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ABSTRACT

In general, social problem-solving research aims to create important social value by offering meaningful answers to various social
pending issues using scientific technologies. Not surprisingly, however, although numerous and extensive research attempts have been
made to alleviate the social problems and issues in nation-wide, we still have many important social challenges and works to be done.
In order to facilitate the entire process of the social problem-solving research and maximize its efficacy, it is vital to clearly identify
and grasp the important and pressing problems to be focused upon. It is understandable for the problem discovery step to be drastically
improved if current social issues can be automatically identified from existing R&D resources such as technical reports and articles. This
paper introduces a comprehensive dataset which is essential to build a machine learning model for automatically detecting the social
problems and solutions in various national research reports. Initially, we collected a total of 700 research reports regarding social problems
and issues. Through intensive annotation process, we built totally 24,022 sentences each of which possesses its own category or label
closely related to social problem-solving such as problems, purposes, solutions, effects and so on. Furthermore, we implemented four
sentence classification models based on various neural language models and conducted a series of performance experiments using our
dataset. As a result of the experiment, the model fine-tuned to the KLUE-BERT pre-trained language model showed the best performance
with an accuracy of 75.853% and an F1 score of 63.503%.

Keywords : Social Problem—-Solving Research, Natural Language Process, Data Building, Pre—trained Language Model
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Table 1. Example of Research Key Sentences in a Research Report
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Table 2. Comparison of Existing Research and Social
Problem Solving Researchl[1]
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Concepts | General Research e 1] S?CIa
Problem Solving
Natlona(ljrstrategy Improvement of living
Purpose Economic growth convenience
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Securing
it .
Target COmMPEHLVEness in Social problem solving
science and
technology
Feature | Expert-oriented R&D | User Participation R&D
User Participation Collaboration between
Agent p R&D department and
R&D .
policy department
Result These, Patent, New social services
Technology
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Table 3. Top 10 R&D Areas for Solving Social Problems[1]

Categories Detail
Chronic disease, Intractable disease, Addicted,
Health Degenerative nerve/brain disease, Mental illness/
Physical disability, etc.
Household waste, Indoor air pollution, Water
Pollution | pollution, Endocrine disruptor, Industrial waste,
Fine dust, Microplastic, etc.
Cultural alienation, Lack of leisure/cultural
Culture
space, etc.

. Sexual crime, Food safety, Online crime, Negli-
Public . . . .
safety gent accident, White-collar crime, Invasion of

privacy, etc.
Meteorological ~disaster, Chemical accident,
Disaster | Infectious disease, Radioactive contamination,
Quake, Conflagration, etc.
Energy Electric supply, Energy poverty, etc.
House & | Decrepit house and Slum, Traffic congestion,
Traffic Traffic safety, etc.
. Elderly suicide, Domestic violence, Low birth
Family
rate
Education | Educational gap, School violence
Social Medical gap, Digital divide, Vulnerable social
integration | group, Discomfort of Living, etc.
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Table 4. Institutions and Systems Subject to Research Report Collection

Institution and System

Description

All Public Information In-One (ALIO)

* Provides key information related to the management of public institutions
* Collection of R&D data from public institutions and research institutes

National Science & Technology Information
Service (NTIS)

* Information disclosure service for national R&D projects such as projects,
tasks, and researchers
* Collected from ScienceOn after collecting assignment information

National Balanced-Development Information
System (NABIS)

A system that discloses data such as policies, projects, information, and
education conducted by national and regional organizations

* Collection of reports published by national research institutes and local
provincial research institutes
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Table 5. Research Report Collection Status

Categories ALIO NTIS NABIS Total
Health 225 12 2 239
Pollution 90 68 33 191
Culture 12 1 16 29
Public safety 28 23 29 80
Disaster 71 13 12 96
Energy 50 2 13 65
Total 476 119 105 700
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Table 6. Types and Classification of Sentence Tagging

