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ABSTRACT

In this paper, we examined stimulative airflows to recover the arousal level and
performance of office workers. First, two types of airflow were selected as candidates
based on the results of preliminary experiments. Next, we conducted an experiment
to verify the effects of these airflows. There are nine participants in the experiment
and work efficiency was measured from their work performance. The airflows were
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exposed to detect a decrease in the arousal level of the participants. From the results,
six participants were included in the analysis. We analyzed the results before and after
exposure to the airflow using various physiological indicators.

Keywords: Temporal Stimulative Airflow -Intellectual Work - Recovery Effect

INTRODUCTION

In recent years, research to improve the efficiency of intellectual work by improving
the office environment has been pursued and has produced significant results
(Laurence Berkley National Laboratory 2022), . Among the indoor environments that
affect intellectual work, the thermal environment has been the subject of many studies
because of its significant impact on intellectual work. Regarding airflow as one of the
factors, the DR (DraftRisk) model (Fanger et al. 1986), which predicts discomfort of
airflow in a cool environment, and the PS (Percentage of Satisfied People) model
(Fountain et al. 1994), which predicts comfort in a warm environment, have been
studied. The psychological effects of airflow properties such as turbulence (Mayer
1987) and fluctuation (Tanabe et al. 1994) as well as velocity have also been studied.

In recent years, there have been attempts to mitigate the use of air condition-ers and
promote energy conservation through the active use of fans in hot summer
environments (C’andido et al. 2011). It can also be used as a stimulus to lower the
sensory temperature of the area exposed to the airflow, albeit temporarily. These
effects indicate that strong airflow from air conditioning may interfere with sleep
(Morito et al. 2010). Exposure to airflow, even temporary, can be expected to affect
the sense of warmth and comfort, and the way it is perceived depends on seasonal
changes in metabolic rate and personal preference. The degree to which temporary
stimulative airflow affects the efficiency of intellectual work is also expected to vary
depending on the circadian rhythm and fatigue.

The purpose of this study is to examine temporary stimulative airflow to effectively
recover the efficiency of intellectual work and to confirm its effectiveness. This study
uses the efficiency of intellectual work as an indicator of the impact of temporary
stimulative airflow.

METHOD

Consideration of Airflow

First, based on the results of preliminary experiments, two types of airflows (front
and side airflows) were selected; the airflow duration and interval time were set to
respec-tively 10 seconds and the repetition was set to three times. For both front and
side airflows, the time required for the airflow sequence was 50 seconds. The position
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of the airflow and the wind speed settings are shown in Table 1. The airflow was set
to no rhythm and no fluctuation. Fig. 1 and Fig. 2 show the wind speed around the
par-ticipant when exposed to 3.5 m/s of front airflow and 3.2 m/s of side airflow. In
Figs. 1 and 2, one square represents about 4 cm square, and the unit of the numbers
is m/s. The darker the blue color is, the higher the air velocity is, indicating the
exposure of airflow around the head.

Table 1: Setting of airflow speed.

Airflow #1 Airflow #2 Airflow #3
Front airflow 3.5m/s 2.1m/s 2.1m/s
Side airflow 3.2m/s 3.2m/s 3.2m/s

0.40

0.03 | 0.08 | 0.07 0.17 0.06 |0.04

0.03 | 0.05 | 0.06 0.11 0.21 |0.21 012 |0.10 0.05 [0.03

0.02 | 0.04 |0.03 [0.05 |0.05 0.10 | 0.10 | 0.08 |0.05 0.03 [0.02

0.01 | 0.04 |0.02 [0.04 |0.04 |0.03 0.05 (0.04 |0.03 |0.04 0.03 | 0.03

0.02 | 0.03 |0.02 (0.03 |0.04 |0.03 0.02 (0.03 |0.02 |0.02 0.02 | 0.02

0.02 | 0.03 |0.02 (0.04 |0.03 |0.02 0.01 [0.05 |0.01 |0.02 0.02 | 0.02

0.02 10.02 |0.01 (0.02 |0.03 |0.02 0.02 [0.02 [0.02 |0.01 0.01 [0.02

Figure 1. The wind speed around a participant due to airflow (exposed 3.5 m/s of front airflow).
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0.10 {0.11 |0.18 0.24 (0.06 [0.05

0.07 [0.06 |0.15 0.41 0.27 (0.11 |0.06 |0.04

0.09 |0.05 (0.09 |0.14 |0.11 |0.21 0.42 |0.19 [0.15 |0.09 |0.07 |0.05 [0.03

0.08 (0.03 {0.05 |0.11 |0.10 |0.10 0.12 |0.10 |0.06 |0.05 |0.05 |0.04 |0.03

0.06 (0.03 (0.03 |0.07 [0.09 |0.06 0.10 (0.06 |0.04 0.04 |0.04 |0.04 |0.02

0.05 (0.02 {0.02 |0.03 |0.03 |0.03 0.06 |0.03 |0.03 |0.02 |0.05 |0.04 |0.02

0.02 |0.02 (0.02 |0.02 |0.02 |0.03 0.03|0.02 [0.02 |0.02 |0.03 |0.07 (0.02

Figure 2. The wind speed around a participant due to airflow (exposed 3.2 m/s of side airflow).

