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ABSTRACT
This study proposes an mBERT-based automated Al-human collaborative
screening model to address the inefficiency of primary literature screening in
meta-analysis. When applied to an empirical study involving 1,012 domestic
academic papers, the proposed model demonstrated relatively stronger
performance in predicting excluded literature than included literature. Based
on these findings, three collaboration scenarios structuring the division of roles
between Al and humans were designed, and their effectiveness was verified.

The results indicated that utilizing AI as a second coder, a consensus rule,
and a third coder reduced the proportion of literature requiring manual re-
review to 27.7% of the total and automatically confirmed 76.7% of the literature,
supporting researcher consensus and thereby suggesting the potential for
screening efficiency and collaboration.

This study establishes an empirical foundation for a new meta-analysis
methodology by positioning AI not as a simple substitute, but as a collaborative
partner that automates repetitive exclusion tasks and supports consistency in
judgment.

Keywords Human-Al Collaboration, Artificial Intelligence, Meta-analysis, Automated
Literature Screening, Al-based Screening, mBERT
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Table 1. Analysis of Major Prior Research on Automated Literature
Screening

Author(year) Key Technique Major Outcomes

30~70% workload
reduction, Validated
prioritization feasibility

O’Mara—Eves et
al.(2015)[4]

Text Mining,
ML(SVM)

Marshall et
al.(2019)[5]

Gartlehner et
al.(2019)[13]

van de Schoot et
al.(2021)[6]

ML(Robot Reviewer)
Active Learning

Validated potential for
use as a 2nd reviewer

Low recall, Insufficient
for full automation

Maintained 95% recall,
83% workload reduction

Semi—automation
(Distiller AI)

Active Learning
(ASReview), BERT

Tran et al. (2024) LLM 97% sensitivity, Est. 65%
[7] (GPT-3.5 Turbo) workload reduction
Khraisha et LLM Fuman—lel\ﬁflt d
al.(2024)[12] (GPT-4) periormance, JNote

hallucination risks

(Wastewater
epidemiology)
Demonstrated cost—
efficiency

Chibwe et al.(2025)

(1] LLM(GPT-3/3.5/4)

Kallmes et LLM, ML 82~97% recall,
al.(2025)[8] (AutoLit/XGBoost) 50% time reduction
Lieberum et LLM Overview reproljlljgc}ilkl)lﬁi}i;eisues
al.(2025)[9] (Scoping Review) Need for HITL

Kim et al. (LIS field) F1 0.90 on
(2022)[14] BERT(KoBERT) high—quality data
(LIS field) High
Lee(2023)[15] BERT, performance in subject

Transfer Learning o
classification

Proposed optimal model
selection guide based on
text length

Kang et al. (2024)

[16] BERT, LLM(Llama2)

Analyzed increased
Al adoption trends in
medical reviews

ML, LLM

Sul(2025)[10] (Trend Analysis)

* Note. SVM : Support Vector Machine, Est :

LIS : Library and Information Science
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Table 2. Structure and Roles of AI-Human Collaboration Scenarios

Scenario 1 Scenario 2 Scenario 3
Supplement to CgOSS*rle'vli:w
tiple—cod Sinel . y multiple
Apolicati multiple—coder ingle reviewer .
pplication - reviewers
system (Human-AI
Context ; (Human~-
(Al pre- parallel review) .
. human conflict
screening) .
resolution)
Reference
Role of Al Second coder Consengus rule mdlcatqr
provider for conflict
resolution
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Scenario 1 Scenario 2 Scenario 3
Comparison
Al Sole .
. after independent . o
evaluation Third objective
.. human-AI
Decision— (Ternary . reference
. o evaluations
making classification: . (Referenced upon
(Agreement:
Structure Include/ . human-human
: Confirm / .
Uncertain/ . . disagreement)
Exclude) Disagreement:
Hold)
L . Al predicted
- Application of Automatic P d4 .
Classification . S probability
conservative | confirmation only "
& o as auxiliary
threshold, upon identical o
Judgment . indicator for
Uncertain human—AI .
Rules . . disagreed
assignment judgment .
literature
Intensive manual .
. Manual re- Final consensus
re-review of review of among reviewers
HITL Al-classified ; 6 1
. disagreed referencing Al
Uncertain .
. literature results
literature

