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ABSTRACT

In today’s information society, the efficiency of intellectual work, referred to as intel-
lectual productivity, is highly valued. A trend has been observed where intellectual
concentration tends to decrease over time, leading to numerous studies on the bene-
fits of short breaks.However, in these studies, breaks are predetermined and workers
are compelled to take breaks. There is a possibility that these breaks interrupt con-
centration, especially when they are in a state of high concentration. In this study, we
aimed to encourage self-determined refreshment during tasks to improve intellectual
productivity, an approach that few studies have tried. As a method to induce refresh-
ment, airflow was used. In the experiment, a quantitative evaluation was conducted
using CTR (Concentration Time Ratio), an intellectual concentration index calculated
from response time data for the comparison task. The task duration was set at 45
minutes, with a 20-second airflow exposed every 7.5 minutes under the condition
with airflow. In addition to CTR, several surveys asking participants about subjec-
tive fatigue, a sense of refreshment, and so on were administered. As a result, CTR
improved in 4 out of 7 participants, and it was suggested that those whose CTR
decreased may have been distracted by the airflow. Participants’ impressions of the
airflow indicated that the airflow should be exposed for longer at a higher frequency
to make it more effective in improving concentration.
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INTRODUCTION

In our modern information-driven society, the performance of intellectual
tasks is of great importance. Office workers frequently engage in substantial
intellectual labor, but extended periods of work without rest decrease con-
centration on tasks, leading to a decrease in productivity. To address this,
numerous studies have investigated the effects of short breaks, characterized
as “Micro-Break” in some studies. Albulescu et al. (2022) defined Micro-
Break as breaks not exceeding 10 minutes and conducted a meta-analysis of
22 studies. The results indicated Micro-Break improved the performance of
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clerical or creative tasks, and suggested more breaks may be needed for cog-
nitively demanding tasks. On the other hand, some research suggested that
breaks could reduce performance (Brazaitis, 2023). One reason for this is the
need for effort to refocus on tasks after breaks (Quintus, 2003).

Figure 1: Concept of micro-refresh.

The degree of concentration decline can vary depending on the type of task
and individual characteristics. Thus, the imposition of breaks at inappropri-
ate timing is considered to distract concentration, especially when workers
are highly focused on tasks. To address this issue, a way was explored to
restore concentration without breaking off ongoing tasks. In this study, an
external stimulus of several tens of seconds intended to prompt refreshment
was introduced. By regularly being refreshed for a short time, defined as
“Micro-Refresh” in this study, it is expected to prevent a decline in concentra-
tion. Figure 1 illustrates the concept of Micro-Refresh. Unlike Micro-Break,
Micro-Refresh is expected to return awareness on tasks or give a breather
when concentration declines, without interrupting the continuity of tasks
during periods of high concentration. As a stimulus for Micro-Refresh, air-
flow was used in this study. Airflow is known to have a relaxation effect.
For example, a study showed simulated natural wind decreases mental stress
compared to a windless condition (Ito, 2023). Hence, airflow stimulation is
expected to induce a relaxed state, allowing for a refreshed state when return-
ing to tasks. To verify the impact of this short-time airflow on intellectual
concentration, an evaluation experiment was conducted in this study.

METHODS

Overview of the Experiment

In the evaluation experiment, each participant performed a 45-minutes cog-
nitive task under both conditions: with and without airflow exposure. Then,
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the differences in CTR and responses to subjective questionnaires between
the conditions were compared.

Experimental Schedule

Each day from 14:00 to 19:00, 1 group consisting of up to 4 participants
joined the experiment. Figure 2 shows the schedule of the experiment. As
a cognitive task to measure CTR, the comparison task developed by Ueda
et al. (2016) was performed in each SET. The participants were asked to
determine the airflow intensity after the SET1, and they had the opportunity
to change it after they experienced the airflow in the SET2. It was not allowed
to change the airflow intensity after that. The conditions with airflow and
without airflow were presented in different order in SET3 and SET4 to take a
counterbalance of order effects. The SET3 was scheduled to start after 16:00
to eliminate the post-lunch dip effect from the analysis target SETs.

Figure 2: Schedule of the experiment.

The SET5 was used to eliminate terminal effects. Although the SET5 was
included in the schedule shown to participants in advance, it was not actually
conducted. As a dummy task to alleviate the monotony of the comparison
task, the Criss-Cross task was performed between breaks.

Experimental Environment

Airflow Design
In the experiment, a 20-second airflowwas exposed every 7.5 minutes during
a 45-minute cognitive task, under the condition with airflow. This is based
on a previous study, which incorporated a 20-second break every 7.5 minutes
of task time (Kitayama, 2023).

