Intelligent Human Systems Integration (IHSI), Vol. 200, 2026, 119-130 AH IFE
https://doi.org/10.54941/ahfe1007071

International

Designing Experiments to Explore
Optimal Timing for Refreshing Breaks
During Cognitive Tasks Using Time-Series
Changes

Reika Abe', Masato Yamazaki', Kimi Ueda’', Hirotake Ishii’,
Hiroshi Shimoda’, and Fumiaki Obayashi?

'Graduate School of Energy Science, Kyoto University, Sakyo, Kyoto, 606-8501, Japan
2Panasonic Holdings Corporation, Kadoma, Osaka, 571-8501, Japan

ABSTRACT

In today’s information society, sustaining concentration in intellectual work has become
increasingly important. Although short breaks are known to mitigate declines in con-
centration, the optimal timing of such breaks remains unclear. This preliminary study
aimed to explore when individuals themselves perceive the need for a break as a pre-
liminary step toward identifying effective break strategies. Eight university students
participated in a laboratory experiment and performed a 45-minute cognitive task under
two conditions. In one condition (SET2), participants received a 30-second airflow stim-
ulus at fixed intervals (5, 35, and 40 minutes) and rested while the air flowed. In another
condition (SET3), they were instructed to press a button to request a 30-second airflow
stimulus whenever they felt the need and rested while the air flowed. Time-series anal-
ysis of concentration levels, based on response time data, was conducted to see the
relationship between the shift in concentration and break timing. The results suggested
that breaks taken at timings when concentration started to decline help restore con-
centration to higher levels and suppress further decline, whereas breaks taken based
solely on subjective judgment were not always well timed. Subjective questionnaires
indicated that none of the participants reported discomfort with the airflow stimuli, and
thus, there is the possibility that airflow stimuli could serve as a comfortable cue to
indicate break timing. Based on these findings, future research should aim to identify
individual patterns of concentration decline by increasing the number of SETs, as well
as compare these adaptive methods with regular periodic airflow stimulation to deter-
mine optimal break timing independent of self-judgment.
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INTRODUCTION

In today’s information society, the demand for intellectual work is relatively
high, and various studies have explored strategies to enhance intellectual
work performance. Among these, balancing break time and work time is
a crucial factor influencing intellectual productivity, as extended periods of
continuous work can lead to decreased concentration. Henning et al. (1997)
reported that during an hour of computer work, 30-second breaks taken
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every 15 minutes increased overall performance. More frequently, Dianita
et al. (2024) indicated that during 25 minutes of cognitive tasks, taking
30-second breaks every 7.5 minutes did not result in a decline in intellectual
productivity compared to not taking breaks (Dianita et al., 2024). On the
other hand, it has also been indicated that compulsory breaks can sometimes
interrupt task progress, leading to decreased performance (Brazaitis & Satas,
2023). Therefore, a strategy that encourages comfortable and natural breaks
is required.

One possible reason why regular breaks may sometimes fail to enhance
concentration is that they can be imposed even when workers are highly
focused and do not feel the need for a pause. While many studies have inves-
tigated different break intervals, no common optimal timing has been estab-
lished, and it has been concluded to depend on individual concentration
characteristics (Lim & Kwok, 2016). Therefore, through laboratory-based
experiments, this study aimed to explore when individuals themselves per-
ceive the need for a break as a preliminary step toward identifying the opti-
mal timing of breaks for sustaining concentration. In the experiment, partic-
ipants performed a 45-minute cognitive task and pressed a button to take a
30-second rest whenever they felt the need for a break.

In addition, breaks without interventions that facilitate relaxation and
recovery often fail to serve as effective opportunities for restoring concentra-
tion (Lee et al., 2015). To provide a clear signal of break time and to ensure
that the break can contribute to concentration recovery, this study incor-
porated airflow stimuli. Airflow has been shown to have relaxing effects
(Suseno & Hastjarjo, 2023). Moreover, airflow is one of the elements of
nature, and it has been suggested that such natural stimuli can help refresh
the mind and promote concentration recovery (Kaplan, 1995). Thus, in this
experiment, a 30-second airflow was delivered to participants’ hands when
they pressed the button, and they were instructed to rest while the airflow
was present.

