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 In recent years, long work hours and overtime work have become a social problem in 
Japan.  Therefore, attention is focused on improving the work style in Japan.  In particular, 
there is a demand for improving the efficiency of desk work.  In this paper, we aim to clarify 
the relationship between work and concentration, and the influence of interruptions on the 
concentration state and the number of working hours (work time) to realize appropriate time 
allocation in desk work.  In the experiment, staff members of the Toyama prefectural office were 
recruited as subjects to obtain data on the work times and concentration state.  We use a device 
called Spire to determine the concentration state.  Spire can acquire respiration information.  As 
a result, it was found to be necessary to continue work for 10 min or more in order to achieve 
high concentration and work efficiency.  However, it was found that if concentration was not 
attained within 10 min from the start of work, it was necessary to interrupt the work.  It was 
also found that interruption did not affect the work time or concentration state.

1. Introduction

 Some countries undergoing economic growth have the problem of overwork.  To cope with 
this problem, the Japanese government is encouraging changes in work style by introducing 
several policies.(1)  People are beginning to pay attention to the working style because of these 
government policies.  The Survey of the Labor Policy Research and Training Organization of 
the Independent Administrative Agency shows(2) that approximately 20% of all workers work 
at their desks.  Therefore, improving the efficiency of desk work is becoming important.  To 
improve the work efficiency of desk work, it is desirable to carry out work while maintaining a 
high concentration.  
 On the basis of this background, it is necessary to prevent interruptions to concentration due 
to, for example, task switching as much as possible.  In fact, the Toyama prefectural government 
is aiming to prevent interruptions to concentration by presenting a signboard that shows “no 
interruption time”.  There are other signboards that indicate the situation.  This signboard 
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can prevent interruptions to concentration.  However, the presentation of such information 
depends on the individual’s taste, and it is not always possible for the individual to concentrate 
during the specified time.  In addition, it is considered desirable that workers do not present the 
signboard if their concentration declines and the interruption does not affect their concentration.  
Consequently, when presenting “interruptible time” similarly to the above example, it is 
necessary to estimate the concentration state of workers and to present information dynamically.  
In addition, various tasks exist in desk work.  In order to maintain a high concentration, it is 
important to plan the order in which to perform these tasks.  For example, it may be desirable 
to start from an earlier task before concentration becomes high and to perform work requiring 
a high concentration and the longest duration of concentration.  However, as with the above 
example, this plan is executed on the basis of individual judgment and does not necessarily 
guarantee high work efficiency.  Therefore, we need to quantify the relationship between work 
efficiency and concentration.  In particular, if the time when concentration becomes high for 
each task can be clarified, it should be possible to present information tailored to each task.  
For example, if it has been identified that “this work requires 20 min of concentration”, it is 
necessary to reserve a time of 20 min or more to complete the work.  On the basis of this result, 
it will be possible to devise a plan of work and to present the “time to interrupt”, similarly to the 
above example, according to the work.  In this paper, we clarify the relationship between work 
efficiency and concentration in order to determine the appropriate time allocation for carrying 
out desk work.  
 The main contributions of this paper are as follows.
1) Appropriate time allocation of work focusing on concentration
 There have been many studies on the estimation of concentration during work.  However, to 

the best of our knowledge, there are no reports on performing tasks with appropriate time 
allocation in desk work.  In this paper, we report the relationship between the concentration 
state and the number of tasks.  In addition, we report the time for which the concentration 
state in work can be maintained.  Our results show that one task should be continued for 
more than 10 min in order to complete the task with appropriate time allocation focusing 
on the concentration state.  Furthermore, if concentration is not achieved within 10 min, the 
task should be interrupted immediately.

2) Relationship between concentration state and interruption
 This paper shows that interruptions in desk work have no effect on concentration.  Generally, 

we assume that interruptions during desk work affect concentration; however, in this 
experiment, we found no clear influence of interruption on concentration.

