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Detection of temporary rest state
when performing intelligent works

Evaluation of intellectual productivity in actual
office works can be performed.




Physiological indices
ECG The autonomic nervous system

*Sympathetic nerve The low (0.05-0.20Hz) and high (0.20-
-Parasympathetic nerve | 0.35Hz) frequency wave of heart rate

-

EEG Brain activity
"0 wave Calculated by the power spectrum of EEG
3 wave (a:8-13Hz B:13-30Hz)
EMG around left eye Mental state or arousal level
-eye blink ﬁThe frequency of eye blink and saccade J
-saccade movement movement

- High temporal resolution (these features is calculated every 2 seconds)

l[: - These features change according to mental state
- The load on subjects is light during measurement of these indice55




Physiological indices

j‘> Physiological indices depend on
subjects or tasks

.

 The standards of detection is calculated for
each subject and task.

- Temporary rest state is detected statistically by
using linear discrimination analysis (LDA)




Method of detection

Lt1
- Explanatory variable vector is calculated every 2 seconds. T49
- Each variable is physiological feature. Ly =
- TWO measurements are required. Lip ]
[ First measurement: Measuring training data to calculate LDA classifier. ]
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[Second measurement: Measuring test data and applying them to classifier ]
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Measurement of physiological indices

26 subjects (male/university student)
age: 19-25 (average:21)

5 tasks (7.5min/task X 2 measurement=15min)
(1-digit addition, 3-digit addition, classification,
block assembling, text typing)

EMG
EEG
GND (Base)

(Pz, Cz, Fz)

ECG




Measurement’s procedure

: : 1-digit addition
[Practlce (20min) 15min

NASA-TLX (20min)

3-digit addition
15min

[Preparation (20min) p—
Rest (5min

[Measurement (85min) Cmsfé‘lﬁﬁtmn
Text typing
' i - 15min
[Questlonnalre (20min)
X

S Rest (5min)
-Age

Block assembling
15min




Measurements

Contrastive state
to condition I

[ First measurement: Measuring training data to/>
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| Based on training data, these classifier is calculated.
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Measurements

[Second measurement: Measuring test data and applying them to classifier ]

Subjects switch conditions freely

Every 2 sec
(Display is not changed)
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Result

B \Work state B Temporary rest state

Actual
mental state

Detected
mental state

0 30 60 90 120 150 180 210
time(s)
(Subject12 3-digit addition) 67.8%
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Result

B \Work state B Temporary rest state

Actual
mental state

Detected
mental state

i i i i i
90 120 150 180 210
time(s)

(Subject13 1-digit addition) 94.2%
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Result

B \Work state B Temporary rest state

Actual
mental state

Detected
mental state
| | | | | | |
0 30 60 90 120 150 180 210
time(s)
(Subject10 3-digit addition) 30.9%
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Result

Correct detection rate

Subject n this algorithm random guessing
Mean(%) SD Mean(%) SD
| Subject 1 5 61.2* 11.6 46.3 79 |
| Subject 2 5 57.9* 8.3 45.2 5.2 |
Subject 3 5 57.2 12.5 44.6 4.6
| Subject 4 4 67.3* 14.0 39.3 19 |
| Subject 5 5 70.7* 145 45.1 11
| Subject 6 5 63.3* 9.2 45.9 50 |
| Subject 7 5 59.7* 13.2 37.5 15 |
| Subject 8 5 66.4* 7.9 48.5 51 |
Subject 9 5 56.7 105 47.1 2.4
Subject 10 5 43.3 12.6 41.6 2.6
| Subject 11 5 73.0* 13.6 45.4 33 |
| Subject 12 5 64.1* 9.8 46.9 23 |
| Subject 13 4 76.8* 11.4 41.4 19 |
| Subject 14 5 61.2* 9.2 49.5 74 |
| Subject 15 5 69.4* 13.7 43.4 19 |
| Subject 16 5 66.7* 9.4 45.4 19 |
| Subject 17 5 72.8* 5.0 50.3 13
| Subject 18 5 64.4 8.8 49.2 34 |
Subject 19 5 61.8 18.6 46.4 3.3
| Subject 20 5 64.8* 4.3 51.1 15 )
Subject 21 5 70.1* 15.9 41.5 1.2

*: p<0.05
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Result

**: n<0.01
Correct detection rate

Task n this algorithm random guessing

Mean(%) | SD | Mean(%) | SD
1-digit addition 21 | 64.6** 17.0 | 44.2 3.8
3-digit addition 21 | 65.5%* 12.5 | 46.4 5.1
Classification 21 | 66.5%* 11.3 | 48.4 5.7
Block assembling | 20 | 63.1%** 10.9 | 43.9 4.7
Text typing 20 | 60.5%* 14.5 | 44.0 4.1

The mean correct
detection rate
64.1%

18.7% higher than
random guessing f

16



Further study

« Higher detection accuracy

\ ¢

Many considerations
-Physiological indices
- Detection methods
* Measurement’s methods  etc.

* In this study, we selected tasks which are able to be

controlled easily.
In further study, we will use actual office works and aim

at evaluating intellectual productivity more accurately.




Thank you
for attention.




RANDOM GUESSING

/ Random guessing \
DI — > [ Work state ]

[ Temporary rest }
state

[ The ratio of work state } — Pt
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/ From task log

[ The ratio of temporary rest state } — Pr

\ We defined/




RANDOM GUESSING

Actual state Work state (Pt) Temporary rest state (Pr)
| Detected state

Work state
(1/3)

Temporary rest state
(2/3)

False detection random guessing is calculated.

20

O Correct detection
Q . Based on this, the accuracy of




1-DIGIT ADDITION

Task condition
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3-DIGIT ADDITION
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CLASSIFICATION (TASK CONDITION)




CLASSIFICATION (CONTROL CONDITION)
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CLASSIFICATION (REST CONDITION)
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TEXT TYPING (TASK CONDITION)
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TEXT TYPING (CONTROL CONDITION)
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BLOCK ASSEMBLING (TASK CONDITION)
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TEXT TYPING (CONTROL CONDITION)
(REST CONDITION)

Drop & drag blocks F :
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