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Abstract. This study investigated the potential effects of two kinds of color noises
(white and pink) on attention. Eighty-one healthy college students were recruited
and divided into 3 groups (quiet, white noise, and pink noise). Twenty trials of
attention tests without noise or in different noise contexts were used to measure
participants’ attention. The results showed that compared to the quiet group, the
average reaction time of white noise was significantly shorter (p < 0.05). Pink
noise showed neither improvement nor impairment in attention when compared to
the white noise or the quiet context (p> 0.05). These findings indicated that white
noise may promote attention. The results may change the stereotype that quiet
environments are best for work. Future studies could use a within-group design to
reduce bias due to participants’ differences. Furthermore, the study of cognitive
neuroscience can be conducted to investigate whether brown noise activates or
intensifies the prefrontal cortex’s activity.
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1 Introduction

Attention is the ability to focus information processing power on a few areas or events.
Noise is thought of as a harmful factor towards attention in many studies. For example,
traffic noise was proved to be harmful to people’s attention [1]. An analysis of Polish
children also showed that noise impaired attention [2]. What’s more, some researchers
argued that noises of different densities could lead to an increase in reaction time and
the impairment of attention [3]. Noise above 85 dB has been furthermore shown to be
detrimental to cognitive functions involving attention [4]. These studies indicate the
potential adverse effects of background noise on the cognitive function of attention.
However, different types of noises may lead to different results. There is now a way to
classify noises by naming them and distinguishing them by color. The definition and
differentiation of color noise are related to the spectrum.White noise refers to those with
constant energy and density in different frequency bands [5]. Pink noise’s energy level
is the same in every octave, with the energy density decreasing by 3 dB per octave as
the frequency increases [5, 6].
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White noise’s effect on cognitive functions has been discussed. In terms ofmemory, a
study on monkeys indicates that white noise in delayed response testing improves work-
ing memory [7]. A recent study also shows that white noise benefits working memory
performance, helping to reduce the participants’ guess rate of tasks [8]. However, Her-
weg and Bunzeck reported that the accuracy and reaction time of the working memory
task were not influenced by white noise played during the memory encoding andmainte-
nance period, while the noise played during the delay period impaired working memory
[9]. What is more, when compared to music, white noise seemed to show no significant
difference in its effects on working memory [10]. Recent research also discussed white
noise’s influence on other cognitive functions. In previous research by Söderlund et al.,
white noise could improve children’s reading andmemory performances [11].According
to the Moderate Brain Arousal model and stochastic resonance, white noise can help the
original weak signal (e.g., visual or audio signal) to be more detectable, which explains
why white noise can affect individuals’ performance in study and memory tasks [12].

There is also controversy over the impact of white noise on attention. Penaloza
et al. argued white noise negatively affects visual attention by measuring error rate and
reaction time [13]. However, research on attention deficit hyperactivity disorder (ADHD)
children show an improvement in attention with background white noise [14, 15]. In
addition, Söderlund et al. found that inattentive participants’ memory tasks performed
better than those without white noise, while attentive participants’ performed worse than
those without noise exposure [16]. Moreover, Jafari et al. pointed out that white noise at
73 dB is beneficial for attention [17]. These controversies reflect that white noise, one
of the color noises, remained to be studied for its effect on cognitive functions.

There are also some case studies done to investigate the influence of pink noise.
However, these studies show a pattern of contradictory views on pink noise’s effect on
people’s cognitive processes. Researchers explored short pink noise exposure’s impact
on memory. They found that participant’s ability to perform memory tasks improved
when exposed to pink noise at 91.5 dB with loud background noise [18]. However,
Harmon et al. investigated how background noise influences participants’ speech. They
concluded that participants’ attention toward speech and language was impaired when
exposed to noise involving pink noise [19].

Northern Kentucky University did cognitive research to figure out how pink noise
can affect students’ cognitive performance, especially those related to reading tasks
[20]. The experiment made 80 subjects exposed to three different contexts: pink noise,
popular music, and non-noise, and asked them to read in silence simultaneously. Later,
a cognitive test was given to evaluate their cognitive performance. The result shows that
pink noise does not improve students’ cognitive performance compared to the other two
conditions. It offers a different outcome compared to the research done with white noise,
which seems to be effective in improving cognitive performance.

For attention, similar to the experiment done to figure out the white noise effect on
ADHD patients mentioned before, pink noise’s influence on ADHD patients has also
been investigated. Unlike the previous outcome that white noise can help reduce problem
behaviors ofADHDchildren, the research shows that childrenwithADHDdid not reduce
impulsive behavior when being exposed to pink noise [21]. These contradictory results
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make the problem even more complex. Besides, the relationship between pink noise
exposure and attention remains unclear.