3) Interruptions are considered to affect business operations.  Therefore, it is necessary to 
consider the influence of interruptions within the appropriate time allocation of work 
focusing on the concentration state.  We investigated the impact on concentration when 
an interruption occurs in an actual field.  As a result, in this experimental environment, 
interruptions were not found to affect the concentration state.  This result disprove the 
existing notion that “interruption interferes with business.”

4) This method can cover many tasks in desk work.  Desk work involves various tasks.  
Research on the concentration state during desk work often focuses on one task.  The method 
of this study can cover most tasks in desk work.
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 The remainder of the paper is organized as follows.  Related studies are presented in Sect. 2.  
The experimental environment, experimental methods, task, and interruptions are described 
in Sect. 3.  In Sect. 4, we describe the sensing method in the experiment and the results of 
the experiment in Sect. 5.  The experimental considerations are described in Sect. 6, and the 
summary of the paper is described in Sect. 7.

2. Related Works

 This section describes the existing research related to this study.  First, the outline of the 
existing research is described focusing on the estimation method of worker’s concentration state 
in desk work.  Next, we outline the existing research focusing on interruptions to work.  Finally, 
the subject of this study is clarified.

2.1 Outline of existing research on estimation of worker’s concentration state

 There have been many studies on the estimation of the concentration state of workers 
performing desk work.  For the estimation of the concentration state, research has been 
conducted under the assumption that the subject is sitting in a chair and performing tasks such 
as PC work, study, and office work.(3,4)  In particular, Okubo and Fujimura(3) evaluated systems 
and graphical user interfaces (GUIs) that estimate the degree of concentration from information 
obtained via an acceleration sensor that is attached to a chair and presents the information to 
the user.  As a result, a strong negative feedback is confirmed between the power spectrum 
obtained by the Fourier transformation of the acceleration in the direction of three axes and the 
number of keystrokes on the keyboard.  In the evaluation of GUIs, the result is that an interface 
with graphs and level meters is easier to understand than an avatar alone for studies on the 
concentration state.
 For the purpose of realizing a virtual office in a work-at-home environment, Honda et al.(5) 

changed the work space in accordance with the degree of concentration.  The results of 
experiments on the degree of concentration confirmed that the change in behavior and the 
degree of concentration determined from the videos are roughly consistent.
 Concentration estimation using various methods has been reported, and it is not limited 
to desk work.  Yajima et al.(6) estimated concentration using body temperature, galvanic 
skin response (GSR), and pulse rate.  They developed the hardware to obtain these biological 
parameters.  As a result, they reported that GSR changes proportionally to the degree of 
concentration.  However, they consider that the accuracy of temperature- and pulse-based 
concentration estimation must be improved.
 There is a device that can estimate the concentration state by measuring eye blinks.  Uema et al.(7) 
estimated the concentration state using JINS MEME, which is a glasses-type wearable device.  
This device acquires the eye blink speed, the eye blink strength, and the number of blinks.  
Uema et al. also found that the number of eye blinks decreases when people are concentrated.
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2.2 Overview of existing research focusing on interruption

 Hashimoto et al.(8) proposed a method of estimating the appropriate timing of interruption 
in real time from PC operation and speech.  As a result, it was confirmed that the accuracy of 
interrupt estimation is improved compared with previous research by detecting the presence and 
end of conversation.
 In addition, Mark et al.(9) conducted experiments by creating three types of situations to 
confirm the impact caused by the interruption of operations.  Specifically, they conducted 
an experiment in which they used email correspondence related to human resources under 
three conditions, namely, no interruption of the task, interruption with a content related to the 
task, and interruption with a content not related to the task.  They performed NASA task load 
index (NASA-TLX) to evaluate the mental load subjectively after the experiment.  As a result, 
although there were no changes in the number of typographical errors or mistakes regarding 
the use of honorifics, it was confirmed that the stress and workload increased upon interrupting 
the task for 20 min.  There have also been studies that have confirmed that the state of health 
improves as a result of interruption and taking rest from the viewpoint of workers’ health.(10,11)

