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The influence of fire on the power spectrum of slow waves 
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Abstract 
Many physiological researches have focused on the effects of looking at fire on human 

body, but little is known about its effect on human brains. In this study, we took an 

electrophysiological approach to assess the effect of fire using electroencephalogram 

(EEG). EEG signals were recorded while the participant was instructed to look at 

fire under three different conditions, a white wall without fire (control), real fire, or 

digitally imitated fire that was displayed on a monitor (2D fire). By analyzing the EEG 

data, we found that looking at the real fire increases the power of slow waves in the 

right and left frontal lobe. Although the effect was observed in adult and children, it is 

more evident in female compared to male. The participants looking at the real fire 

also exhibited a significant decrease in the frequency of blinks. 

Introduction 
We have been using fire since human history. While many researches have focused on 

the physiological and psychological effects of fire, the neuronal activity of the human 

brain while looking at the fire is still uncertain. Therefore, we employed 

an electrophysiological approach to examine the brain activity while looking at the real 

bio-ethanol fire (Eco-Smart Fire) and compared these data with the activity while 

looking at imitated fire (2D fire). For the analysis, we compared the power of some 

characteristic frequency band waves (slow, alpha, beta, and gamma waves) under 

experimental control. In addition, we counted the number of blinks. This paper 

reports the results of pilot experiments. 

Methods 
Experimental scheme

Nine children (7 to 11 years old) and nine adults (31 to 44 years old) participated in 

the study. After EEG system was attached to the head of the participants, they were 

given 30 second interval, and them were instructed to sit on a chair under three 

conditions (white 
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wall, Eco-Smart Fire or 2D fire) in a randomized crossover design. For each trial, the 

participant was asked to look at white wall, Eco-Smart Fire (BK5 Burner, EcoSmart Fire, 

The Fire Company, New South Wales, Australia), or digitally imitated fire that was 

displayed on a monitor (2D fire; EL40, EcoSmart Fire, The Fire Company) for 2 minutes 

while electroencephalogram (EEG) and electrooculogram (EOG) were recorded. After 

each trial, 20 second interval was taken. The distance between the fire and a participant 

was 1 meter, and the width of the fire was 0.3 meter. 

Human EEG 
Nine healthy children (6 males and 3 females) and nine healthy adults (4 males and 5 

females) participated in our EEG experiments. One EEG session took about 15 min. The 

human EEGs at AF7, Fpz, AF8, F3, Fz, F4, and Cz (following the international 10/10 

coordinate convention) were collected at the sampling rate of 500 Hz (the left earlobe was 

used as a reference) with a wireless EEG system (Polymate Mini AP108, Giken Co., Ltd, 

Tokyo, Japan) with paste-less dry electrodes (National Institute of Information and 

Communications Technology, Japan)1. Eye movements and blinks were simultaneously 

recorded with an electrode put on a left lower eyelid. The recorded EEG and blink–related 

signals were passed through an online notch filter (50 Hz) and saved on a computer using 

Mobile Acquisition Monitor Program (NoruPro Light Systems) through a Bluetooth 

wireless connection (Naruse, 2014). The EEGs were analyzed using costum written 

MATLAB and Python codes. The raw data were preprocessed offline by a band-pass 

filtering (1 to 40 Hz or 40 to 80 Hz). Additionally, EEG epochs that contained large 

potentials, abnormal spikes or drifting components were excluded by independent 

component analysis (ICA). These noisy epochs generally derived from eye movements 

and blinks. These blinks were counted and removed manually. 

Data analysis 
Data analyses were performed using MATLAB (MathWorks, Natick, MA, USA) and 

Python. The raw data were preprocessed by a band-pass filtering. One band-pass filtering 

(1 to 40 Hz) was used in the analysis of slow waves, alpha waves, and beta waves. Another 

band-pass filtering (40 to 80 Hz) was used in the analysis of gamma waves. In addition, 

EEG data, which contained noise for the whole duration of recording, was also excluded 

from the analysis manually. With these preprocessing, we obtained clean data from 15 

people (9 male, 6 female, 7 adults, and 8 children). The amount of change in relative 

intensity of each waves (A to B Hz) were calculated by the following equation. 

AUC ratio =  
∫ 𝑃(𝑓) 𝑑𝑓

𝐵 𝐻𝑧

𝐴 𝐻𝑧

∫ 𝑃(𝑓) 𝑑𝑓
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, where P(f) represents the EEG power at the frequency f. This AUC ratio was calculated 

in three conditions (Control, white wall), Eco-Smart Fire, and 2D fire, and the cumulative 

probability were also calculated. The EOG signal from the lower left eyelid was used 

for manual blink detection. 

We calculated the EEG power and represented the strength of the EEG power in 

pseudocolored maps smoothed by a Gaussian filter (σ=2, single time). 

Results 
We collected EEG data from 15 participants and analyzed the EEG powers in three 

conditions (white wall, Eco-Smart Fire, and 2D fire). We calculated the EEG 

power (AUC ratio) in each condition and compared them in each characteristic 

frequency band (slow, lower alpha, beta, and gamma waves). The power of slow waves 

in Eco-Smart Fire was significantly higher than that of control condition (P (control vs. 

Eco-Smart Fire) = 0.0155, P (control vs. 2D fire) = 0.214, P (Eco-Smart Fire vs. 

