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The Influence of Topic Exploration and Topic Relevance On Amplitudes
of Endogenous ERP Components in Real-Time Video Watching

Yong Ho Kim*, Hyun Hee Kim'"

ABSTRACT

To delve into the semantic gap problem of the automatic video summarization, we focused on an

endogenous ERP responses at around 400ms and 600ms after the on-set of audio-visual stimulus. Our

experiment included two factors: the topic exploration of experimental conditions (Topic Given vs. Topic

Exploring) as a between—subject factor and the topic relevance of the shots (Topic-Relevant vs. Topic—
Irrelevant) as a within—subject factor. For the Topic Given condition of 22 subjects, 6 short historical
documentaries were shown with their video titles and written summaries, while in the Topic Exploring

condition of 25 subjects, they were asked instead to explore topics of the same videos with no given

information. EEG data were gathered while they were watching videos in real time. It was hypothesized

that the cognitive activities to explore topics of videos while watching individual shots increase the
amplitude of endogenous ERP at around 600 ms after the onset of topic relevant shots. The amplitude
of endogenous ERP at around 400ms after the onset of topic-irrelevant shots was hypothesized to be
lower in the Topic Given condition than that in the Topic Exploring condition. The repeated measure
MANOVA test revealed that two hypotheses were acceptable.

Key words: Automatic Video Summarization, Semantic Gap Problem, Endogenous ERP Component,
Topic-Relevance, Shot Boundary Detection
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Fig. 1. Theoretical Framework: Cognitive Model of Multimedia Comprehension (R, Mayer, 2005).
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Table 1. MANOVA Test results from Mean difference of P600 amplitudes in mV

Topic Exploring Topic Given interaction
P600 Condition Condition main effects | main effects offects
(TE, N=25) (TG, N=22)
. Relevant | Irrelevant | Relevant | Irrelevant EXD Topic Condition
Area Position Shot Shot Shot Shot Condition Relevance of “Relevan
© oS oS PHOLS (TE vs. TG) | Shots (Rel) clevance
Pre- FP1 5.45 2.63 4.47 -1.03 1.23 7.52%% 0.78
frontal FP2 4.65 2.13 3.83 -1.09 1.13 6.36% 0.67
Fz 4.38 2.16 -0.55 -1.45 21.67*xxb 4.54% 0.82
F3 4.37 2.70 -0.71 -0.78 18.20#xb 1.02 0.85
Frontal F4 4.08 1.19 0.63 -3.56 12.56%*xb 15.16%*xb 0.51
F7 3.84 3.36 -0.03 0.27 4,34 0.00 0.07
F8 3.13 1.28 3.16 -7.46 6.20% 19.75%*xb 9.77*x
FT7 3.45 3.69 0.13 1.99 6.11% 1.12 0.72
FT8 291 2.03 1.72 -3.14 7.30%x% 8.62:#% 4.13*
Temporal T7 3.44 3.54 1.78 0.57 6.04x 0.51 0.70
D T8 3.00 3.98 0.11 2.57 5.41% 5.03* 091
TP7 3.36 3.57 1.36 1.60 5.94x 0.10 0.00
TP8 4.02 3.12 3.22 241 1.02 2.17 0.01
Cz 498 1.87 -0.82 -1.07 25.52%#xxh 7.645% 5.52%
Central C3 4.30 2.60 -0.15 0.13 19.96%xb 1.12 2.22
C4 4.63 2.31 1.23 -0.98 16.44%%xb 15.34%xb 0.01
Fronto— FCz 4.29 1.49 -0.99 -1.90 23.27xxb 7.66%% 1.98
Central FC3 4.06 2.42 -0.32 -0.17 18.26%*xb 1.26 1.84
aral o peg 4.19 145 113 -2.02 11.18%x 16,04%%xb 0.07
Centro- CPz 5.13 2.94 0.20 0.87 20.14xxb 1.20 424
PZriefal CP3 4.78 2.56 1.02 1.77 14.00%*xb 0.13 2.70
CP4 4.95 3.42 2.36 1.39 10.90x: 391 0.19
Pz 5.08 4.09 1.99 2.82 9.745x% 0.01 1.89
P3 4.83 4.60 2.47 3.76 4.33% 0.82 1.67
Parietal P4 5.33 4.34 4.38 4.13 0.75 1.07 0.38
P7 3.45 3.89 2.93 3.92 0.07 2.33 0.53
P8 4.54 3.90 5.97 3.70 0.65 4.65% 1.47
Oz 3.20 3.34 5.44 4.22 3.08 0.80 1.31
Occipital 01 3.78 3.66 4.95 6.04 4.50% 0.59 0.92
02 3.97 3.59 5.86 6.50 8.20%x 0.66 0.92

