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Abstract

Attention constitutes a fundamental psychological feature guiding our mental
effort toward specific objects, concurrent with processes such as memory,
reasoning, and imagination. Visual attention, crucial for selecting surround-
ing information, often decreases in older adults and patients with cerebro-
vascular disorders. Effective methods to enhance attention are scarce. Here,
we investigated whether color information influences visual attention and
brain activity during task performance, utilizing EEG. We examined 13
healthy young adults (seven women and six men; mean age: 21.2 * 0.58 years)
using 19-electrode electroencephalograms to assess the impact of color in-
formation on visual attention. The Clinical Assessment for Attention cancel-
lation test was conducted under the black, red, and blue color conditions.
Wilcoxon’s signed-rank test was used to assess differences in task perfor-
mance (task time and error) between conditions. Spearman’s rank correlation
was utilized to examine the correlation in power levels between task perfor-
mance and color conditions. Significant variations in total task errors were
observed among color conditions. The black condition exhibited the highest
error frequency (0.7 £ 0.9 times), followed by the red condition (0.5 + 0.8
times), with the lowest error frequency occurring in the blue (0.2 * 0.4 times)
condition (black vs. red: P = 0.03; black vs. blue: P = 0.00; red vs. blue: P =
0.032). No time difference was observed. The black condition showed nega-
tive delta and high-gamma correlations in the central electrodes. The red
condition revealed positive alpha and low-gamma correlations in the frontal
and occipital areas. Although no correlations were observed in the blue con-
dition, it enhanced attentional performance. Positive alpha and low-gamma
waves might be crucial for spotting attentional errors in key areas. Our find-
ings provide insights into the effects of color information on visual attention
and potential neural correlates associated with attentional processes. In con-
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clusion, our study implies a connection between color information and atten-
tional task performance, with blue font associated with the most accurate
performance.
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1. Introduction

Attention is a fundamental psychological feature that directs our mental effort
toward specific objects, accompanying processes such as memory, reasoning,
and imagination [1]. There are five attentional components: focused, sustained,
selective, alternating, and divided [2]. Attention reliably modulates neural activ-
ity in the primary and secondary cortices, affecting the mean neuronal firing
rate, variability, and correlation across neurons [3] [4].

Electroencephalogram (EEG) signals can measure attention levels [1]. An
EEG records nerve activity in the brain through electrodes placed on the scalp,
and changes in activity correlate to changes in mental state, emotion, and cogni-
tive activity [5] [6]. Physiological measures using EEGs are considered accurate
[7] and reliable [8]. However, few studies have assessed multilevel attention clas-
sification based on EEG, and feature screening has rarely been considered [1].
The EEG can be divided into five rhythms (frequency bands: &, 6, @, S, and ),
with different rhythms having specific characteristics [9].

Visual attention is a cognitive process that mediates the selection of important
information from the environment, governed by bottom-up and top-down at-
tentional biases [10]. The nervous system utilizes this mechanism to highlight
specific locations, objects, or features within the visual field, which can be
accomplished through eye movements that bring the object onto the fovea
(overt attention) or by enhancing visual information processing in neurons,
representing more peripheral regions of the visual field (covert attention) [11].

Typically, reduced attention is observed in older adults and patients with ce-
rebrovascular disorders such as stroke and dementia. Although prior studies
have indicated the potential influence of color on reaction time and memory
during visual attention tasks [12], its effect on task accuracy and its mechanism
remain unclear. Therefore, in the current study, we aimed to investigate whether
color information affects visual attention and brain activity during task perfor-

mance using EEG.

2. Materials and Methods
2.1. Participants

This study included 13 healthy young adults (seven women and six men; age:
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21.2 £ 0.58 years). The inclusion criteria were the absence of a history of major
physical disorders, including neurological illnesses, brain injuries, or psychiatric
illnesses, while the exclusion criteria encompassed a history of any of these con-
ditions. All prospective participants were informed of the safety regulations of
this study and assured that their identifying information would remain confi-
dential. Written informed consent was obtained from all participants before par-
ticipation. This study was approved by the Ethics Committee of Nishikyushu
University (approval no. 22BFF20) and conformed to the principles of the Dec-

laration of Helsinki.

2.2. Task

The study employed the cancellation test of the Clinical Assessment for Atten-
tion (CAT) by the Japan Society for Higher Brain Dysfunction. Participants were
instructed to eliminate the target number from the interfering stimulus (other
numbers) as quickly as possible without overlooking it. The task was performed

under three color conditions: black, red, and blue font color.

2.3. Experimental Setup

Participants were seated on a chair with a backrest in a quiet room. They rested
their forearms on a table in a relaxed position and were instructed to perform
the CAT without additional movements (e.g., head movements). The partici-
pants were asked to remain silent during the experimental period. They were
required to maintain a consistent posture, relax and clear their heads, and look
at the cross-fixation point on a piece of paper in front of them during rest pe-

riods.