In this study, airflow was used as a stimulus for refreshment. To provide
individuals with comfortable airflow stimuli, the design of airflow needs to
take into account individual differences in airflow preferences. Thus, the
following elements were incorporated into the airflow design: 1) Selectable
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airflow intensity. 2) Airflow is exposed to a specific body area rather than
the entire body. 3) Airflow avoids direct contact with the skin. To meet these
purposes, the desktop fan (Product of Miyoshi Corp., Model number: USF-
19) was employed, as portrayed in Figure 3. The airflow intensity can be
selected as either low or high. The desktop fan was positioned at the top cen-
ter of the desk. The rotating part of the fan was oriented towards the desk
at a downward angle of −25◦ as shown in Figure 4, allowing the airflow to
pass along the desk to reach around worker ’s hands during tasks. The wind
speeds felt at hands are 1.28 m/s when the intensity is low, and 1.34 m/s when
the intensity is high.

Figure 3: Placed desktop fan.

Figure 4: Concept of airflow.

Environmental Settings
The experiment took place in an experimental room in Kyoto University. The
environmental settings of the room were set to meet the ISO standard, with
PMV (PredictedMean Vote) within± 0.5. Table 1 outlines the environmental
settings of the experiment. PMV and SET* (Standard Effective Temperature)
were calculated using the tool, THERble provided by Shin Nippon Air Tech-
nologies. For the calculations, the median values of room temperature and
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humidity were used, with other parameters: 24.0◦C mean radiated tempera-
ture, 0.10m/s air velocity, 0.70 clo amount of clothes, and 1.1 MET activity
rate. Although the air velocity could change during the airflow exposure,
since it was a short duration and was used as a stimulus, it was deemed an
exception for the calculations.

Table 1. Environmental settings of the experiment.

Factor Setting

Room temperature 25.0 ± 0.5◦C
Humidity 60 ± 15%
Noise level Less than 55dB
Carbon dioxide concentration Less than 700ppm
Desk illumination 650 ± 50lx
PMV 0.17
SET* 25.4◦C

Measurements

CTR
As an index to quantitively measure intellectual work performance, the Con-
centration Time Ratio (CTR) developed by Uchiyama et al. (2014) was
applied. CTR is the ratio of how long workers concentrate on the cogni-
tive task to the total task time, calculated using analysis of answering time
data. By not using task scores, CTR can evaluate performance without being
affected by the learning effect.

Subjective Questionnaires
Before and after the tasks, several subjective evaluations were administered.
Measurement items are as follows.

I. Subjective symptoms check (Sasaki, 2005), asking physical fatigue symp-
toms: feeling of sleepiness, dullness, and blurred vision. Each of these
factors is calculated as a total of five question items, each rated on a
5-point Likert ranging from 1 (completely disagree) to 5 (completely
agree).

II. Subjective fatigue/concentration questionnaire, asking the subjective level
of fatigue and concentration with the Magnitude Estimation Method
from 0: no fatigue at all, cannot (could not) concentrate at all, to 100:
cannot continue work, can (could) concentrate more than ever before.

III. NASA-TLX (Hart, 1998), asking the mental work load of the task. The
six items are rated from 0 to 100 using a Graphical Scale, and the NASA-
TLX is calculated by summing the products, each of which is obtained
by multiplying the respective rating by its corresponding weighting coef-
ficient obtained through one of the questionnaires conducted after the
experiment.

IV. DR questionnaire, asking about the detachment of consciousness from the
task, and the feeling of refreshment during the task. The airflow used in
the experiment is expected to shift focus from tasks and induce a sense of
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refreshment. To assess these effects, these were asked on a 5-point Likert
scale, from 1 to 5.

Additionally, questionnaires including several open-ended questions and
multiple-choice questions were conducted after the experiment. These asked
participants’ impressions of the airflow and preferences regarding length and
intervals of the airflow. Based on that, interviews by the experimenter with
participants were also carried out to gather more specific feedback.

Participants
The experiment took place from 14:00 to 19:00 on July 31 and August 2,
2023. 5 male and 2 female university students participated in the experi-
ment. It was conducted with the approval of the Ethics Review Committee
of the Graduate School of Energy Science, Kyoto University. To prevent differ-
ences in environmental sensitivity among participants, they were instructed
to participate wearing long sleeves.