Main . . . N
ot Subcategories Sentence Meaning Tagging Criteria
Need for * Sentences suggesting areas to be improved in the research topic
Research * Reason statements for conducting research
Necessity and PE;IS) ;):rec}(l) f * Sentences about the purpose and direction of the presented problems and topics
purpose of R h
research esearc . * A hypothesis about the relationship between the variables raised in the research question
Hypothesis
Contribution of |, Contribution to problem-solving through research
Research
* A method or theory to solve the research goal
Proposals for o . . .
* Proposal of a characteristic method different from previous studies
Research . .
* Overview of study design or study methods
o * Definition of the method or theory presented in the study
Research Definitions ] i
Method * Sentences that define technical terms
Subject of * Definition of the data or experimental group that is the main subject of the study
Experiment * A description of the collection method or source of the test subject\
Method of . .
Analysis Methods for measuring and analyzing target data
Performance * Sentences that quantify the results of the experiment
and Effect * Analysis and interpretation of experimental results
Resarch Limit of R
Result Research Sentences that presents the limitations of the study
Follow-up * Proposal for research expansion and utilization
Research
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Table 8. Data Example 1 (Necessity and Purpose of Research)

Subcategories Examples
Need § - g wy PASR] et 29 Al BHsh 159 4o A o 9T, o] 95 HAALSIE £4S Hekstel
Ree °}j of ghth= Wa Aol A7lEl ot
eseare - ZE ATIAE WY 9 oH4e} Aele) diot Bl AIH(PSE, EFHES ol8Ft Ae) 7| et 2¥o] Wasi)
CmEld B 7S Az A 39 84 A2 Yo tlAldlel iR 242 ) PD-1 Ask Wl PeAe] vk o= W7}
Purpose of e FEotuAt &
Research | + “E l5lojAx 22l0] et /Y, B4, 71485, 209 S, oatol 48Ad 52 4o AnuT o 2
ofo] BZ2A019] 7]&o] £YE7] At B2l EAL AmETA Fh}
. ), S o] E4S Tl $3a01S0] glo] Y Mokl okdz7Adl 2FH 89l AU 89l mert
Research AEd Hgo] ofgke AT 1 A3 FrojEu HINTE olojdl ARE £ WA 4z A4S s9ldh (1 9)
Hypothesis | + “7}Md: X4 919t % U= 27] 18, = stage IB/IA/IB IYA D1 + Fmd AA7} ZoFstdon Zuain, o)
ao] A 3, B ga, oEvlo 4as AR S 9L
- JE0E AYE AEY EXo] wdE s alol AU ERAUAZAY T A7} oojAcky @] Qi
Contribution 4T FUEAA o] A= AAES € 5 U Aotk
of Research | + ‘o2 Esjo] Qalao] A2 ML 93t A2 A2 A 92 @ =9 A A7, 4% duae) AIEe Uy
RHESS FAAA FUAR] Flodehe AT Z4H GHE e At 2 A

Limit of Research Follow-up Research
2% 4%

Purpose of Research
8%
Research Hypothesis
1%
Contribution of
Research

Subject of Experiment
Method of Analysis 7%

15%

Performance and
Effect
40%

Proposals for Research
5%

Definitions

2%

[\

Fig. 3. Ratio of Sentence Semantic Identification Data Type
for Social Issue Detection
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Table 9. Characteristics of Phrases by Sub Category 1
(Necessity and Purpose of Research)

Sub-
. Examples

categories
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Table 10. Data Example 2 (Method of Research)

