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Automatic Classification and Vocabulary Analysis
of Political Bias in News Articles by Using Subword Tokenization
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ABSTRACT

In the political field of news articles, there are polarized and biased characteristics such as conservative and liberal, which is called
political bias. We constructed keyword-based dataset to classify bias of news articles. Most embedding researches represent a sentence
with sequence of morphemes. In our work, we expect that the number of unknown tokens will be reduced if the sentences are constituted
by subwords that are segmented by the language model. We propose a document embedding model with subword tokenization and apply
this model to SVM and feedforward neural network structure to classify the political bias. As a result of comparing the performance
of the document embedding model with morphological analysis, the document embedding model with subwords showed the highest
accuracy at 78.22%. It was confirmed that the number of unknown tokens was reduced by subword tokenization. Using the best performance
embedding model in our bias classification task, we extract the keywords based on politicians. The bias of keywords was verified by
the average similarity with the vector of politicians from each political tendency.
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Fig. 1. Skip-gram Model with Subwords
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Table 1. List of Keywords for the Political Article Dataset

Data Category Keywords
Person 29, oyl &£9Y, EFI 25
PBK_10k Event Aawlol, PAEER 1w SPELAL HANY
Main term | W34, BEH, G5, 97, Fe4t
Person 2o, i]“g‘i.} £99, EF, 2, B, AR NE, SRR, A4S, 37, SN, wEE), op|, ojdd, f5d
A4, Fueh EA4
Aiulol, HAEEH Y], sPPsAl, ARG, AR, A8, AFAA, FHEAL oJiokd, T4, 4, +22F
PBK_50k Event oA 2], FTA
. WA, WEA, G5, o7, E5A B, AL B, AEs, 3RY, dE BA, £ §F FUUE, 9, vEst
Main term Zodehy ZaA, ARAE, JAYD, Yyl Ak }E& Hg ofl, AIE, QorR uAlY, SRR AAW, A, S AE
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B
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AFH, FAIY, oldd, ARA
B o) &k E 2, IE JFo| &ohe AE 4,
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2 K, @2 g v, T g9 GAES YAA(threshold)E 71
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Y FAE K & 0.18212 v*}EA Zpoli= 0.088
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Table 2. The Number of Articles, Sentences, Words from Dataset
PBK_10k PBK_50k
Conservative Liberal All Conservative Liberal All
Total 5,792 5,792 11,584 25,432 25,432 50,864
Article Train 4,658 4,609 9,267 20,415 20,276 40,691
Test 1,134 1,183 2,317 5,017 5,156 10,173
Total 122,544 163,264 285,808 539,731 699,544 1,239,275
Sentence Train 99,211 130,124 229,335 434,456 558,139 992,595
Test 23,333 33,140 56,473 105,275 141,405 246,680
Total 2,082,330 2,748,160 4,830,490 8,952,426 11,545,683 20,498,109
Word Train 1,677,357 2,193,816 3,871,173 7,206,514 9,213,215 16,419,729
Test 404,943 554,344 959,287 1,745,912 2,332,468 4,078,380
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gof o2 A aFolof Gt FlAblA T 2L RS
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7 S} dlo]gl & o]-83}o] SentencePiece EEst ZES
tEotalon shagd HdZ olgste EAE dALH i
EZYE 259t A4 FE ool EEYE 74
A AHd S o]&ote] AAH WP EF A¥E 1Y

STt Bl AYE fls kol h=oi9] EA4Z gt
Fea EFSP) 7HoR FA dHdS AET 2ES

S g o cin b

5) KoNLPy9] Hannanum, Komoran, Okt FEl4 £47]E o]&3}gith.