RESULTS

The results of CTR for each participant are shown in Table 2. CTR improved
in 4 out of 7 participants under the condition with airflow. The subjective
evaluation results are shown in Table 3. In all items, the values after each
SET of the comparison task were assessed.

Table 2. Results of CTR for each participant.

Participant No. CTR With
Airflow (%)

CTR Without
Airflow (%)

Difference (%)
(With – Without)

1 43.1 53.6 −10.5
2 57.4 54.1 3.3
3 60.8 56.7 4.1
4 67.2 63.3 3.9
5 65.6 59.4 6.2
6 48.4 56.0 −7.6
7 42.8 53.9 −11.1
Average 55.0±9.5 56.7±3.3 −1.7±7.1

Table 3. Results of the subjective questionnaires.

Questionnaire Item With Airflow Without Airflow

Subjective Sleepiness 10.7±5.5 12.1±7.5
symptoms check Dullness 11.6±4.8 11.0±4.8

Blurred vision 10.9±4.6 11.6±5.5
Subjective fatigue/ Fatigue 56.1±27.6 54.6±26.5
concentration questionnaire Concentration 45.0±28.7 44.9±31.3
NASA-TLX NASA-TLX 56.7±16.5 55.1±19.9
DR questionnaire Detachment 3.4±1.4 3.0±1.4

Recovery 2.4±1.3 1.7±1.4
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The results of the questionnaires and interviews on the exposed airflow
were as follows.

• 6 participants answered they preferred airflow with longer exposure
length.

• 6 participants answered they preferred airflow at a higher frequency.
• 5 participants, including 4 participants whose CTR improved, had a pos-

itive impression of the airflow such as, “I felt refreshed.” and “I was able
to concentrate more after the airflow exposure”.

• 2 participants whose CTR decreased had a negative impression of the air-
flow such as, ID1: “I felt like the noise from the fan distracted me.”, and
ID7: “I was a bit shaken because there was a long interval until the next
airflow exposure. I prefer the interval is about 5 minutes”.

DISCUSSIONS

As shown in Table 2, the average CTR is 1.7% lower under the condi-
tion with airflow. However, given the small sample size of 7 participants,
it is essential to focus on the individual values for each participant. Under
the condition with airflow, CTR increased for 4 participants, all of whom
had a positive impression of the airflow. Conversely, CTR decreased for
3 participants, 2 of whom had a negative impression of the airflow. For
these 2 participants, CTR decreased by more than 10%, showing rela-
tively large differences between conditions compared to other participants.
Thus, it can be inferred that there is a potential for the airflow to improve
concentration when the airflow facilitates refreshment. However, in case
of that the airflow distracts concentration, the negative impact may out-
weigh the benefits of refreshment, leading to a significant decrease in
concentration.

As for the results of subjective evaluations, the result of sleepiness suggests
the airflow helped alleviate the feeling of drowsiness. In addition, the result
of recovery suggests a sense of refreshment was felt more under the condi-
tion with airflow. However, for other subjective evaluations, there were no
big differences among conditions. These results indicated that the presented
airflow tends to promote arousal and refreshment, but it does not appear to
have a substantial impact on the improvement of fatigue or concentration.

Based on the results of the participants’ preferences for the airflow, it was
implied that airflow at a higher frequency with longer exposure length might
be more appropriate. Additionally, it may be necessary to take measures to
reduce fan noise. Moreover, 2 male participants were sweating during the
experiment, likely due to wearing long sleeves as instructed. Before the anal-
ysis target SETs, there were opportunities to adjust the room temperature
based on participants’ requests for it being too warm or too cold. However,
the inability to change clothing from long sleeves may have increased some of
the participants’ sensory temperature so much that it could not be adjusted
by indoor temperature. Considering that workers can adjust their clothing in
an actual office environment, participants should be allowed to adjust their
clothing in the next experiment.



An Experimental Study on the Effect of Short-Term Airflow on Concentration 177

CONCLUSION

In this study, we attempted to provide workers with brief opportunities to
restore concentration repeatedly during intellectual work, by introducing
a 20-seconds airflow stimulus every 7.5 minutes. We named it “Micro-
Refresh” and evaluated its effect on intellectual work performance. The
results showed that the length and the timing of the airflow should be
modified to make the airflow effective in the improvement of intellectual
concentration. Based on the results, we decided to expose the airflow for 30
seconds every 4.5 minutes in the next experiment, under the condition of
adjustable clothing by the analysis target SETs. In addition to this, measures
to reduce fan noise, such as introducing a quieter desktop fan or incorporat-
ing actual office environment noise into the experimental environment should
be considered.
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