to end),
controlled for self-perceived stress scores.
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Figure 6: Changes in electrodermal activity during the concentration task (three time points:
baseline to 45 seconds, 45 seconds to end, and baseline to end)
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Figure 7: Changes in blood pressure during the Planning Test.
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Figure 8: Changes in pulse during the Planning Test (three time points: baseline to 90 seconds,
90 seconds to end, baseline to end).
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Figure 9: Changes in electrodermal activity during the Planning Test (three time points: baseline
to 90 seconds, 90 seconds to end, and baseline to end).
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Figure 10: Test Scores for both Planning and Concentration Tests
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Figure 11: Average Concentration Test score controlled for self-perceived stress score.
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Tables

Table 1: Bar graph values for each measurement.
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Table 2: Average changes in pulse for Concentration Test.
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