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Figure 1 - illustration of feature extraction
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1) k42t A (Long Short-term Memory, LSTM ) °
2) Transformer®

3) Hopfield Layer’

34 3 %423 (Multi-Instance Learning, MIL )

RFFRBIBTHORPAER > AEOR TGP EeRSEZR—BRXFET B
SR 4 FIBT R AR T RF AR A S K152 B ey XRAE o+ 4 438
EYAE AN B S R A A F BT LA B REET A Sheh2 4k o

- —
H Feature Extraction
b 4 . 1 MIL model
[, Y - Lo MIL pooiing
- [07T) Binary prediction
—— ) ¢
(o) )
g v - [on |
ol S L AR R T o
—— o1 |
- v
\ 4
M (o]
220 e

Figure 2 - illustration of multi-instance learning
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4.1 FB— (Single Modality Training )

AE RSB A B — 4544 (single modality feature ) X3t ° # R — %
BlZ 2R BRIAEA F > b B E A A AZFE (monologue) #1178
R BRECE R P A A FE (dialogue) BR&FERAI 0 £ R

Monologue Dialogue

Single Modality Feature Single Modality Feature ' Single Modality Feature

dim=N L dim=N dim=N J

Dense Layer Nx128x 128 x 128

Deception Detection Model

Deception Detection Model

Deception
Prediciton

Deception
Prediciton

Figure 3 - illustration of the model framework of experiment I

parameter | learning rate | epoch | batch size | wighted sampling | loss function
value 0.001 30 64 TRUE cross-entropy

Table 2 - parameter of experiment [

model feature feature pooling conversation ACC UAR Precision F1 score
LST™M BERT mean monologue 0.7669 0.5576 0.5515 0.5539
LST™M BERT mean dialogue 0.7337 0.5755 0.5535 0.5566
LST™M Wav2Vec mean monologue 0.6936 0.5532 0.5302 0.5215
LST™M Wav2Vec mean dialogue 0.6848 0.5358 0.5202 0.5089
LST™M ACO mean monologue 0.8467 0.4954 0.4821 0.4762
LSTM ACO mean dialogue 0.8097 0.5439 0.5507 0.5466
LST™M CTD mean monologue 0.7582 0.5425 0.5367 0.5386
LST™M CTD mean dialogue 0.7506 0.5402 0.5333 0.5350
Transformer BERT mean monologue 0.8180 0.5585 0.5845 0.5658
Transformer BERT mean dialogue 0.8308 0.6335 0.6474 0.6397
Transformer Wav2Vec mean monologue 0.7803 0.5298 0.5277 0.5286
Transformer Wav2Vec mean dialogue 0.7338 0.5228 0.5160 0.5142
Transformer CTD mean monologue 0.7860 0.5725 0.5686 0.5704
Transformer CTD mean dialogue 0.7214 0.5974 0.5617 0.5633

Table 3 - result of experiment I
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Figure 4 - illustration of model framework of experiment I1

parameter | learning rate | epoch | batch size | wighted sampling | loss function
value 0.001 30 64 TRUE cross-entropy
Table 4 - parameter of experiment I1-1

model features feature pooling conversation random seed ACC UAR Precision  FI scroe
LSTM BERT, Wav2Vec, CTD min monologue 2022 0.6515 0.6369 0.5652 0.5398
LSTM BERT, Wav2Vec, CTD min monologue 6 0.5656 0.5781 0.5353 0.4765
LSTM BERT, Wav2Vec, CTD min monologue 25 0.7378 0.5493 0.5333 0.5335
LSTM BERT, Wav2Vec, CTD min monologue 9 0.7336 0.5926 0.5567 0.5583
LSTM BERT, Wav2Vec, CTD min monologue 14 0.4891 0.6124 0.5518 0.4426
LSTM BERT, Wav2Vec, CTD mean monologue 2022 0.7782 0.5762 0.5601 0.5652
LSTM BERT, Wav2Vec, CTD mean monologue 6 0.7758 0.5628 0.5507 0.5545
LSTM BERT, Wav2Vec, CTD mean monologue 25 0.7949 0.5798 0.5697 0.5738
LSTM BERT, Wav2Vec, CTD mean monologue 9 0.8035 0.5560 0.5572 0.5566
LSTM BERT, Wav2Vec, CTD mean monologue 14 0.8197 0.5266 0.5381 0.5287
LSTM BERT, Wav2Vec, CTD max monologue 2022 0.5814 0.5102 0.5048 0.4596
LSTM BERT, Wav2Vec, CTD max monologue 6 0.6133 0.6140 0.5526 0.5123
LSTM BERT, Wav2Vec, CTD max monologue 25 0.5682 0.6321 0.5592 0.4938
LSTM BERT, Wav2Vec, CTD max monologue 9 0.5552 0.5859 0.5386 0.4735
LSTM BERT, Wav2Vec, CTD max monologue 14 0.6048 0.6318 0.5600 0.5137
Transformer BERT, Wav2Vec, CTD min monologue 2022 0.7152 0.5873 0.5505 0.5478
Transformer BERT, Wav2Vec, CTD min monologue 6 0.6843 0.6327 0.5671 0.5547
Transformer BERT, Wav2Vec, CTD min monologue 25 0.7037 0.5782 0.5441 0.5384
Transformer BERT, Wav2Vec, CTD min monologue 9 0.6286 0.6205 0.5563 0.5223
Transformer BERT, Wav2Vec, CTD min monologue 14 0.7177 0.6281 0.5706 0.5692
Transformer BERT, Wav2Vec, CTD mean monologue 2022 0.7964 0.5454 0.5455 0.5454
Transformer BERT, Wav2Vec, CTD mean monologue 6 0.8095 0.5377 0.5445 0.5402
Transformer BERT, Wav2Vec, CTD mean monologue 25 0.8349 0.5653 0.5906 0.5735
Transformer BERT, Wav2Vec, CTD mean monologue 9 0.8008 0.6019 0.5865 0.5926
Transformer BERT, Wav2Vec, CTD mean monologue 14 0.8066 0.5878 0.5816 0.5844
Transformer BERT, Wav2Vec, CTD max monologue 2022 0.7551 0.5749 0.5522 0.5561
Transformer BERT, Wav2Vec, CTD max monologue 6 0.7501 0.6175 0.5734 0.5793
Transformer BERT, Wav2Vec, CTD max monologue 25 0.7691 0.6322 0.5871 0.5967
Transformer BERT, Wav2Vec, CTD max monologue 9 0.7470 0.6107 0.5692 0.5742
Transformer BERT, Wav2Vec, CTD max monologue 14 0.7145 0.6566 0.5827 0.5801