METHOD
Overview of the Experiment

This study received approval from the Ethics Review Committee of the
Graduate School of Energy Science at Kyoto University. Recruitment was
conducted through the Kyoto University Cooperative, and 10 university stu-
dents, all native Japanese speakers, applied to participate. Prior to the lab
experiment, participants completed two sets of the 45-minute comparison
task at home to get used to the task and to find their own pace to complete
the 45-minute task. Following the results of the tasks at home, participant
screening was conducted, and 2 participants were excluded, leaving 8 par-
ticipants for the laboratory experiment. The lab experiment was conducted
from 14:00 to 19:00 on August 19 and 20, 2024, with four participants per
day. From response time data of the comparison task, time-series analysis of
concentration levels was conducted to see the relationship between the shift
in concentration and break timing.
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Lab Experimental Schedule

Figure 1 shows the schedule of the lab experiment. As a cognitive task, the
comparison task developed by Ueda et al. (2016) was performed at each
SET. After SET1 (practice for 3 minutes), participants experienced the air-
flow stimuli directed around their hands, both weak and strong, and were
asked to decide the preferred intensity for the subsequent experiment. In
SET2 of 45 minutes, airflow stimuli were automatically exposed at the fixed
timings of 5, 35, and 40 minutes. At each time, the airflow stimuli were
exposed for 30 seconds. Before SET2, participants were informed that there
would be a 30-second airflow during the task, but they were not told the
timing. They were instructed to take a break from the task while the airflow
stimuli were exposed. The purpose of SET2 was to familiarize participants
with the airflow stimuli and to let them experience a 30-minute task period
without breaks with the airflow stimuli. Subsequently, in SET3 of 45 min-
utes, they pressed a button to request airflow whenever they felt the need
to take 30-second breaks with airflow stimuli, and the 30-second airflow
stimuli were applied at those timings. They were instructed to take a break
during airflow exposure and to press the button at timings they believed
would maximize their performance. The purpose of this SET was to explore
the optimal timing for each participant to take a refreshing break that would
allow them to maintain concentration.

Criss-
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1omin. | 0 |10 min. | Ana|y5|s’target SET

® Ty ; ;
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Figure 1: Lab experimental schedule.

SET 2 was scheduled to start after 16:00 to avoid the post-lunch dip effect,
which causes sleepiness after lunch (Monk, 2005). SET4 was conducted to
eliminate the terminal effects from SET3, where motivation increases at the
end of a task (Ishii et al., 2018). The criss-Cross task was performed between
the comparison tasks to alleviate the monotony of the tasks.

Experimental Environment

Figure 2 shows the participants’ desk setup. Participants performed the com-
parison task on a tablet computer positioned on a stand. A desktop fan was
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placed on the top center of the desk, and its rotating part was angled down-
ward toward the desk at —25° as shown in Figure 3. On the top left of the
desk, a file of papers for the Criss-Cross tasks was placed, and on the bottom
left, a file of explanatory documents was placed. These files were turned over
during the comparison task to prevent these characters from becoming dis-
tracting visual information. The button to request airflow was positioned on

the right side of the desk.

Figure 2: Work desk.

90°
6%

Figure 3: Angle of the desktop fan.
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Subjective Questionnaires
Subjective Fatigue/Concentration Questionnaire

Before and after the comparison task, participants’ subjective levels of
fatigue and concentration were measured on a graphical scale. The level of
accumulated fatigue was asked from 0: no fatigue at all, to 100:cannot con-
tinue work. The level of concentration on the task was asked from 0: cannot
(could not) concentrate at all, to 100: can (could) concentrate more than ever
before. Participants’ previous answers were displayed at the top, and they
were able to answer while referring to these answers.

Questionnaire After the Experiment

A multiple-choice questionnaire asking about preferences for airflow stim-
uli and an open-ended questionnaire asking about the timings when they
pushed the button in SET3 were conducted after the experiment.