2.3 Issues of existing research and positioning of this research

 The degree of concentration estimated from the sensor values output by PC peripheral 
devices, such as keyboards and computer mice, indicates that the behavior of workers is greatly 
restricted.  Although there is no problem with desk work in the existing research, the desk work 
handled in this research is wide-ranging, and a method of estimating the degree of concentration 
independent of the environment is required.  In addition, in electroencephalography 
measurements, the load on workers can be considered.  Therefore, in this research, we will 
estimate the degree of concentration using a wearable device that does not depend on the 
environment and does not place a burden on the worker.
 In addition, in the research focusing on the interruptions of work, the method of estimating 
the degree of interruption and its influence on the work are described.  On the other hand, 
there are also studies that mention the merit of the improved health status due to interruption.  
The purpose of this research is to increase work efficiency focusing on the concentration state.  
Therefore, it is necessary to clarify the influence of interruptions on the concentration state 
during a task and to consider ways in which task interruptions occur.

3. Methodology

 In this section, we describe the experimental environment, tasks, interruptions, and 
experimental method considered in this research.  Specifically, the methods of estimating the 
concentration state and the number of working hours (work time), and confirming interruption 
are described.
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3.1 Purpose of experiment

 We aim to clarify the relationship between work efficiency and concentration stake, and the 
influence of interruptions on the concentration state and working hours.  Therefore, we verify 
the following:

 1) relationship between the concentration state and the number of tasks,
 2) time of maintaining concentration in work,
 3) change to the concentration state after interruption.

 The appropriate time allocation in desk work focusing on the concentration state is derived 
from the examination of 1) and 2).  In addition, we clarify the influence of interruptions on the 
concentration state by examining 3).

3.2 Experimental environment

 The experimental environment in this study was established with the cooperation of the 
Toyama Prefectural Government Office for Measures against Decline in Fertility and Citizens’ 
Activity Division, which is promoting the reformation of work styles and active participation of  
women in society by companies in Toyama Prefecture.  In addition, the subjects are four of 20 
members.  Written informed consent to participate was obtained after explaining the contents of 
the experiment in advance to the participants.  This study was approved by the Ethics Review 
Board of Toyama Prefectural University.

3.3	 Definition	of	interruptions

 The interruptions of work in this research are defined as the situations where it is necessary 
to interrupt desk work in the following cases:

 1) The subject receives a call during the task.
 2) The subject is spoken to during the task.

 As described above, instead of the workers’ own actions, situations where their work is 
interrupted by a third party are defined as interruptions in desk work.  In addition, changes in 
work by the workers themselves, such as voluntarily leaving their seat and meetings, are not 
treated as interruptions.

3.4	 Definition	of	task	in	desk	work

 We conducted interviews with the staff and classified the tasks to be tested.  In addition, in 
this research, desk work duties are assumed to include tasks other than PC tasks.  As a result of 
interviews, the tasks have been classified into the following:
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 1) email correspondence,
 2) what to investigate,
 3) document preparation,
 4) telephone call,
 5) meeting,
 6) leaving,
 7) going out,
 8) document perusal.
 In addition to tasks other than the above, the subject may take a break or spend time thinking 
during actual work hours.  Resting and thinking basically do not involve physical tasks.  
Therefore, it is difficult for a third person to determine whether the person is resting or thinking 
depending on the worker himself.  Therefore, in this experiment, while sitting at a desk for PC 
work and document entry, the time when no physical work is performed is treated as resting and 
thinking.
 Furthermore, in desk work, since a task is selected on the basis of the judgment of the 
worker, the definition of the continuation time of the task in the experiment has not been 
established.  Therefore, in this experiment, the state where a task is continued for one minute 
or more is defined as one task in this experiment.  In addition, 4) a telephone call is a task as 
well as an interruption.  In this case, it is considered to be a task (telephone call) if it lasts for 
more than one minute.  On the other hand, if it lasts for less than one minute, it is treated as one 
interruption (telephone call) occurring during a task.  Furthermore, we will treat resting and 
thinking in the same way as interruptions.
 In the experiment, the work time of 4 subjects and the concentration state during that time 
are acquired.  The subjects perform a total of 7 hours of work from 9:00 to 17:00 (except for a 
1 h lunch break).  The experimental period is 5 days.  We expected that this experiment could 
result in different outcomes depending on the peak period of the subjects’ work.  Therefore, this 
experiment was conducted when the subjects were not busy.  We analyzed the acquired data 
focusing on the relationship between work hours and the concentration state.
 Moreover, we consider that there are some tasks that are performed in parallel, such as doing 
other tasks during a meeting.  People sometimes are required to implement several tasks at the 
same time at the work place.  However, in this study, we conducted experiments and studied 
on the premise that a subject is required to focus on one task as a basic study.  We will conduct 
further research on efficiency of doing several tasks at the same time after analyzing the results 
of this study and clarifying the relationship between the concentration state and interruptions.