Note. Cells are means of amplitudes, t-values; *, p<0.05; *x, p<0.01; **x p<0.001; b, p<0.0017 sig. after Bonferroni
correction for multiple comparison.
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Table 2, MANOVA Test results from Mean difference of N40O amplitudes in mV

Topic Exploring Topic Given Interaction
N400 Condition Condition Main Effects by Effects
(TE, N=25) (TG, N=22)
.. Relevant | Irrelev— |Relevant | Irrelevant Experuﬁfantal Topic Relevance Condition
Area Position Shot nt Shots| Shot Shot Condition of Shots “Relevan
N a o oL o (TE vs. TG)| (Rel. vs. Irrel.) clevance
Pre- FP1 -3.44 -6.44 -4.03 -8.98 0.70 891k 0.53
frontal FP2 -3.22 =7.02 -4.78 -8.95 1.25 8.92:%x% 0.02
Fz -3.19 -6.69 =7.57 -7.87 6.15% 5.69% 4.05%
F3 -4.12 -6.32 =7.44 =741 3.07 1.29 1.40
Frontal F4 -3.70 -8.02 -6.65 -10.00 3.67 15.05%**b 0.24
F7 -4.95 -5.35 -7.63 -7.60 1.70 0.01 0.02
F8 -4.55 -6.86 -5.14 -15.15 7.81%x% 18.29%x*xb 7.15%x%
FT7 -4.31 -4.43 -6.36 -5.10 1.59 0.32 0.48
FT8 -4.64 -5.86 -4.86 -9.47 2.99 8.23%x% 278
Temporal T7 -4.10 -3.17 -5.14 -5.50 2.87 0.10 0.54
p T8 -4.97 -4.01 -5.71 -3.25 0.00 7.045 1.34
TP7 -2.14 -2.84 -3.83 -4.14 3.22 0.52 0.07
TP8 -2.06 -4.00 -1.41 -2.92 1.04 10.10%3 0.15
Cz -2.30 -6.02 -7.58 -6.98 7.78%x* 5.12x% 9.92:#%
Central C3 -2.76 -5.51 -6.36 -6.03 351 2.69 4.39x
C4 -2.77 -6.16 -5.60 -6.86 2.65 14.78%*xb 3.08
Fronto— FCz -3.25 -7.06 -7.76 -8.18 6.11% 6.84% 4.35%
Central FC3 -3.49 -5.93 -6.90 -6.45 3.13 1.88 3.97
entra FC4 -3.22 714 | -607 | -833 3.00 15.32%%%b 1.10
Centro- CPz -1.86 -5.37 -6.12 -4.86 2.60 2.27 9.02::%
Parietal CP3 -1.88 -4.56 -4.77 -4.50 1.79 3.19 4.78%x*
CP4 -1.74 -4.73 -3.86 -4.30 0.56 798 4,41
Pz -1.49 -3.83 -3.90 -2.51 0.22 0.41 6.21
P3 -1.28 -3.08 -3.09 -1.99 0.12 0.25 4.32:
Parietal P4 -0.92 -3.46 -1.11 -1.02 1.12 4.34% 4.93%
P7 -1.36 -2.39 -0.88 -0.68 1.94 0.61 1.34
P8 -1.05 -2.47 1.76 -1.03 6.02% 10.77+3 1.15
Oz -3.36 -2.35 1.40 -0.54 12.60%*xb 0.72 7.22%%
Occipital 01 -1.94 -3.31 0.53 1.74 15.97+#xb 0.02 5.22:
02 -1.91 -2.81 1.18 2.14 21.47*xxDb 0.00 3.80

Note. Cells are means of amplitudes, t-values;
correction for multiple comparison.
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