To more thoroughly compare different color noises’ effects on cognitive perfor-
mance, Lu and Huang et al. utilized cognitive experiments to discover how the different
color noises affect the working efficiency. Four aspects of work efficiency were tested,
including continuous performance, psychomotor speed, working memory, and execu-
tive function in four noise environments (pink, red, white noise, and quiet environment).
The impacts of color noises on the performances of participants were different in the
four tests: in the psychomotor speed, executive function, and working memory tasks, the
noticeable improvements could be found in color noises environments comparedwith the
quiet context. However, in the continuous performance test, the apparent improvement
could only be found in a pink noise environment [22]. This study shows that color noises
could improve individuals’ performance in certain aspects. Nevertheless, this study did
not discuss different color noises’ influence on attention.

Most of the existing studies focus on the effects of specific color noises on cognitive
processing. Fewer attention-specific studies and fewer studies are comparing the effects
of different color noises. What’s more, current findings are contradictory. Therefore, the
influence of different color noises on attention is worth investigating.

This study attempted to explore two colour noises (white and pink)’s effects on atten-
tion, using a non-noise condition as a control group. It was hypothesized that different
noise exposures would affect performance on the attention task, as indexed by reaction
time. Furthermore, the present study sought to explore which noise exposures would be
most beneficial for the attention task.

2 Methods

2.1 Participants

This study recruited 81 participants (22male, 59 female)with normal hearing and normal
vision (corrected vision included) through an online questionnaire system. The size was
determined before any data analysis. All participants were selected after they had filled
in the registration questionnaire reporting no medical history of neurological disease.
Before the formal experiment, all participants promised that they had gotten enough rest.
The mean age of the participants was 20.83 years (SD= 1.88; range: 18–25). All of the
participants were university students, who were given informed consent and were paid
15 yuan in return.

2.2 Materials

The attention experiment was programmed on Psychopy. Data from the experiments
were stored in OFFICE Excel 2019 as a database and then transported in the IBM SPSS
Statistics Version 24 to have analyzed. Participants completed the task on an individual
laptop (Win 10) with a resolution of 2560 × 1440, 144 Hz. The visual stimulus was
presented on the screen with a 60 Hz refresh rate in a quiet laboratory. The color noise
was collected from the website: https://www.audiocheck.net/testtones. The audio noise
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Fig. 1. Pentagons and a hexagon on the screen.

was delivered binaurally through the headphones connected to the computer. According
to previous research, positive noise effects were obtained when the noise level was set
to 80 dB [16]. Therefore, the noise level in this study was set to 80 dB.

2.3 Experimental Design

The independent variable was different kinds of sound environments: quiet (without
noise), white, and pink noises. The dependent variable was the reaction time of partici-
pants in the attention experiment. Participants participated in the tests in the same stan-
dard cognitive laboratory with glass partitioned. According to the participants’ appoint-
ment time, the experiment was conducted under conditions of non-noise, pink noise, and
white noise exposure. All the participants were assigned randomly into three different
groups with different types of sound environments. They were informed to wear the
headphones during the experiment, and they didn’t know the kind of sound scenario in
advance. Before they started the experiment, a one-minute interval was set to ensure
the participants adapted to the laboratory environment both physiologically and psycho-
logically. After the interval, the participant was told after a while there would be clear
instructions on the screen, just clicked according to the instructions. Then they were
instructed to put on the headphone and began the experiment when they felt they were
ready.

Every participant was required to take an attention experiment in a certain sound
environment, the experiment contained 20 trials. Figure 1 shows an example from an
experiment. In each trial, every participant could see several pentagons and a hexagon on
the screen, participants were required to find and click the hexagon among the pentagons,
and the position of the polygons changed randomly in each trial. Each participant had one
chance to learn before the formal experiment began. The reaction time of participants
was recorded. An inter-subject design was used in the experiment with one independent
variable (i.e. sound condition).

2.4 Statistical Analysis of Data

The point of interest in this research was to measure the effectiveness of colour noise
exposure. The performance of a sample of participants after the noise exposure was



580 K. Guo et al.

evaluated, and the average reaction time was used to represent the response performance
of each group. The exploration of data’s homogeneity and normality was conducted. The
Krustal-Wallis test was used to analyse the difference among three color noise groups.
Pairwise comparisons with adjusted values were adopted then to detect the potential
significant difference between each two groups. The p-valuewas set as 0.05. All analyses
were conducted with IBM SPSS Statistics Version 24 to determine whether there were
potential statistically significant differences between the means of three groups. Data
from the experiments were saved into a database, then the statistical program SPSS was
used to analyse them.

3 Results

After data filtering, the study retained the data of all participants. The final sample
comprised 81 university students, aged 18–25 years (M = 20.83, SD = 1.88; 22 males,
59 females).