Baseline Q.2 stof F2]|& HFF EF AP APt
A dHgS st getuE & window size 5, min
count 1, negative sampling 59 Skip-gram Z@& o]&
stom WE 37] 100, 200, 300, 400, 5003} iteration
100, 200, 3000°] thste] H|w AHstct. Z+2e] whetn|g
of wtet sh5E HWEZ A AugE /st SVMOat A
W wd HEQYI 4z FEoto] EF AHS IYPSHA
o AN w2 HEYZ 29 FE sEE 0.0019
SGD(Stochastic Gradient Descent)® “AA5t¥ oW &4
F<>(activation function)+ softmax, batch size 64,
epoch 200028 netuEE AASHT. AA HolgE
8:29] H|EE Eet o<k Hlojg et Bt HolE F g& Hl
o|fl & 822 AETst shg HES HISOFAT
Fe4 EZS} 7S 0] 85t FEj4 g2 Tol(E= o
2) HF ) v5E0] &7 JA Uehts o] 9o &
=0lE o]-8%F UHE AFollA] Wol AREEL Qltt & =&
A B2 o] EFo| FH4 EZHT U550 & A
Z Ao} dlidstg o Table 33 o] EES} 7o &
H580] =5 EA5I9t. AX A HPY R AYS Qs +
=3t PBK_10k?} PBK_50k 25 FejA EES} 7|HET: 2=
o] EZ3} 7S 0|83 B v5Ee] 471 FA vt
11,584719] #A & o]Fo]z PBK_10ke} 50,8647H9] &
A& o]Fo]xl PBK_50k ZHz}ol tiste] F2& HFd &&=
AP ottt FE o] EFS} 7|HE o]8sto] EA
A& 7£4317] Y3t vocab size:= 100k} 150k= A3
sto] AdS APt ZF glolg 9] HE =27] ¥ SVM A
3= Table 49F 2t} Table 4= 7 E23} 7|HE o]&
gh 24 dHd 2ES SVMol| J-85to] FAH HFE 7
AES AP Aatoly HE F7]0 ot 7Y Fs0] 2
HE Sk% iteration®] FEEE YERATE PBK_10kolA=
SP_100k79] A& =7} 76.87%, PBK_50ko A& SP_150k
o] AL} 78 22%E 7 =2 =9 Bolr} 7z} glolg
o tisted SVME A&t 7 AP 23}, FHL EE
3} 71HE o] &35t A Iy mdHc}t BE o] EF5} 7]
HE 0] 83t BA dud o] Ad5o] A YEITH
A wE HEYI #X2E o83 FAH |F8 &7
A%l9] A== WE s iteration 300°0.F2 13}

6) http://svmlight.joachims.org/
7) SentencePiece EE3} 7[HE ol83 HEY| L. SP_vocab size?} 2] #7]51ct
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Table 3. The Number of Unknown Tokens by Tokenizer per Dataset

Hannanum Komoran Okt SP_100k SP_150k
PBK_10k 30,174 5,047 11,631 39 95
PBK_50k 95,179 10,092 24,107 77 75
Table 4. SVM Accuracy for Dataset
Data PBK_10k PBK_50k
Vector size 100 200 300 400 500 100 200 300 400 500
Hannanum 71.21 70.18 71.86 71.56 74.02 69.35 71.18 73.10 69.19 73.41
Komoran 72.64 74.71 74.75 75.44 75.49 70.55 73.03 74.44 75.25 76.06
Okt 72.81 73.72 75.27 75.70 75.57 71.30 73.33 74.46 75.57 76.50
SP_100k 74.15 74.75 76.31 76.35 76.87 73.73 75.70 77.02 77.57 77.94
SP_150k 74.28 74.84 76.18 76.78 76.69 73.59 75.74 76.94 77.25 78.22
Table 5. Feedforward Neural Network Accuracy for Dataset
Data PBK_10k PBK_50k
Vector size 100 200 300 400 500 100 200 300 400 500
Hannanum 66.76 67.02 66.37 65.34 67.11 66.82 68.09 67.80 66.97 65.09
Komoran 66.42 67.50 68.45 67.67 67.93 67.25 68.90 69.45 69.66 69.82
Okt 70.60 70.30 70.39 69.74 70.86 69.12 69.93 70.23 70.84 71.60
SP_100k 70.69 71.38 71.77 72.59 71.94 72.02 73.08 73.62 73.75 74.46
SP_150k 71.64 71.16 72.07 72.16 72.33 72.12 73.33 74.35 74.56 74.93
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Table 6. Political Tendency Keywords using Person Keyword Analysis Method(Conservative, Liberal, Neutral)

Tendency Tokenizer Biased vocabulary size Biased keyword(Top 20)
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