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ABSTRACT

In this study, we investigated the possibility of combining the concepts of candles and
fractals to further enhance their relaxation and concentration effects. In the experi-
ment, 30 participants performed the numeric addition task, followed by a rest task
and then an addition task again. The three conditions of the resting task included
a patterned and pattern-less candle holders and quiet resting condition without
light (Control). Biometric measurements taken during the experiment, questionnaires
administered before and after the experiment, and performance on the numerical addi-
tion task were used as evaluation indices. The results suggested that candle gazing
significantly improved the concentration of the participants. In addition, the combina-
tion of candles and fractals caused more relaxation than the combination of candles
alone.
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INTRODUCTION

Candles have long been used for lighting applications. However, with the
development of lighting technology, their primary uses have changed. At
present, candles are often used as a meditation tool, as the faint flickering
light of candles emanates a sense of comfort and calm. In recent years, can-
dles have been used to calm the mind and enhance concentration. Orderliness
is a factor that defines the beauty of art, and it consists of two principal com-
ponents: complexity and regularity (Cho, 2013). The fractal dimension (D),
a subcomponent of orderliness, is a measure of complexity. A fractal is a
geometric figure with self-similarities, that is, with the same overall shape
at different scales. Fractal dimension is a value that quantitatively indicates
the space a fractal consumes within a figure; it is expressed as a non-integer
value of 1 ≤ D ≤ 2. To investigate its relationship with aesthetic evaluation
and human sensory evaluation of pleasantness, many researchers calculated
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the fractal dimensions in landscapes and paintings. Robles et al. showed
that complexity, engagement, and preference ratings increase with the frac-
tal dimension (Robles et al., 2021). In this study, the possibility of further
enhancing the relaxation and concentration effects of candles was investi-
gated by combining the concepts of candles and fractals. A new method for
promoting mental comfort and performance improvement is proposed in this
paper.

EXPERIMENTS ON CONCENTRATION AND RELAXATION DURING
CANDLE USE

This study was aimed at evaluating the relaxation effect of a rest task and
the concentration level in a subsequent stress task (numeric addition task),
followed by a rest task and then a stress task.

The experiment was conducted using patterned and pattern-less candle
holders as shown in Figures 1 and 2, respectively. The overall design of the
candle holder is shown in Figure 3.

The fractal dimension in the pattern of this candleholder was designed
to be sufficiently high to improve its attractiveness and preference without
compromising design quality (Robles et al., 2021). The fractal dimension of
the pattern was analyzed by the box-counting method and was set to 1.7
in this study. Thirty healthy male and female subjects (27 males, 33.0±12.4
years old; 3 females, 36.7±6.60 years old) participated in the experiment. In
the experimental environment, humidity and temperature were maintained
at 50% and 26 ◦C, respectively, which are considered to be comfortable for
an office environment. The room lighting was turned on during the stress
task and turned off during the candle gaze.

Informed consent was obtained from all the participants before the exper-
iment. The participants cooperated in the experiment after receiving a suffi-
cient explanation in advance. The experiment was conducted after obtaining
approval from the Ethics Committee of Saitama University.

Figure 4 shows the experimental setup. Biometric measurements were
performed using a Nexus-10 MARK II (manufactured by MIND MEIA)
to measure the fingertip volumetric pulse (BVP) and skin conductance
response (SCR). The participants was seated at a distance of 0.75 m
in front of the monitor. The BVP sensor was attached to the mid-
dle finger of the non-dominant hand, and the SCR sensors were
attached to the index and ring fingers of the non-dominant hand of the
participants.

The flow of each trial is shown in Figure 5. The participants sequentially
performed a 5-min pre-rest, a 10-min numeric addition task, a questionnaire
to test their level of concentration, a 5-min rest task, and a 10-min numeric
addition task. Finally, the second concentration questionnaire, counted as
one trial, was administered. The resting task consisted of three conditions:
gazing at the patterned and pattern-less candle holders and a quiet resting
condition without light.
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Figure 1: Patterned candle holder.

Figure 2: Patternless candle holder.

Figure 3: The entire pattern.

Figure 4: Experimental setup.
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Figure 5: Experimental flow.

ANALYSIS METHODS

Evaluation Index of Psychogenic Sweating

The SCR, generated by sweat gland activity owing to the excitation of the
sympathetic nervous system, was used to evaluate psychogenic sweating.
An increase in SCR indicates sympathetic dominance, whereas a decrease
indicates parasympathetic significance.

Evaluation Index Based on Finger Volume Pulse Wave

The Low frequency/High frequency (LF/HF) value was used to evaluate the
fingertip volume pulse wave as an index of mental stress using the autonomic
nervous system state; an increase in LF/HF is considered to be sympathetic
dominant, and a decrease in LF/HF is parasympathetic significant.