Screening Criteria

Before the lab experiment, participants completed two sets of 45-minute
comparison tasks at home to get used to the task and to adjust to the pace
required for the task. Checking the results of the tasks at home, some par-
ticipants were excluded from participating in the lab experiment, following
the data cleansing criteria: L. Participants who did not do the task, and II.
Participants whose answering time continued to get faster. Regarding crite-
rion I, these participants were excluded because they might not have fully
become accustomed to the task.

Analysis of Time-Series Changes in Intellectual Concentration

Participants’ changes in intellectual concentration level during the 45-minute
comparison task were analysed using a method that calculates the time-se-
ries changes in intellectual concentration from answering time data (Ueda
et al., 2022). This method is based on the analysis of the Concentration
Time Ratio (CTR), developed by Miyagi et al. (2013). From the overall
answering time histogram analysis, the concentration state can be fitted as
a log-normal distribution, and the expected answering time in the concen-
tration state (E) is determined. Then, for each response time, if the response
time is less than E, that response time is regarded as the concentration time.
If the response time is greater than E, E is regarded as the concentration
time, and the rest of the response is regarded as the non-concentration time.
Then, the concentration level within a given time window is calculated as
the total concentration time within that window. Using this method, the
change in concentration level over time can be observed by calculating this
ratio for each shift time.
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RESULT
Participants in the Laboratory Experiment

Based on the results of tasks at home, 2 participants were excluded from par-
ticipating in the lab experiment: Participant ID5 (Criterion II) and Participant
ID7 (Criterion I). Thus, 8 participants joined the lab experiment. Among
them, one was female and the others were male. Their average age was 22.3
+ 1.85 years old.

Time-Series Changes

The time-series changes in the concentration level were analysed with
a 500-second time window and a 30-second shift time, consistent with a pre-
vious study employing same cognitive tasks (Ueda et al., 2022). Figures 4 and
5 show the results of each participant in SET2 and SET3, respectively. The
x-axis indicates the elapsed time, and the y-axis indicates the concentration
level. In SET?2, red lines show when the airflow was automatically exposed
by the timings of 5, 35, and 40 minutes. In SET3, red lines show when the
airflow was exposed by the timings when the button was pressed.

Subjective questionnaires
Subjective Fatigue/Concentration Questionnaire

Figure 6 shows the transition of subjective Fatigue and Concentration in
subjective questionnaires. Fatigue tends to accumulate, and concentration
tends to decline over time. Figure 7 shows the changes in subjective Fatigue
and Concentration for each SET, calculated by subtracting the value before
SET from the value after SET. There is no outstanding difference in the level
of accumulated fatigue between SETs, but a tendency was observed where
concentration did not drop in SET 3 as much as in SET 2.

Questionnaire After the Experiment

Regarding the comfort or discomfort of the airflow stimuli, with O repre-
senting discomfort and 5 representing comfort on a 6-point Likert scale, the
participants’ average score was 3.75+0.46. All participants gave ratings of
3 or higher. In particular, among the participants who did not press the but-
ton in SET 3,1D3 gave a rating of 4, and ID10 gave a rating of 3, indicating
that even those who did not press the button did not find the airflow stimuli
uncomfortable. In addition, regarding the timing of pressing the button in
SET 3, the participants, except for ID3 and ID10, who did not press the but-
ton, reported that they pressed it when their concentration dropped or when
their response speed slowed.
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Subjective Fatigue Subjective Concentration

Figure 6: Transition graph of subjective fatigue and concentration.

Difference of Subjective Fatigue Difference of Subjective Concentration

Figure 7: Differences in before SET and after SET of subjective fatigue and
concentration.

DISCUSSION

Based on Figures 4 and 35, the transitions in each participant’s concentration
level in SET3 could be classified into four patterns, as shown in Figure 8.
Pattern 1 is where button presses occur a few times, mainly towards the second
half: participants ID1, ID2, and ID9. Pattern 2 is where button presses occur
a few times in the middle: participant ID4. Pattern 3 involves frequent but-
ton presses starting from the beginning: participants ID6 and ID8. Pattern 4
is where there are no button presses at all: participants ID3 and ID10.

