Joumal of the KIECS. pp. 389-396, vol. 19, no. 2, Apr. 30. 2024, t. 124, pISSN 1975-8170 | eSSN 2288-2189
Regular paper http://cx.doi.org/10.13067/JKIECS.2024.19.2.389

Performance Assessment of Machine Learning and Deep Learning in
Regional Name Identification and Classification in Scientific Documents
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ABSTRACT

Generative Al has recently been utilized across all fields, achieving expert-level advancements in deep data analysis.
However, identifying regional names in scientific literature remains a challenge due to insufficient training data and
limited Al application. This study developed a standardized dataset for effectively classifying regional names using
address data from Korean institution—affiliated authors listed in the Web of Science. It tested and evaluated the
applicability of machine learning and deep learning models in real-world problems. The BERT model showed superior
performance, with a precision of 98.41%, recall of 98.2%, and F1 score of 98.31% for metropolitan areas, and a precision
of 91.79%, recall of 83.32%, and F1 score of 89.54% for city classifications. These findings offer a valuable data
foundation for future research on regional R&D status, researcher mobility, collaboration status, and so on.
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Table 1. Actual Data & Required Label Class

Publication | Affiliation Information Required
ID(UT) (An Author’s) Label Class
. Water Supply Bur, Dept Daegu /
WOS:A197 . . ;
TEDERA00018 Facil, Taegu City, South Daegu
Korea Nam-gu
WOS:00025 Pohang Univ Sci & | Gyeongsangbu
1997000023 Technol, Commun_Res_Lab, k-do / ‘
Pohang 790784, South Korea| Pohang-si
Seoul Natl Univ,

WOS:00038 | Bundang Hosp, Dept Radiol, | Gyeonggi-do /
3357700031 Songnam 13620, South Seongnam-si
Korea
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Web of Science Data
(2023 version : 87,694,858)
Subset : Authors’ records
whose affiliation is located
in South Korea: 2,974,280

I
I
Splitting and Refining Entities in an Address Text | |
(Organization, Sub-organization, City(+zipcode)) |

|

- Matching with Translated City Names (via Google
Translation API) (44.3%)

Raw Record:
“Korea Inst Sci & Technol
Informat, 66 Hoegi Ro, Seoul 1
02456, South Korea”

I

| Obtaining Standardized City Names !
- Matching with Zipcode (55.7%) |

1

1

1

1 |
1
: Human-centered Validation I
1 Organization@Sub-organization@City with Label |
1 |

Training Data:

Raw: "Korea Inst Sci & Technol
Informat, 66 Hoegi Ro, Seoul
02456, South Korea"
Label1: “Seoul”

Label2: “Seoul Dongdaemun-gu”

& HOIHA 7% Z=2MA
Fig. 1 Process of Constructing a Training Dataset
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- Vector Embedding via BERT
- Machine Learning(LR, k-NN, RF, Stacker, Blender)
- Deep Learning(BERT)

[ Classification Performance Evaluation ]

Training Dataset
for Regional
Classification

Dataset Evaluation 2 — City Level (‘Sigungu’)

1

1

Classification Performance Evaluation |

- Vector Embedding via BERT I
1

1

1

- Machine Learning(LR, k-NN, RF, Stacker, Blender)
- Deep Learning(BERT)

% 2 stE HlolHAM T|e 27 M5 AE e
Fig. 2 Overview of Classification Performance
Experiments based on Training Dataset
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Table 2. Classification Performance c:r; the Province Level

Classifiers Precision | Recall | Fl-score
Logistic Regression 0.929 0.9297 0.929%
k-Neighbors 0.879% 0.8803 0.8793
Random Forest 0.8637 0.8314 0.8302
Blender 0.9434 0.9435 0.9433
Stacker 0.9477 0.9478 0.9477
BERT 0.9841 0.9820 0.9831

* Both the Blender model and the Stacker model combines
Logistic Regression, k-Neighbors, and Random Forest models.
wx F1-score refers to the Macro Fl-score.
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Table 3. Classification Performance on the City Level

Classifiers Precision | Recall | Fl-score
Logistic Regression 0.8619 0.8628 0.8607
k-Neighbors 0.7503 0.7528 0.7473
Random Forest 0.7485 0.7205 0.7080
Blender 0.8706 0.8715 0.8686
Stacker 0.8743 0.8751 0.8738
BERT 0.9179 0.8832 0.8954

*  Both the Blender model and the Stacker model combines
Logistic Regression, k-Neighbors, and Random Forest models.
wk Fl-score refers to the Macro Fl-score.

[e] o
E A B 5 ARl AR EFAAe AF FI
44~ (Weighted F1)7} 0.9408= “393] =A YIS
uoh 318 PUEE A%E 1Y 32 B &
Ak 7hE FlL Qe 4 @) o] 2 Fehae] A
& WEE agste] ARtEn. =2 7S Fl fdes
At FHAE EFT ST SN 2
A 4SS PSS Jnlan
ue?ghted Ew ><F1 (4)
i=1
Numberof samplesinclassi
where, w; =

Total numberof samples



iy
M
e
=2
>
o
B
12
of.
1>
&
A
M
du
oZ
i)
=2
=
S
oX,
off
o,

N
)

E 4 RS ciel¥ HolH e ¥ 2F H5 24

Table 4. Data Summary and Classification
Performance Results by Regional Levels

Province City
Level Level
No. Classes 17 210
Mean (support) 3276.35 265.22
Std. (support) 348393 574.05
Max (support) 11,833 6,554
Min (support) 471 4
Macro F1 (BERT) 0.9831 0.8954
Weighted F1 (BERT) 0.9841 0.9408

*  Support refers to the number of actual samples for
each class.
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Fig. 3 BERT Model Performance by Regional Level
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