In the SCR evaluation, the Z-score was calculated by standardization using
the following equation:

X(t)Z−sco =
X(t)Raw − µall

σall
, (1)

where X(t)Raw is the original data before standardization, µall is the mean of
the entire data, and σall is the standard deviation of the entire dataset.

Evaluation Index of the Numeric Addition Task

In the numeric addition task, evaluation, the Z-score was calculated by
standardization using the following equation:

X(t)Z−score =
X(t)Raw −Median

MAD
, (2)

where X(t)Raw is the original data before standardization, median is the
median of the entire dataset, and MAD is the median absolute deviation of
the entire dataset.

EXPERIMENTAL RESULTS

Figure 6 shows the concentration in the pre- and post-numeric addition tasks
for each condition of the concentration questionnaire. The Wilcoxon signed-
rank test was used to test the concentration of the participants before and
after the numeric addition tasks in each condition, and significant differ-
ences were found between the conditions in which participants gazed at the
patterned candle holders and pattern-less candle holders.

To evaluate the effect of the different rest task conditions on the SCR, the
difference between the average SCR during the rest task and the average SCR
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of the previous rest was taken and the results compared between the three
conditions are shown in Figure 7. A t-test using the Bonferroni correction
revealed significant differences at the 5 % level of significance between the
conditions in which participants gazed at conditions of the patterned candle
holder and quiet rest without lights.

To evaluate the impact of differences in rest task conditions on the SCR
before and after the experiment, the results comparing the difference between
the mean SCR during post-rest and pre-rest across the three conditions are
shown in Figure 8. A t-test using Bonferroni correction revealed signifi-
cant differences at the 5% significance level between the condition where
participants gazed at the patterned candle holder and patternless holder.

To evaluate the effect of the different rest task conditions on the LF/HF
before and after the experiment, the difference between the post-rest and
pre-rest LF/HF was compared among the three conditions. The results are
shown in Figure 9. A t-test using the Bonferroni correction at a significance
level of 5 % showed no significant differences.

The results of comparing the difference in the number of responses to
the pre- and post-numerical addition tasks between the three conditions
for evaluating improvement in concentration are shown in Figure 10. A
Wilcoxon signed-rank test using Bonferroni correction revealed significant
differences between the condition in which participants gazed at conditions
of the pattern-less candle holder and quiet rest without lights.

Figure 6: Comparison of concentration of pre- and post-numeric addition tasks.

Figure 7: Comparison of the difference in average SCR Z-score between the break task
and pre-rest between different conditions.
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Figure 8: Comparison of the difference in average SCR Z-score between the pre-rest
and post-rest between different conditions.

Figure 9: Comparison of the difference in LF/HF between the pre-rest and post-rest
between different conditions.

Figure 10: Comparison of the difference in the number of answers between pre and
post-numeric addition task between different conditions.

DISCUSSION

In SCR, the patterned candle holder significantly increased in comparison
to conditions of the pattern-less candle holder and quiet rest without lights.
This suggested that the parasympathetic nervous system of the participants
became dominant and they relaxed. This suggests that combining the con-
cepts of candles and fractals is effective in relaxation. The results of the
concentration questionnaire and the numeric addition task suggested that
looking at the candles significantly improved concentration. This is consid-
ered to be because they were practicing concentration meditation by gazing
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at a candle. Concentration meditation is a meditation method in which
attention is focused on a single monotonous, low-stimulus object. Previous
research has reported that meditation relieves the central nervous system’s
stress response and suppresses sympathetic activity (Okuno, 2013), which
is consistent with the results of the SCR in this experiment. In addition,
since the effect of increased concentration after short periods of meditation
has been reported in previous studies (Ishikawa et al., 2020), it is likely
that subjective concentration was increased in the present study because
the participants meditated with their attention focused on the candles. The
reason why there was no significant difference in the number of responses
between conditions of patterned candle holder and quiet rest without lights.
in the numeric addition task is thought to be that the pattern appeared as
a shadow, which increased the visual stimulation and prevented the subjects
from concentrating on meditation.

CONCLUSION

In this study, we investigated the possibility of further enhancing the relax-
ation and concentration effects of candles by combining the concepts of
candles and fractals. In the experiment, participants performed the numeric
addition task under three conditions: gazing at patterned and pattern-less
candle holders as resting tasks and quiet resting condition without light. After
the resting tasks, they performed the numeric addition task. The results of the
concentration questionnaire and the numeric addition task suggested that
gazing at candles significantly improved concentration. In addition, the com-
bination of candles and fractals caused more relaxation than candles alone.
In future, we will examine whether the same effect can be obtained using
various patterns.
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