Experiment

Next, we conducted an experiment to test the effects of these airflows. Nine
participants took part in the experiment and performed a cognitive task. The work
efficiency was measured from their work performance, and the airflow was exposed
to detect a decrease in the arousal level of the participants. In order to detect the
decrease of arousal level during the work, PERCLOS (PERcent of eyelid
CLOSureover pupil) (Dinges et al. 1988) was used as a measurement index of arousal
level. In addition to the measurement of arousal level by PERCLOS, the activity state
was measured by several physiological indices. Electroencephalogram (EEG) was
measured as an indicator of brain activity, and electrocardiogram (ECG) and skin
potential were measured as indicators of body activity. The threshold of PERCLOS,
which is judged as a decrease in the level of arousal, was set at 0.1 (10% of eye closure
time in a certain period of time) for Participants 1 and 3, and 0.03 (3% of eye closure
time in a certain period of time) for Participants 2 and 4 to 9, based on the appearance
during the task practice. On the other hand, as mentioned earlier, for all participants,
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if PERCLOS was always 0 at a certain time after exposure to airflow, i.e., if the
percentage of eye closure for a certain time was 0, the arousal level was considered
to have recovered for that time.

RESULTS

As a result, six of the nine participants were included in the analysis; for the six
participants, the airflow was exposed a total of 26 times.

With respect to the recovery of work efficiency, the work efficiency before airflow
exposure (60 seconds) and after airflow exposure (60 seconds) were 8.4 (2.5) and 9.5
(2.4), respectively. The figures in parentheses indicate the standard deviation. A
paired two-tailed t-test was performed, resulting in a p-value of 0.37. Next, we
compared the work efficiency immediately before and after the airflow exposure with
respect to the values of work efficiency before the airflow exposure (15 seconds) and
after the airflow exposure (15 seconds). The values were 1.7 (1.1) and 2.8 (1.3),
respectively. Figures in parentheses indicate the standard deviation. As a result of
paired two-tailed t-test, the p-value was 0.017. From these results, the effect of
recovery of work efficiency would be observed for 15 seconds after exposure to the
airflow and was not retained for 60 seconds.

Then, we analyzed various indices in the recovery of work efficiency by the exposure
to the proposed airflow.

First, as an example of how the airflow may have recovered the arousal level for one
minute, the various indices for the second airflow exposure of participant 3 are shown
in Fig. 3. Fig. 3 shows the response time per a task, PERCLOS, heartrate(bpm), heart
rate variability (HRV) (LF/HF), heart rate variability (HRV) (LF, HF), skin potential,
electroencephalogram (EEG) (Pz), and electroencephalogram (Cz) in order from the
bottom. In Fig. 3, the PERCLOS value exceeded the threshold value of 0.03 around
1100 seconds, however the airflow was not exposed because 8 minutes had not passed
since the previous exposure. In Fig. 3, the airflow was ex-posed at the time after 1200
seconds. Fig. 3 shows that the airflow exposure took 50 seconds from start to finish.
After the airflow exposure, PERCLOS was zero for more than 60 seconds.

The various indices for the fourth airflow exposure of participant 3 are shown in Fig.
4. Comparing before and after the start and end of the airflow exposure, the power of
alpha wave increased before the start, however, was suppressed after the end.

On the other hand, for participant 8, the airflow did not recover the arousal level for
one minute. The various indices of the fifth airflow exposure for participant 9 are
shown in Fig. 5. Fig. 5 shows how the airflow exposure recovered the arousal level
for one minute.

From the results of physiological indices, when PERCLOS exceeded the threshold
before airflow exposure, there was an increase in alpha wave (EEG) indicating rest
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etc. and a continuous decrease in LF/HF ratio indicating sympathetic dominance. In
addition, fluctuations in skin potential were observed during the airflow exposure.
Furthermore, after airflow exposure, alpha wave (EEG) dominance was no longer
observed, and the LF/HF ratio showed an upward trend. Comparing the measurement
before and after the start of airflow exposure, the power of alpha wave of EEG
increased before the start, however, it was suppressed after the exposure.
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Figure 3. The wind speed around a participant due to airflow (exposed 3.2 m/s of side
airflow).
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Figure 4. The measurement result on forth airflow for participant #3.
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Figure 5. The measurement result on fifth airflow for participant #9.

CONCLUSIONS

In this study, we examined stimulative airflows to recover the arousal level and
performance of office workers. First, two types of airflow were selected as candidates
based on the results of preliminary experiments. Next, we conducted an experiment
to verify the effects of these airflows. There are nine participants in the experiment,
in which a cognitive task was used, and work efficiency was measured from their
work performance. The airflows were exposed to detect a decrease in the arousal level
of the participants. From the results, six participants were included in the analysis.
We analyzed the results before and after exposure to the airflow using various
physiological indicators.

In the future, we will improve the proposed airflow stimulus in order to sustain the
recovery effect of the airflow stimulus, and we may consider the experimental design
to expose the airflow before the arousal level decreases too much. In addition, it is
expected that the design of airflow to increase the recovery effect of airflow
stimulation will lead to even greater performance recovery effect.
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