4. Sensing

 In this section, we describe the method of sensing tasks and concentration state.

4.1 Method of work estimating time

 We developed a task recording application to identify two points of the task content that 
subjects performed and the ease of concentration for each task.  In the experiment, we assumed 



Sensors and Materials, Vol. 32, No. 2 (2020) 681

that this application will be performed in parallel with normal work.  Therefore, this application 
must be a simple operation that interrupts normal work as little as possible.  The specifications 
of the business record application are summarized below.  Figure 1 shows the process diagram 
of the business application.

4.2 Estimation of concentration state

 In this research, we acquired biological information via a wearable device and estimate 
the concentration state.  Regarding the relationship between the concentration state and 
biological information, Vlemincx et al.(12) clarified the relationship between task properties and 
respiratory rate.  In their experiment, subjects were asked to perform stressed memory tasks (load 
tasks) and mental tasks that require concentration (central tasks).  As a result, the following 
results are obtained relative to the normal respiratory rate.

 Normal respiratory rate < respiratory rate for central tasks < respiratory rate for load tasks

 From the above, the respiratory rate is considered to be useful as biological information 
for estimating the concentration state.  Therefore, in this study, the concentration state is 
estimated by acquiring the respiratory rate.  In the experiment, we use a wearable device called 
Spire,(13) which can determine how long the subject has concentrated from his respiratory 
rate.  The concentration can also be estimated from GSR and eye blinks as described in Sect. 
2.1.  However, we considered that glasses-type devices such as JINS MEME might be slightly 
uncomfortable for subjects who do not usually wear glasses.  We believe that Spire is a more 
useful device because it can be easily attached to clothes and can minimize the effects on 
subjects during their task.
 Spire is clipped on the front of the pants as shown in Fig. 2 and worn so that it is closely 
attached to the abdomen for accurate measurement.  A previous work of Moraveji(14) showed 
that Spire measures the respiration rate per minute and determines the condition on the basis 
of  12 to 18 breaths, which are considered to be the average respiration rate per minute for 
adults.  Moraveji explained that Spire determines a person’s state on the basis of three measures, 
namely, “Calmness”, “Concentration”, and “Tension”, and the respiratory rates for these states 
in his research are listed in Table 1.  We also estimate the concentration state in accordance with 
Table 1.

4.3 Evaluation of concentration state

 In this evaluation, we confirmed the strength of each correlation in order to verify the 
relationships between the number of tasks and the concentration state, and the work time and 

Fig. 1. Transition diagram of task recording application.
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the concentration state, which is the purpose of the experiment.  
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 We use the Pearson correlation coefficient shown in Eq. (1) to measure the correlation 
strength.(15)  “n” in Eq. (1) is the number of data values.  Equation (1) takes values from −1.0 
to 1.0, where a negative value indicates a negative correlation and a positive value a positive 
correlation.  Additionally, Pearson’s product coefficient correlation coefficient is a scale with 
an absolute value from 0 to 1.0.  The strength of correlation is based on the Guildford criteria 
shown in Table 2.(16)

5. Results

 This section describes the results of the experiment.