2D fire) = 0.313, Kolmogorov-Smirnov test) (Figure 1A). In contrast, the powers of 

alpha waves in Eco-Smart Fire and 2D fire were significantly lower than that of control 

conditions (P (control vs. Eco-Smart Fire) = 0.000498, P (control vs. 2D fire) = 

0.00166, P (Eco-Smart Fire vs. 2D fire) = 0.366, Kolmogorov-Smirnov test) (Figure 
1B). There was no significant differences in beta and gamma wave frequency (Beta: 

P (control vs. Eco-Smart Fire) = 0.557, P (control vs. 2D fire) = 0.549, P (Eco-Smart 

Fire vs. 2D fire) = 0.989, Gamma: P (control vs. Eco-Smart Fire) = 0.210, P (control vs. 

2D fire) = 0.670, P (Eco-Smart Fire vs. 2D fire) = 0.511, Kolmogorov-Smirnov test) 

(Figure 1C, D). Since the power of slow waves increased in the Eco-Smart Fire 

condition, we focused on the slow wave data and visualized its power as a 

pseudocolored maps (Figure 2). The power of slow waves in the right and left frontal 

lobes seemed to increase in the Eco-Smart Fire condition than in the 2D fire condition. 

However, data were analyzed ignoring the attributes of the participants (female, 

male, adult, and child). After dividing the participants with their gender or age, we 

compared the increase in the slow wave component of EEG in the Eco-Smart Fire for 

each participant group (Figure 3). The normalized power of slow waves in female 

participants was significantly higher than in male participants (P = 0.0222, 

Kolmogorov-Smirnov test). There was no significant difference between adults and 

children in the normalized power of slow waves (P = 0.316, Kolmogorov-Smirnov 

test). Finally, we counted and compared the number of blinks. Blinks were manually 

detected from EOG. The frequency of blinks in the Eco-Smart Fire and the 2D fire 

condition were normalized by the number of blinks in the control condition (Figure 4). 

The number of 
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normalized blinks in Eco-Smart Fire condition was significantly higher than in the 2D 

fire (P = 0.0405, paired t-test after one-way ANOVA). 

Discussion 
In this study, we analyzed the EEG power looking at fire. We found that looking at fire 

increased the power of slow waves and decreased the power of alpha waves. The decrease 

in blood pressure while looking at the real fire was reported in the past study2, 

which suggests the superiority of the parasympathetic nerve system to the 

sympathetic nerve system while watching fire. Another previous study has shown that 

listening to relaxing music caused the power spectrum of the delta band (0.5-4 Hz) and 

alpha band (8-14 Hz) to increase and decrease, respectively3. Our results reveal the 

possibility of the relaxing effects of looking at real fire, since the changes in the power 

spectrum were in accordance with these previous experiments. In addition, the number of 

blinks can be used as an index of nervousness 4, it is rational to consider that participants 

were relaxed when they were looking at real fire, because the number of blinks 

significantly decreased. The increase in the power of slows waves exhibited a gender-

dependent difference. This result could be caused by the difference in gazing time 

between male and female, as observed in the study of gender differences of exploratory 

eye movements5, which reported that the mean gazing time of female is longer than 

that of male. In the present study, the width of the fire was set to 0.3 meter, which 

might be too narrow to cover the entire field of vision. In ancient age, we human have 

used fire to protect our lives in the residence. In this age, female spent more time at 

their residence, where there was fire. It can be suggested that this difference caused 

the evolutionary change that led to the gender-dependent differences in the 

increase of the power of slow waves. 
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Figure 

Figure 1. Analysis of the power of EEG signal in each frequency. A, Left: The 

cumulative probability of the power of slow waves (1-4 Hz). Right: The comparison of 

the power of each condition. The data are represented as the mean of the median value of 

each people (*P < 0.05, Kolmogorov-Smirnov test). B, C, and D, represents the 

comparison of each condition as in A, but for the power of alpha waves (8-10 Hz) beta 
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waves (14-38 Hz) and gamma waves (40-80 Hz) respectively. 

Figure 2. The difference of active brain area between Eco-Smart Fire and 2D fire. 
The pseudocolored maps of the average power of slow waves at the prefrontal cortex. 

Brighter color signifies the higher slow wave power. There are in total seven channels, 

each electrode is located at AF7, Fpz, AF8, F3, Fz, F4, and Cz in international 10/20 

system. Left: The pseudocolored activity map of prefrontal cortex while watching the 

Eco-Smart Fire. Right: The pseudocolored activity map of prefrontal cortex while 

watching the 2D fire. 
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Figure 3. The comparison of the power of slow waves. A, left: The pseudocolored 

neuronal activity map of female prefrontal cortex while watching the Eco-Smart Fire. 

Right: The pseudocolored neuronal activity map of female prefrontal cortex while 

watching the 2D fire. B, the normalized power indicating the difference from control 

condition to Eco-Smart Fire condition. The increase in the normalized power of female 

was significantly higher than that of male. There was no significant difference in adults 

and children. 
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Figure 4. The number of blinks in each condition. The graph showing a decrease in 

blink frequency in Eco-Smart Fire condition compared to 2D fire condition. Each pair of 

dots connected with a trace are from the same participant. (**P < 0.05, paired Student’s 

t-test)