Subcategories Examples
c VRS wd 9 A& fld) BEAE 71 BRS FH ARY REuEHHES ANSH] el Markov Chain Model#}
Proposals for | Hidden Markov Chain Model(HMM) 719te] AAEARE EoJ7| 7|9 Gaussian Mixture Non-homogeneous Hidden
Research Markov Chain Model(GM-NHMM)& AAI5t.”
+ ‘o] HoJA= LSTM A% ol&sta] AA7E AAgE tlojele] 2A5Z Aok AEHCIEE AR
* ‘XRD 242 49 24 #2E EAoted 7MY e ARREE HHOE X Ao] Braggdle WEY o dojR= X-A
A ES S4oto] EH9 ZRFE, Impurity phased] EAoF 55 —‘:/‘?l't}
Definitions |+ “SWOT #42 z& W¥9] 71H(Strength), 2Fd(Weakness), 258739 7|3](Opportunities), Y& (Threats)S THe}sto]
249 A =€l &49] 713g A A0l 239 dHE FESAY gy, 98S Hadlehs A FHche
ol
Subject of | * ‘@A P FQ TFAL 2 5008 B R 100070l et AFFAAAE £4E B9 candidate gened &’
Experiment |« “A9iZ JEFAAL 5 YAt 1HeAE AEA 5 SAR}, A EEEAE Rkt
+ “UPLC-TQ-MS/MS &AoA @ AHEHS Bl oz 24 3oto] 4t 4% 49 Aol A Hes &
Method of ol A& FRIF
Analysis o “GAg 1587 ALA 3,000 rpmlE YAES F EHENY HAGE, plasma)S AFS T EF &Ko TgH A
(Immunoglobulin) $%& sandwich ELISA(Enzyme-Linked Immunosorbent Assay) H'HOo =& A EA35}%ct”
Table 11. Characteristics of Phrases by Sub Category 2 (Method of Research)
Subcategories Examples

Proposals for

© B BIAE A B ATE DS fste] B S WA AFS ARsiant”

Research ¢ B HIAE e 22 SAR TS AR
Definiti B ATe 5‘-7194 ERE 2] Yot AE FYcIET, A9 Ve B2 ot 2
CHHONS 1L pEme ¢ D, 293 BS AR Suste] FeR AN ANE EESH: FAL 200R F
Subject of . “Ai]iﬁﬂl 852 AT YA BT AL AAY EAL vhe
Experiment « BE ASol] Hote] AT CE e, &1 242 vt 2o
Method of o AYE o5 2ol AP
Analysis o AP AP Yote] AYHES Aol B 22 ARE &SI
Table 12. Data Example 3 (Result)
Subcategories Examples
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Table 14. Model Training Data Statistics

Subcategories Examples
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of AFEIA W AF A4 &S BHHA 2 B
PG oz 1,15270 271319tk 2745 HolHALS
9 35S A 91 HlE= SgHolEet AY HolHz 2

DA dlolE ol tigt $Al= Table 149 2ot

52 &Y &g
2 AFolA 5T 27 2o AA8H ol HEF
APdsls dolmd@e  KLUE-BERTI15],  KcBERTI16],

KcELECTRA[17], KoELECTRA[18]o]H, Z+Z Apdshs
o]®2 49 Vocab, Layer, Feed Forward Network(FFN),

Main

. Sub categories Train Test Total
categories
Need for 2039 | 249 | 2.288
Research
Necessity | Purpose of | oo, | jgg | g79
and Research ’ '
Purpose Research
of Research Hypothesis 252 25 277

Contribution of

Research 1,512 141 1.653

Proposals for 1.014 113 1.127

Research
Definitions 500 52 552
Research
Method Subject of 1 560 | 159 | 1719
Experiment
Method of | 3 157 | 357 | 3509
Analysis
Performance
and Effect 8,677 1,001 9.678
Research Limit of
Result Research 347 33 380
Follow-up
Research 772 88 860
Etc 1,035 117 1.152
Total 22,656 | 2,518 | 25,174

Table 15. Parameters of Pre-trained Language Model

Model Vocab Layer FFN HD
KLUE-BERT | 32,000 12 3072 768
KcBERT 30,000 12 3072 768
KcELECTRA | 50,135 12 3072 768
KoELECTRA | 35,000 12 3072 768

Dimension, Hidden dimension(HD)%] 37|+ Table 15
9} 2o} £ 249 &52 £ 10819 EpocholA 134
o, 289 EpocholA 5 7i40] gl= A% 52 T
=25ttt Optimizer= AdamWE ARE5I91l Learning
rate= 5e-52 ARSIt 181, FALS 9] st
Dropout2 0.12 24354 tt. ZE AL Intel® Core™
i9-9990X CPU 3.5GHz2} NVIDIA TITAN RTX 4747} %
2ke PCoJlA o]FolFTh.