5.1 Relationship between number of tasks and concentration state in each task

 Here, we describe the results for the number of tasks and the task time, the determination 
of the concentration state in each task, and the correlation between the number of tasks and the 
total work time when Spire indicates a state of concentration.

5.1.1 Number of tasks and task time

 Table 3 shows the number of tasks of each task type over 5 days for all 4 subjects in this 
experiment.  In addition, “going out” was excluded from the work because none of the subjects 
went out.
 The time required for each task was determined by the task recording application to be 
different from the actual time.  Therefore, we compared the motion records of all subjects taken 
during the experiment with the work records and corrected for the occurrence of interruptions 
and the timing of switching tasks.  Next, the proportion of time that all subjects worked on each 

Table 1
State and respiratory rate determined by Spire.

State Respiratory rate
(times / min) Breathing state 

Calmness 6 to 12 Slow breathing

Concentration 16 to 20 Consistent 
breathing

Tension 18 to 24 Unstable and fast 
breathing

Fig. 2. Installation location of Spire.
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task was calculated.  Figure 3 shows the results for “document preparation” and “meeting”.  The 
percentage of tasks consuming less than 10 min was high and accounted for over 60%.

5.1.2 Determination of concentration state in each task

 As a result of determining the concentration state during all tasks of all subjects using 
Spire, it was found that there were tasks in which the concentration state was indeed for 1 
min or more and tasks in which the concentration state was not induced at all.  The results are 
shown in Table 4, where T indicates that the concentration state induced for 1 min or more was 
observed over 5 days, and F is a task in which the concentration state induced for 1 min was not 
observed over 5 days.  Only the “document preparation” and “document perusal” tasks induced 
the concentration state in all subjects, while no other tasks induced the concentration state in 
all subjects.  Therefore, we will focus on “document preparation” and “document perusal” for 
further detailed discussions.  Also, we will discuss “all tasks” including them.
 Table 5 shows the total time in the concentration state for each subject determined using 
Spire.  Table 5 shows the following.
・	The longest time in the concentration state was 92 min on the first day for subject C.
・ The time in the concentration state was closest to 3 min on the second day for subject B.
・ For subjects A to C, there were days when the time in the concentration state was less than 

20 min, while for subject D, the time in the concentration state was 40 min or more on all 
five days.

Table 2
Interpretation of correlation coefficients based on Guildford criteria.

Size of correlation interpretation
0.90 to 1.00 (−0.90 to −1.00) Very high positive (negative) correlation
0.70 to 0.90 (−0.70 to −0.90) High positive (negative) correlation
0.50 to 0.70 (−0.50 to −0.70) Moderate positive (negative) correlation
0.30 to 0.50 (−0.30 to −0.50) Low positive (negative) correlation
0.00 to 0.30 (−0.00 to −0.30) Little if any correlation

Table 3
Number of tasks for each task type (5 days).

Subject A Subject B Subject C Subject D Total of each task type
Document preparation 61 114 68 91 334
Document perusal 15 21 38 31 105
What to investigate 7 17 2 14 40
Email correspondence 8 26 2 30 66
Meeting 7 18 28 9 62
Telephone call 11 23 28 12 74
Going out 31 44 33 39 147
Resting, thinking 48 51 31 80 210
Total number of tasks 188 314 230 306 1038
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5.1.3 Correlation between the number of tasks and total concentration time as 
determined using Spire

 In order to verify the relationship between the number of tasks and the concentration state, 
we calculated the correlation coefficient between the number of tasks for each subject per 
day and the total concentration time determined using Spire for each subject.  The correlation 
coefficient is −0.445 (p < 0.05), which indicates a low negative correlation on the basis of 
Gilford’s criteria.
 Figure 4 shows the number of tasks per day for all subjects and the total concentration 
time determined by Spire for each subject.  When the number of tasks per day is large, 
the concentration time becomes short, and when the number of tasks is small, the total 
concentration time tends to be long.