Pattern1 (ID 1,2, 9) Pattern 2 (ID 4) Pattern 3 (ID 6, 8) Pattern 4 (ID 3, 10)
1D1: SET3 ID4: SET3 ID6: SET3 1D3: SET3
e A

Examples

Figure 8: Overview of the four patterns.

In Pattern 1, ID1 and ID2 in SET2 showed a tendency for the concentra-
tion level to decrease in the latter half. In SET3, the decline was not as pro-
nounced as in SET2, but still, in SET3, taking breaks in the latter half—when
concentration is more likely to decrease for ID 1 and ID2—may have helped
to suppress the decline in concentration level. On the other hand, although
ID9 maintained a relatively high concentration level in SET2, it declined in
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the latter half of SET3, leading to the button presses. However, the three
breaks taken by ID9 in SET3 did not restore concentration to the higher
level observed in the first half of SET3. Compared with other participants,
ID9 tended to press the button only after concentration had already declined
substantially. This might suggest that, in order to maintain a higher level of
concentration, it could be necessary to take breaks from an earlier stage,
when concentration starts to drop.

In Pattern 2, ID4 experienced a decline in concentration level at the end of
SET2, but in SET3, the decline occurred in the middle, which is likely why
the button was pressed.

In Pattern 3,ID6 and ID8 showed a tendency for the concentration level to
gradually decline from the beginning in SET2. Thus, it is assumed that they
attempted to maintain their concentration level in SET3 by taking regular
breaks from the start.

Finally, in Pattern 4, ID3 and ID10 were able to maintain their concentra-
tion levels without taking any breaks in SET3, implying that taking breaks
might have been perceived as disrupting their concentration.

From the results of subjective concentration shown in Figure 7, it was
suggested that, on average, participants found it easier to concentrate in
SET3, where they could choose their own break timings, compared to SET2.
Regarding subjective fatigue, although the differences were smaller than
those observed for subjective concentration, participants on average reported
slightly less fatigue accumulation in SET3. While order effects should also
be considered, the results that participants found it easier to concentrate in
SET3 than in SET2, and that fatigue levels were comparable despite SET3
being conducted in the latter set—when fatigue is generally more likely to
accumulate—might suggest that individually chosen break timings in SET3
could be more effective than the fixed break timings in SET2.

Overall, in Figures 4 and 5, SET3 showed a tendency to maintain con-
centration from the beginning of the task compared to SET2. This may be
because participants were able to take breaks at the times when their concen-
tration had started to decline, as answered in the open-ended questionnaire
after the experiment. However, as seen in ID9, taking a break after con-
centration had already dropped considerably might not function effectively
for recovering concentration. With breaks taken based solely on subjective
judgment, there is a possibility that the initial signs of declining concentra-
tion might be overlooked. Therefore, this preliminary study suggests that
promoting breaks through external stimuli at relatively early stages may help
sustain concentration.

In addition, SET2 and SET3 were quite insufficient for capturing each
participant’s pattern of changes in concentration. Therefore, future studies
should include an additional 45-minute set after SET3 or conduct a similar
experiment on another day to determine whether individuals show consis-
tent patterns of concentration change. This could clarify whether the timing
of breaks can be fixed depending on the person, or whether concentration
fluctuations differ completely across sets, requiring real-time detection of
concentration decline.
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CONCLUSION

This study explored the timing at which a 30-second break is needed. Several
patterns were observed in the timing of participants pressing the button,
and the findings suggested that breaks taken at optimal timings may help
suppress concentration decline. However, the results also indicated that
breaks based on subjective judgment may not always sustain high concen-
tration, highlighting the need for further investigation. Future studies should
examine individual patterns of concentration and optimal break timings in
detail. In addition, it would be valuable to investigate the preventive effects
of breaks by comparing the efficacy of regular, periodic breaks with that of
breaks taken at optimal timings of concentration decline. Notably, as no
participants reported discomfort with the airflow stimuli, it might be plau-
sible that breaks with airflow stimuli could serve as a preventive measure to
sustain concentration without disrupting ongoing focus during periods of
high concentration.
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