Sh5e B nEl2 Hoe,
Fol5 o]&sto] ettt F& = (Accuracy)= A
Al ol et Hdo] &3t Holgrt vy 22X &
she AEo|th F1 AFole HUZ(Precision)®t A&
(Recallell 5Lt 7HAE Fof AL 2FHOZ, Tlo]
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Table 16. Performances of Pre-trained Language Model

Model | Accuraer | icr) | aero) | sy
KLUE-BERT | 75.853 | 63.503 | 63.187 | 64751
KeBERT | 73.551 | 60.826 | 58405 | 67.616
KcELECTRA 74.265 59.564 59.341 60.404
KoELECTRA 75.059 60.698 61.544 60.416

5ol ATt EHET B AHEEHE &F
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HEE A5 a7t e gEghx
de2 AA A" 5
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M=l 154 Qo]
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Precision =

%—I‘HL o/}—l\_]_
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A #oltt. A

9] vj&E wdst
&2 a3 ’\7~]°ﬂ
Macro B+ &

True Positives

True Positives + False Positives

True Positives

Recall =

True Positives + False Nagatives

Fl1=2x

ACC=

Precision X Recall

TP+ TN

Precision + Recall

TP+ FN+ FP+ TN

M

AY HolEE S ST AEE dojndd 4
Table 163} Zt}. KLUE-BERTE @945 75.853%, Fl A
F0] 63.187%= 471 AVJ@%G dojnd F 7P =2 85
< Bk BEE9] 4 75.059%% KoELECTRA A}
A dojrdo] & AR w2 45 HQ BHH, F1 &
F0]9] 7L KcBERT 90| 60.826%% T+ A =2 A%
Bt o] KcBERT Rdlo] HUE7L 67.616%%2
KoELECTRA REXc}t oF 7% &7] wl&olc} 47 AFAss
Qojmdo] Htr WFL 74.6820]1 F1 AF0j9] Hi2
61.1470°]t}.

A9 3t digt 5] &£A517] flste] A9
oJglo A Ad%50] £9El KLUE-BERT AMASHS: dojndS
o245t 5% »do] &5 JPH(Confusion Matrix)s =
E5t9tt. &5 FEY 2= Table 173 2t

Table 17& B AWHQ] A& A o] 271 4
5 830 FF=o] itk AAo] e tE HI1U HY
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Table 17. Confusion Matrix of Sentence Rhetorical Classification Model(KLUE-BERT)

Predict
Ete Need for |Purpose of | Research |Contribution Pro;posals Definiti Subject of | Method of | Performanc | Limit of | Follow-up
< Research Research | Hypothesis | of Research or eHnItions Experiment| Analysis |e and Effect| Research | Research
Research
1 0 0 0 0 0 1 2 0 0 0
Need for
Research 3 0 11 1 0 0 0 26 2 3
Purpose of
Research 0 0 15 11 1 1 3 9 0 0
Research
Hypothesis 0 2 1 0 13 1 0 1 1 6 0 0
Contribution
of Research 0 5 11 0 0 1 2 11 0 0
Proposals for
Research 0 5 21 0 5 22 13 0 1
Label
Definitions 0 5 0 0 0 2 5 0 0
Subject of
Experiment 1 0 2 0 1 5 14 0 0
Method of
Peelrs 0 0 6 0 0 18 2 41
Performance
and Effect 1 45 13 0 43 11 1 2
Limit of
Research 0 6 0 0 0 0 0 0
Follow-up
Research 0 10 2 0 33 5 0 1
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Fig. 4. Performance Change According to the Number of Epochs
Fine-tuning the KLUE-BERT Pre-trained Language Model
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Table 18. Dissertation Sentence Rhetorical Classification Data Statistics[5]

train validation test

Hypothesis 1,413 189 184
Definition of technology 2,093 269 229
Etc 178,483 22,232 22,204

Target data 5,491 541 519
Data processing 6,236 658 619
Problem definition 3,187 286 319
Performance / Effect 17,026 1,691 1,770

Theory / Model 2,861 298 258

Proposal 8.379 862 871

Follow-up research 8,379 916 969
Total 233,548 27,942 27,942

Table 19. Error Result Sample
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