5.2 Relationship between concentration state and work time

 We examine the relationship between the work time until the subjects begin to be concentrate 
and the task type.  At the time of examination, we defined and compared tasks as follows.

Table 4
Tasks judged to induce concentration for one minute or more.

Subject A Subject B Subject C Subject D
Document preparation T T T T
Document perusal T T T T
What to investigate T T F T
Email correspondence F T T F
Meeting F T T T
Telephone call F F T T
Away T F F T

Table 5
Total time in the concentration state for each subject.

Day 1 Day 2 Day 3 Day 4 Day 5
Subject A 54 30 19 58 77
Subject B 16 3 23 34 25
Subject C 92 17 79 37 48
Subject D 47 51 47 72 48

Fig. 3. Percentage of time spent on (a) “document preparation” and (b) “meeting”.

(a) (b)
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・ In-concentration-state tasks: tasks for which the concentration state lasting at least 1 min 
was confirmed.

・ In-nonconcentration-state tasks: tasks for which the concentration state lasting more than 1 
min was not confirmed.

 The tasks to be examined are “all tasks”, “document preparation,” and “document perusal” 
presented in Sect. 5.1.2.  In addition, the effects of interruptions were considered by analysis 
with and without interruptions.  The results are shown in Table 6.  There is a significant 
difference between the work times of the concentrated and nonconcentrated tasks except for 
“document perusal”.
 Tables 7 and 8 show the average work times.  Their features are described below.

[With interruptions]
・	The average work time of the concentrated task for “all tasks”, “document preparation”, and 

“document perusal” is longer than that of the nonconcentrated task
・ The average work time of the concentrated task is more than twice that of the 

nonconcentrated task

[Without interruptions]
・	The average work time of the concentrated task for “all tasks”, “document preparation”, and 

“document perusal” is longer than that of the nonconcentrated task.
・ The average work time is shorter than those with interruptions regardless of the task type.

 From the above results, it can be seen that the concentrated task took longer than the 
nonconcentrated task regardless of the occurrence or absence of interruptions.  This indicates 
that there is little work being done in a concentration state in a short work time.  Therefore, in 
order to perform tasks in the concentration state, it is considered necessary to secure tasks with 

Fig. 4. Number of tasks and total concentration time per day.
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a certain number of working hours.  In particular, it is considered necessary to continue the 
work for more than 8 min in “document preparation” and for more than 6 min in “document 
perusal”.

5.3 Examination by concentration ratio

 Next, we focus on the concentration ratio and verify the concentrated task and work time.  
The concentration ratio is the ratio of the actual time in minutes for an in-concentration-state 
task per work hour, as shown in Eq. (2).  In order to verify the relationship between the work 
time and the concentration ratio, we calculated the correlation coefficient between the work 
time and concentration ratio of the concentrated task.  In addition, considering interruptions, 
examination was performed with and without interruptions.

 ( )      
          

- -
   

Actual time for in concentration statetask min
Concentration ra

rWork hou
tio =  (2)

5.3.1 Correlation between concentration ratio and work time (with interruptions)

 Table 9 shows the correlation coefficient between the work time and the concentration ratio 
when interruptions occurred in the concentrated work.  In addition, the “document perusal” was 

Table 7
Average working hours (with interruptions) [min].
Average work time (min) Concentrated task Nonconcentrated task
All tasks 22.3 7.95
Document preparation 25.5 11.1
Document perusal 21.0 10.3

Table 8
Average working hours (without interruptions) [min].
Average work time (min) Concentrated task Nonconcentrated task
All tasks 19.6 6.96
Document preparation 22.1 8.35
Document perusal 16.4 6.07