2.4. Experimental Protocol

The experiment consisted of a task with three color conditions, with a one-minute
rest period between each condition. The task was performed until the partici-
pants completed it, and the order of the tasks was counterbalanced. EEG mea-
surements were performed continuously during the experiment using Polymate
Pro MP6100 (Miyuki Giken, Tokyo, Japan). The skin was prepared with alcohol,
and the electrodes were mounted on an elastic cap using a holder. Nineteen
gold-coated active EEG electrodes were placed at Fpl (left frontal pole), Fp2
(right frontal pole), F3 (left frontal), Fz (middle frontal), F4 (right frontal), F7
(left inferior frontal), F8 (right inferior frontal), C3 (left central), Cz (middle
central), C4 (right central), P3 (left parietal), Pz (middle parietal), P4 (right pa-
rietal), O1 (left occipital), O2 (right occipital), T3 (left mid-temporal), T4 (right
mid-temporal), T5 (left posterior temporal), and T6 (right posterior temporal),

in accordance with the international 10 - 20 EEG placement system (Figure 1).

2.5. Data Analysis

EEG data were sampled at 1000 Hz and filtered from 1 - 60 Hz using a bandpass
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INION

Figure 1. Electroencephalogram (EEG) electrode placement. The EEG electrodes were
placed in accordance with the international 10 - 20 EEG placement method. Fp1, Fp2, F3,
Fz, F4, F7, 8, C3, Cz, C4, P3, Pz, P4, O1, 02, T3, T4, T5, and T6 were examined. Fpl, left
frontal pole; Fp2, right frontal pole; F3, left frontal; Fz, middle frontal; F4, right frontal;
F7, left inferior frontal; F8, right inferior frontal; C3, left central; Cz, middle central; C4,
right central; P3, left parietal; Pz, middle parietal; P4, right parietal; O1, left occipital; O2,
right occipital; T3, left mid-temporal; T4, right mid-temporal; T5, left posterior temporal;
and T6, right posterior temporal.

filter with a digital infinite impulse response filter (low end, 1 Hz; high end, 60
Hz). Data containing eye blinks or muscle movement artifacts were excluded.
Power spectrum analysis was performed using the Electro Magnetic Source Es-
timation Data Editor (Cortech Solutions Inc., Wilmington, NC). Six EEG data-
sets (delta, theta, alpha, beta, low-gamma, and high-gamma) were calculated for
each electrode. Specifically, 0 - 4 Hz was categorized as delta, 5 - 8 Hz as theta, 9
- 13 Hz as alpha, 14 - 30 Hz as beta, 31 - 50 Hz as low-gamma, and >50 Hz as

high-gamma waves.

2.6. Statistical Analysis

The data were non-parametric, and the mean power level for each resting and
color condition was calculated. Wilcoxon’s signed-rank test was used to assess
differences in task performance (task time and error) between color conditions.
Spearman’s rank correlation was used to examine the correlation in power levels
between task performance and color conditions. Data are expressed as the mean
+ standard deviation. Statistical analyses were performed using SPSS for Win-
dows (version 20.0; IBM, Armonk, NY). Statistical significance was set at P <
0.05.

3. Results

Figure 2 shows the integrated topographic map. The total task error differed
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significantly between color conditions, with the highest number of errors occur-
ring in the black (0.7 + 0.9 times), followed by the red (0.5 + 0.8 times), and blue
(0.2 + 0.4 times) conditions (black vs. red: P = 0.03; black vs. blue: P = 0.00; red
vs. blue: P = 0.032).

The fastest task time was observed in the blue condition (71.18 + 12.24 s), fol-
lowed by the red (71.99 + 13.30 s), and then the black conditions (76.92 + 21.42
s); however, no significant difference in time was observed (Figure 3).

Table 1 summarizes the correlations between EEG power levels and task er-
rors. Under the black condition, significant negative correlations were observed
between the delta and high-gamma waves in the central region. Conversely, sig-
nificant positive correlations were observed in alpha and low-gamma waves in
the frontal and occipital areas in the red condition. No significant correlations

were detected under the blue condition.

0.00 Hz - 100.00 Hz 0.00 Hz - 100.00 Hz 0.00 Hz - 100.00 Hz

. : a

0.0 V2 0.0 V2 0.0 V2
(a) (b) (©

Figure 2. Integrated electroencephalogram topographic map. Red and blue areas spots
indicate higher and lower frequencies, respectively. (a) Black condition; (b) Red condi-
tion; (c) Blue condition.
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Figure 3. Comparison of task performance between color conditions. The performance of each task
was compared using the Wilcoxon signed-rank test. (a) Cancellation test of the Clinical Assessment for
Attention (CAT) time; (b) CAT error. *P < 0.05, **P < 0.01.
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Table 1. Correlation of electroencephalography power levels and task error.