Table 5 - result of experiment I1-1
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parameter | learning rate | epoch | batch size | wighted sampling | loss function
value 0.001 30 64 TRUE cross-entropy
Table 6 - parameter of experiment I1-2

model features feature pooling conversation ACC UAR Precision  F1 score
LSTM BERT, Wav2Vec mean monologue 0.7826 0.5431 0.5390 0.5406
LSTM BERT, Wav2Vec, CTD mean monologue 0.7826 0.5431 0.5390 0.5406
LSTM BERT, ACO mean monologue 0.7911 0.5459 0.5440 0.5449
LSTM BERT, ACO, CTD mean monologue 0.7911 0.5459 0.5440 0.5449
LSTM BERT, CTD mean monologue 0.7669 0.5576 0.5515 0.5539
Transformer Wav2Vec, CTD mean monologue 0.8186 0.5654 0.5746 0.5692
Transformer BERT, CTD mean monologue 0.8297 0.5653 0.6017 0.5750
Transformer BERT, ACO, CTD mean monologue 0.8476 0.5648 0.6103 0.5763
Transformer BERT, Wav2Vec, ACO mean monologue 0.8287 0.5697 0.5875 0.5763
Transformer BERT, Wav2Vec, CTD mean monologue 0.8424 0.5673 0.6030 0.5776
Transformer Wav2Vec, ACO, CTD mean monologue 0.8313 0.5720 0.5921 0.5794
Transformer BERT, Wav2Vec mean monologue 0.8432 0.5692 0.6060 0.5800
Transformer BERT, ACO mean monologue 0.8281 0.5781 0.5930 0.5841
Transformer BERT, Wav2Vec, ACO, CTD  mean monologue 0.8585 0.5699 0.6408 0.5850
LSTM ACO, CTD mean dialogue 0.8097 0.5439 0.5507 0.5466
LSTM BERT, CTD mean dialogue 0.7337 0.5755 0.5535 0.5566
LSTM BERT, Wav2Vec, ACO mean dialogue 0.7770 0.5700 0.5560 0.5605
LSTM BERT, Wav2Vec, ACO, CTD  mean dialogue 0.7770 0.5700 0.5560 0.5605
LSTM BERT, ACO mean dialogue 0.7585 0.5844 0.5587 0.5636
LSTM BERT, ACO, CTD mean dialogue 0.7585 0.5844 0.5587 0.5636
LSTM BERT, Wav2Vec mean dialogue 0.7835 0.5759 0.5621 0.5669
LSTM BERT, Wav2Vec, CTD mean dialogue 0.7835 0.5759 0.5621 0.5669
Transformer BERT, Wav2Vec, CTD mean dialogue 0.8488 0.5740 0.6198 0.5868
Transformer BERT, Wav2Vec, ACO mean dialogue 0.8422 0.5780 0.6113 0.5889
Transformer BERT, Wav2Vec mean dialogue 0.8681 0.5796 0.6798 0.5995
Transformer ACO, CTD mean dialogue 0.8382 0.5993 0.6191 0.6074
Transformer BERT, Wav2Vec, ACO, CTD  mean dialogue 0.8379 0.5997 0.6191 0.6077
Transformer BERT, ACO mean dialogue 0.8189 0.6277 0.6138 0.6199
Transformer BERT, CTD mean dialogue 0.8122 0.6259 0.6195 0.6225
Transformer BERT, ACO, CTD mean dialogue 0.8390 0.6290 0.6358 0.6322

Table 7- result of experiment II-2



4.3 FE= (Multi-Instance Based Training )
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Figure 5 - illustration of model framework of experiment I1I

parameter | learning rate| epoch batch size | wighted sampling | early-stop loss function
value 0.001 50 64 TRUE TRUE cross-entropy

Table 3 - parameter of experiment 11

sentense-level paragraph-level
features model feature pooling  paragraph size conversation | ACC  UAR  Precision Flscore | ACC  UAR Precision F1 score
BERT, ACO,CTD Hopfield mean 5 dialogue 0.7916 0.7480  0.6457  0.6655 | 0.5533 0.6448 0.5720  0.4991
BERT, ACO,CTD Hopfield mean 10 dialogue 0.8163 0.7747 0.6701  0.6958 | 0.8203 0.7450 0.6942  0.7127
BERT, ACO, CTD Hopfield mean 15 dialogue 0.8810 0.7163  0.7357  0.7253 | 0.8633 0.7072 0.7775  0.7332
BERT, ACO,CTD Hopfield mean 20 dialogue 0.8294 0.7839 0.6810  0.7089 | 0.6390 0.6237 0.5820  0.5696

Table 9 - result of experiment III
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