Table 6
Concentrated/nonconcentrated task and work time examination results.
Examination of work time for concentrated/nonconcentrated task (with interruptions)
All tasks Significant difference (p < 0.05)
Document preparation Significant difference (p < 0.05)
Document perusal No significant difference (p > 0.05)
Examination of work time for concentrated/nonconcentrated task (without interruptions)
All tasks Significant difference (p < 0.05)
Document preparation Significant difference (p < 0.05)
Document perusal Significant difference (p < 0.05)
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omitted because the number of data was insufficient.  On the basis of the Guildford criteria, 
“all tasks” confirmed a low negative correlation.  “Document preparation” showed little if 
any correlation.  In other words, there is a correlation between the concentration ratio and the 
work time in the concentrated task (with interruptions).  Figure 5 shows the concentration ratio 
relative to the work time.  The concentration ratio decreased as the work time increased.

5.3.2 Correlation between concentration ratio and work time (without interruptions)

 For concentrated tasks without interruptions, the correlation coefficient between the work 
time and the concentration ratio was as described in Sect. 5.3.1.  The results are shown in 
Table 10.  On the basis of the Guildford criteria, “all tasks” and “document preparation” showed 
a low negative correlation.  “Document perusal” showed a moderate negative correlation.  In 
other words, it was found that there is a correlation between the concentration ratio and the 
work time even without interruptions.  Figure 6 shows the concentration ratio relative to the 
number of business hours.  As a result, it was found that the concentration ratio decreased as the 
work time increased, as in the case with interruptions.

5.4 Relationship of work times obtained with and without interruptions

 In the concentrated task, we compared and examined the work times obtained with and 
without interruptions.  The results are shown in Table 11.  No significant difference in work 
time was found between concentrated tasks with or without interruptions.

6. Discussion

 In this section, we discuss the experimental results.

6.1 Relationship between concentration state and number of tasks

 As described in Sect. 5.1, the correlation coefficient calculated from the number of tasks 
per day of each subject and the concentration time in each task showed a moderate negative 
correlation on the basis of the Guildford criteria.  From this result, we found that when the 
number of tasks per day increases, the total concentration time tends to decrease.  Therefore, it 
is considered better to continue one task to some extent in order to improve the task efficiency, 
focusing on the concentration state.

Table 9
Correlation coefficient between concentrated task (with interruptions) and concentration ratio.

All tasks Document preparation
All subjects −0.438 −0.623
p-value p < 0.05 p < 0.05
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Fig. 6. Graphs of work times obtained and concentration ratio (without interruptions).

Table 11
Examination result of work hours with and without interruption.
All tasks Document preparation
Document preparation No significant difference (p > 0.05)
Document perusal No significant difference (p > 0.05)

Table 10
Correlation coefficient between concentrated task (without interruptions) and concentration ratio.

All tasks Document preparation Document perusal
All subjects −0.428 −0.424 −0.553
p-value p < 0.05 p < 0.05 p < 0.05

(a)

(b) (c)

Fig. 5. Work time vs concentration ratio (with interruptions).

(a) (b)
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6.2 Relationship between concentration state and work time

 As explained in Sect. 5.2, concentration could not be confirmed if the work time was 
short, and it was necessary to continue the task for a certain period of time to achieve the 
concentration state.  Specifically, we found that the concentration state cannot be confirmed, 
that is, the time of the nonconcentrated task was determined to be on average 11 min for “document 
preparation”, 10 min for “document perusal”.  Therefore, we found that it is necessary to carry 
out tasks longer than this time to achieve the concentration state.
 On the other hand, when analyzing the relationship between the concentration state and the 
work time focusing on the concentration ratio, as described in Sect. 5.3, the concentration ratio 
decreases as the work hour increases.  Therefore, we considered that the longer the time, the 
less efficient the work.
 In addition, Fig. 7 shows the time from the start of the concentrated task to the time of the 
concentration state onset.  The horizontal axis shows the time from the start of the task and the 
vertical axis shows the time of the concentration state onset.  We can see from Fig. 7 that there 
are many cases where concentration starts within about 10 min from the start of the task.  On 
the other hand, after about 10 min from the start of the task, there are extremely few cases in 
which concentration starts.  In other words, if 10 min has passed since the start of the task and 
the subject has not reached the concentration state by that time, it will be difficult to attain the 
concentration state even if the task is continued further.
 From the above results, we found that, to carry out desk work efficiently, if the concentration 
state sets in within 10 min, it is advantageous to continue the task; otherwise, it is beneficial to 
discontinue it.