Cerebral
Task regions  Delta Theta Alpha Beta Low-gamma High-gamma
()
Frontal -0.137 -0.194 0373  0.115 0.088 -0.328
Central  -0.568* -0.446 0.027 —0.231 -0.161 -0.571*
Black Temporal -0.149 -0.194 -0.009 -0.082 -0.052 -0.222
Parietal -0.179 -0.109 -0.058 -0.143 -0.018 -0.471
Occipital —0.012 0.055 -0.109 0.185 0.018 -0.255
Frontal 0.271  0.365 0.717** 0.365 0.609* —-0.068
Central 0.203  0.189  0.487  0.447 0.406 —-0.068
Red Temporal 0217 0.217 0.311  0.392 0.365 0.041
Parietal 0.244 0952 0474 0.271 0.541 —-0.068
Occipital 0.338  0.311 0.623* 0.217 0.46 0.041
Frontal 0.342  0.488 0.244  0.488 0.244 0.342
Central 0.146  0.195 0.000 0.439 0.098 0.293
Blue Temporal 0.39 0.244 0.244 0.439 0.293 0.195
Parietal 0.098 0.146 -0.049 0.39 0.098 0.098
Occipital ~ 0.195 -0.098 0.049 0.293 0.195 -0.049

**P < 0.01, *P < 0.05 (Spearman’s rank correlation).

4. Discussion

In this study, we investigated the impact of color on attentional tasks and cere-
bral activation using EEG. We hypothesized that color manipulation would in-
fluence EEG frequency, correlating it with task performance. Our findings re-
vealed that most task errors were associated with black font, followed by red, and
then blue font. We noted significant negative delta and high-gamma correlations
in the central region in the black condition. Significant positive alpha and
low-gamma wave correlations were observed in the frontal and occipital regions
in the red condition. However, no significant correlation was observed in the
blue-font condition. The negative delta and high-gamma correlations in the
black condition may imply a positive correlation in alpha-wave power levels
(Table 1). These results suggest that positive alpha and low-gamma waves could
be key indicators of attentional errors or deficits.

Previous studies have demonstrated the positive effects of blue light on atten-
tion and consciousness [13] [14] [15]. For instance, exposure to blue-enriched
white light (17,000 K) can reportedly improve working memory and sustained
attention [16]. The performance results in tasks requiring sustained attention
indicated that exposure to blue-enriched white light did not affect action errors.

Nevertheless, compared with baseline conditions, such exposure could substan-
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tially reduce the number of deletions and response errors. Moreover, there was a
considerable difference between the mean removal error at 17,000 K under
blue-enriched white light and baseline conditions. The effects of blue-enriched
white light on cognitive function have also been reported in other studies [15]
[17] [18] [19]. Our findings suggest that both blue light and blue-colored fonts
can positively impact attentional functions.

[luminance is an important factor that can indicate the quality of lighting
conditions. Yang ef al [20] reported that illuminance can substantially impact
attention and alertness and that higher illuminance results in higher levels of
alertness and attentiveness. Additionally, exposure to high levels of illuminance
at the eye level can induce subjective alertness and vitality, increase physiological
arousal, and improve performance in a sustained attention task even in the ab-
sence of sleep and with light deprivation [21]. Generally, high illuminance levels
have been associated with increased alertness and concentration, highlighting
their importance in enhancing attention [13].

Frequency bands related to attention mainly include theta, alpha, and beta
waves. Theta waves typically occur during relaxation or fatigue and are primarily
distributed in the central area of the brain. In the awake state, theta waves were
associated with attentional alertness. Alpha waves are predominant in a calm
state and are mainly detected in the occipital and parietal lobes [9]. Finally, beta
waves are more prominent during excitement and are mainly distributed in the
frontal and central areas [1]. A relationship between visual attention accuracy
and increased EEG beta frequency power in the occipital region has been re-
ported [22]. Black is a common color encountered in daily life, and its ability to
draw attention might be limited compared to colors such as blue and red. Unlike
blue and red, black did not substantially impact attention or make it difficult to
concentrate on the tasks in this study. Therefore, this may have led to a relaxed
state rather than a state of concentration or tension during the task. Further-
more, a positive correlation between alpha waves and black color was observed
during the task, suggesting that the black color condition caused the highest
number of errors.

This study had some limitations. First, all participants were healthy young
adults; therefore, whether our results can be generalized to older participants or
those with neurological disabilities is unclear. Second, the attentional task was
limited to CAT; thus, whether brain waves during other attentional tasks are
comparable with those observed during CAT is unclear. Third, this study in-
cluded only a small number of participants. Thus, future studies should include
more participants under various conditions and assess brain waves during dif-

ferent attentional tasks.

5. Conclusion

Our study suggests an association between color information and attentional
task performance. The use of blue font was linked to the most accurate atten-

tional performance. Notably, positive alpha and low-gamma waves detected in
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the frontal, central, and occipital brain areas may serve as important indicators
for identifying attentional errors or deficits. Conversely, as observed in the fron-
tal and central regions, beta waves appeared to be associated with heightened ex-
citement. Understanding the neural correlates of attention may have practical
implications for optimizing attentional states and cognitive performance in var-
ious settings. Further research with more diverse participant populations and a
broader range of attentional tasks is essential to confirm and extend our find-

ings.
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