The exploration of data’s homogeneity and normality was conducted. A Krustal-
Wallis test was conducted later to analyze the difference in participants’ average reaction
time in different noise groups. Consistent with the hypothesis that noise can affect
attention, the results showed that different noise contexts significantly affect participants’
reaction time in the tasks (H(2) = 10.09, p = .006).

Pairwise comparisons with adjusted p-values were used to compare the differences
between every two groups. The white noise group’s average reaction time (s) (M= 2.38,
SD = .29) was significantly shorter than the quiet group (M = 2.68, SD = .33), U =
20.30, p= .009, r= .43. However, contrary to our hypothesis, no significant differences
were found in the average reaction time (s) between the quiet group (M = 2.68, SD =
.33) and the pink noise group (M = 2.56, SD = .42), or between the white noise group
(M = 2.38, SD = .29) and the pink noise group (M = 2.56, SD = .42) (All p > .05).

What is more, a Mann-Whitney test was applied to examine the gender’s potential
effects. There was no significant effect of gender on general average reaction time (p >
.05).

4 Discussion

The motivation of the experiment derived from researchers’ concern towards all kinds
of contradictory and controversial arguments proposed by many previous researchers.
Conflicting outcomes about the effect of color noises’ exposure on human cognitive
performance have constantly been proposed. Some researchers said that color noises
benefit human cognition, and some contend otherwise. Hence, the paper needed to make
further investigation into the actual effectiveness of color noises and their relationship
with human cognitive performance.

The experiment aimed to investigate the influence on human cognitive performance
brought by exposure to different color noises. To be more specific, we chose the reaction
time of visual attention tasks as the representative index of human cognitive perfor-
mance. We hypothesized that exposure to color noises will improve participants’ atten-
tion performance and reduce their reaction time. To verify the hypothesis, we designed
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an experiment that participants were randomized into the three stimuli: white noise, pink
noise, and a non-noise condition, then tested participants’ reaction time towards visual
attention tasks under different conditions.

The results showed that when participants were exposed to white noise, their reac-
tion time is significantly shorter than the non-noise group. However, contrary to our
hypothesis, there were no significant differences in the average reaction time between
the non-noise group and the pink noise group, or between the white noise group and the
pink noise group. Though when they were exposed to pink noise, their reaction time was
somewhat shorter than the non-noise group, the difference was not significant. Based
on the result of the experiment, it was quite reasonable to infer that exposure to white
noise will reduce human reaction time towards visual attention tasks and thus improve
their cognitive performance. However, we failed to corroborate pink noise has the same
function.

It’s true that there were still some limitations of the experimental design. The experi-
ment used a between-subject method, whichmeans it would be hard to guarantee that the
various reaction time was led by different color noises, but not the subjects themselves.
For example, it’s possible that one of the groups was extremely sensitive to visual atten-
tion tasks and could do a great job regardless of the potential positive or negative effects
brought by the color noises, which compromised the validity of the experiment. To make
improvements, the within-subject design seems to be more reliable: the same partici-
pants will be exposed to all kinds of stimuli, and their reaction time will be recorded
and compared to infer the influence brought by the color noises. Furthermore, though
no significant effect of gender on general average reaction time was discovered, the sex
ratio of our participants was not ideal because the data were gathered from only one
university. Future research could consider a bigger sample size with a more desirable
sex ratio.

The experiment also points to potential future research directions for other
researchers. For example, in the experiment, the reaction time of the group exposed
to white noise is significantly shorter than that of the quiet, control group. Hence, it will
be reasonable to infer whether the presence of white noise activates or intensifies the pre-
frontal cortex’s activity, which is responsible for many higher-level cognition processes,
including attention. An fMRI study could be introduced to verify the hypothesis and
make more inferences about the connectivity between the auditory cortex and prefrontal
cortex. In addition, we only explored the effects of pink noise and white noise on cogni-
tive performance due to the constraints, and there are many more potential discoveries
in the field of color noises such as blue noise, purple noise, and so on. Also, there will be
some practical applications of the experiment. For example, in some circumstances that
need great cognitive resources, introducing white noise seems to be beneficial because it
can increase participants’ cognitive performance and reduce their reaction time towards
various stimuli. The stereotype that quiet places are best for working may become the
past tense.

5 Conclusion

In summary, the reaction time of participants in the white noise environment was signif-
icantly shorter than the non-noise group in this study, which means that attention ability
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could be improved by the white noise environment. However, pink noise didn’t show
significant improvement in participants’ performance of attention tasks in this study,
this indicates that pink noise doesn’t have a similar function to white noise in attention
tasks. Therefore, it will be meaningful if attention ability can be improved by setting
controlled levels of white noise as background sound. In addition, the effects of other
color noises on humans’ cognitive performance are also worth discovering.
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