6.3 Consideration of relationship between concentration state and degree of interruption

 As shown in Sect. 5.4, no significant difference in concentration time was found between 
cases with and without interruptions.  Therefore, even if an interruption occurs, it is considered 
to not affect the work time of the concentrated task.

Fig. 7. Time from the start of task to time of concentration state onset.
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7. Conclusion

 In this research, in order to improve desk work efficiency, we focused on concentration and 
aimed to clarify the relationship between the concentration state and the work time.  In the 
experiment, task contents were acquired from workers actually engaged in desk work, and the 
concentration state of each worker was acquired using Spire.  As a result, three things became 
clear.
 The first is that the total concentration time tends to be shorter if the number of tasks per day 
is large.  Therefore, in order to optimize operations by focusing on concentration, it is better to 
have a smaller number of tasks per day.
 The second is that for a single task, if the task time is short, the degree concentration will 
be low and if the task time is long, the proportion of concentration time will be low.  In the 
environment of this experiment, it was found that the efficiency can be improved by performing 
a task for 10 min or more.  However, it was also found that if concentration was not attained 
within 10 min from the start of the task, it was difficult to attain concentration at a later time, so 
the task should be discontinued.
 The third is that an interruption did not affect the concentrated task.
 After the experiment, we did some interviews and shared knowledge with Toyama 
prefectural government officials.  They responded that they would pay more attention to their 
workload if workload had impact on the concentration state.  In addition, they requested us 
to provide useful information to determine their time allocation for the work.  However, they 
placed importance on making their own schedule, not the schedule that the computer decides.  
Therefore, as a future perspective, we will present the optimum work time to workers focusing 
on the concentration state that was clarified in this study and evaluate its effects.  In particular, 
there will be a need for a system that dynamically determines whether to continue tasks when 
concentration is observed within 10 min of the start of the task.
 In addition, to further discuss desk work efficiency, we also consider information 
presentation methods.  For example, at an actual site, priority can be given to the completion of 
a task, and the task can be continued even after a rest.  Therefore, we will advance research on 
the basis of persuasive technology (17,18) as a way to persuade workers to discontinue tasks.
 In this study, we conducted experiments in a normal season.  On the other hand, we found 
that it was necessary to conduct further research and measure experiments conducted at 
different work statuses of subjects.
 Furthermore, in this experiment, we did not consider the parallel processing of work in the 
environment.  However, desk work is diverse and parallel processing may occur.  In that case, 
we must investigate the influence of concurrent task on the concentration state when working a 
task during another task.  If this does not affect, we may consider parallel processing (two tasks) 
as one side task.  Otherwise, we must redefine the combination of tasks as a single task.  For 
example, we must define “create a mail during a meeting” as the single task “meeting + mail 
correspondence”.
 Since the prefectural officer generally rotates various jobs every three years, we found that 
there were differences between their first year and third year  experiences from interviews.  
For this reason, we expect that there will be a difference in the degree of concentration due 
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to a difference in the number of years of service such as in the cases of experienced and new 
employees.  In addition, we learned from interviews that the time during which people could 
concentrate might differ individually.  Therefore, we need to consider personal attributes such 
as the number of years of service in future research.
 In the future, this research in other industries will be extended.  For example, if workers 
could not concentrate enough on their job at factories in manufacturing industries, they may 
have serious problems.  Therefore, we believe that investigating the relationship between 
concentration and work in this study is meaningful.  In this case, the knowledge gained from 
the experiment will lead to not only operational efficiency but also risk management.
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