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Abstract  Affective interaction is the inexorable trend of the development of natural interaction.
Physiological computing provides a new approach to understand the physiological and emotional states
of users. However, there is no scientific consensus on whether there exists a stable relation between
emotional states and the physiological responses. The present study review the recent research on
physiological responses of autonomic nervous system activity in emotion and addressed to investigate
the profile of autonomic nervous responses during the experience of five basic emotions: sadness,
happiness, fear, anger, surprise and neutral. ECG and respiratory activity of fourteen healthy
volunteers was recorded with BIOPAC SYSTEM MP150 during their reading passages with five basic
emotional tones and neutral tone. Twelve indexes computed off-line from ECG and respiratory
activities were employed as dependent variables for statistic analysis. The results indicate that
significant or marginal differences are detected between the neutral and four basic emotions, except for
sadness. The physiological patterns of the five basic emotions are different. Therefore, these results
provide the positive evidence for the notion that the distinct patterns of peripheral physiological
activity are associated with different emotions. The findings also indicate that it is feasible and
effective to recognize users’ affective states based on physiological response patterns of ECG and

respiratory activities.
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Table 1 The Mean Differences of twelve Physiological Responses Between six Emotional States and Resting State

1 MELEEHRERGE PHEBEERLINEZREREZREENY

The Mean Differences of six Emotional States Minus Resting State

Parameters of Physiological Responses

Sadness Anger Surprise Fear Happiness Neutral
Mean Respiratory Time/ms —1687 —1951" —2011* — 2404 —2276" — 1447
Median Respiratory Time/ms —1879 —2221" —2366" —2601* —2528" —1569
Standard Deviation of Respiratory Time/ms 26 41 —96 —297 —174 59
Mean Respiratory Volume/V 1.53 1. 06 0. 82 0.72 0.63 0.11
Median Respiratory Volume/V 1. 66 0.93 0. 54 0.77 0.28 —0.09
Standard Deviation of Respiratory Volume/V 0.92 0. 89 0.79 0.76 0.73 0. 36
Mean RR Interval/ms — 76" —115* —114* —120* — 127 —93*
Standard Deviation of RR Interval/ms —9 2 —17 —38 —9 — 20~
Mean DeltaRR/ms —15 40 20 33 5 13
Standard Deviation of DeltaRR/ms 4 3 8 4 3 10
(Mean RR Interval)/Respiratory Cycle/ms —77 — 114" —111* —116* —122" — 95"
(Standard Deviation of RR Interval)/Respiratory Cycle/ms —15 —14 —11 —14 —11 —12

Notes: ** means p=<_0.01; * means p<C0.05. The stars mean the differences are statistically significant.
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Table 2 The Mean Differences of twelve Physiological Responses Between five Basic Emotions and Neutral State

FR2 SHEEEPHEBEE CHAEBERLNEREREEREENR

Parameters of Physiological Responses Sadness Anger Surprise Fear Happiness
Mean Respiratory Time/ms —193 —505 —564F —956* —8297
Median Respiratory Time/ms —265 —6567 —801f —1034" —961"
Standard Deviation of Respiratory Time/ms —32 —15 —154 —354* —231
Mean Respiratory Volume/V .43 0.94 0.71 0. 60 0.52
Median Respiratory Volume/V V77 1.02 0. 63 0. 86 0.37
Standard Deviation of Respiratory Volume/V 0. 57 0.53 0. 44 0. 40 0. 38
Mean RR Interval/ms 26 —28 —12 —24 —26
Standard Deviation of RR Interval/ms 11 23 4 12 11
Mean DeltaRR/ms —6 —7 —2 —6 —6
Standard Deviation of DeltaRR/ms —28 27 7 20 —8
(Mean RR Interval)/Respiratory Cycle/ms 29 —18 —15 —19 —27
(Standard Deviation of RR Interval)/Respiratory Cycle/ms —4 —2 —11* —2 1

Notes: ** means p<<0.01; * means p<C0.05; '
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means p<_0.10. The stars mean the differences are statistically significant.
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Table 3 The Mean Differences of twelve Physiological Responses Among five Basic Emotions

R3 BRPMESS S THERBEOBEI LK

Parameters of Anger Anger Anger Anger Surprise  Surprise  Surprise Fear Fear Happiness
Physiological Responses  Fear Surprise  Happiness Sadness Fear Happiness Sadness Happiness Sadness Sadness
Mean Respirat
can mesprratory 451 59 324 —312 391 264 —371 127 —763  —636"
Time/ms
Median Respirat .
ccian Respiratory 377 144 305 —391 233 161 — 536" —72  —769%  —696"
Time/ms
Standard Deviati f
neard Teviation o8 g5 139 216* 17 199° 77 —122 —122  —321%  —199¢
Respiratory Time/ms
Mean Respirat
can mespratory 0.11  —0.08 0.21 0.06 —0.19 0.10 —0.05 0.29 0.14 —0.15
Volume/V
Median Respirat
edian ResPIralory 518 —0.07  —0.05 0.18 —0.25  —0.23 0.01 0.02 0.26 0.24
Volume/V
Standard Deviation of ~
. 0.16 —0.05 —0.44 0.10 —0.21 —0. 60 —0.06 —0.39 0.15 0.54
Respiratory Volume/V
Mean RR Interval/ms —4 —16 —1 — 54 11 14 — 38" —3 —49* —52
Standard Deviation of
11 19 11 11 —9 —8 —8 1 1 0
RR Interval/ms
Mean DeltaRR/ms —4.75% —1.21 —0.45 —0.58 3.955 4. 30 4. 17 0.76 0.62 —0.13
Standard Deviation of -
20. 32 6.65 35. 46 55.48 —13.67 15.14 35.17 28. 81 48. 84 20.03
DeltaRR/ms
Mean RR T al
(Mean I?ervj)/ 1 —3 9 —47 4 12 — 44 8 — 49" —56
Respiratory Cycle/ms
(Standard Deviation of
RR Interval)/ 0 9 —3 1 —9 —12 —8 —3 1 4

Respiratory Cycle/ms

Notes: ** means p<0.01;
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* means p<_0.05. The stars mean the differences are statistically significant.
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