3.1.1 AI 7]8F A29] I

A 1A AlUe 2+ ATE LJ
EshE A20) FH 2 Fgshs 7

E Input Data : Title + Abstract

* 1% Human Reviewer Screening Results

8

@"n Al Model : ‘
mBERT-based Automatic Screening Model e L —
03<p<07 - : ;
Decision Criteria: AlClassification Result: Uncertain

e Prediction Probabilty, p (include) — Re-examination by Human

p<oF ]
L7, AlClassification Result: Exclude

Figure 1. Al-based Second Coder

]_

=
!
g

dob g
re
4
N
)
N
N
—
)
PﬂJ
oL

P

i)
r\l

Zoe] Al9] o2 24% RIS
of ahe} “m”, “Ael”, “BEHY" A
% A2y T2E A g A

Eol Z3t0} AEE AL Mot
%—Jiowp>o 7), A9} (p=<0.3), ¥
Aosich. ol B8 Joio] 2H
4% AdEz fEstel, Ale) Ay o3
At FAle) A B A= e BoH B
tfatst7] gigtolt. 0|2 So) AT £7e] BeAy
fo2 cely, 2% Bete] Aele A7 ARl
=2 7sleint.

2
m o rlo
r

o 2

FoAe Ao

Ky

S =)

_l -

ﬂﬂ% Zoltl
i
E
™
L
o
_ﬂ.d
L2

fU g
o
m
FI'F

d

)
N
rlo
>
>
>4

WIEF
100l4mr2m2m$bnqng£L}tI£

R XX
4o o
N/\

-‘Sd%
NHUJZiF

ook
o
o

M oof o o T 1@ 4N 2L o
Jp

P>
L) _1>4

2 AR ) E WS A5 BRI, ES FEHA
2o FYTH0.4<p<0.6)] BHS AYE oz £
FatelrhFig. 2).

Ao 1 o] GAZEE Pt ol f AH e

38 71T 8 U2 FARN A5 Y g

i Solo

(RS s (T =11
ool oo @ o

= o=
Beio] G 284 A2l §E M= o1

E Input Data Title + Abstract
] i s s .
N IniialScreening by Single Reviewer

3 AlModel: |

mBERT-based Automated Screening Model F—
o p208 E@ Automatic Confirmation: Inclusion
74\ ConsensusRule: 04<p<0s

Result :
Application of Auto-Confirmation Thresholds Manual Re-examination by Reviewer

p<0Z
“El Result:
=& Automatic Confirmation Exclusion

Figure 2. Al-based Consensus Rule for a Single Researcher

3.1.3 AI 7|8t A|39] ZH(Z5 =H)

N WA Aue] o= = g o|Ako] oIzt odiz) 71 1t
LA 7F S S Hgslo] AIS A3 ), 25
4L 95t &5 7uF Fx7|E AFAR F_she xR0

rL’

O W e

@ Initial Decision by Human Coder B

Disagreement

@ Initial Decision by Human Coder A
+ CoderA: Include / Exclude l

* Coder B: Include / Exclude

% AlModel:
mBERT-based ing Model

(. ]
(£4)  Predicted Probability of
Inclusion, p (include)

* AlRole: Reference for Conflict Resolution

1 d

Re-evaluation for Consensus

- Final Selection
by Human Consensus

Figure 3. Al-based Third Coder (Conflict Resolution)

ALR o] AN S B HEL
HrjHoz o ¥ 2A, AEAE
=

Rh Fa JH=wk &8s, HF 242 A7 A7 T
o] A= g 3l o]FoAAA skl ol= A} o] F
A2t PR 7] 5ohs Ag oE=Aor Al QI

A7 2ol ol F2 Ao o2 A S92
9] or]

gz 3
ojs=gdm, &

to] HIEHE A 1A} 23 ME Z2AA 8A| Y AS

64



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 6, 2026

o
olt
o
2
I_r
1o
1o
T
15
off
o,
o
E¥
rﬂ
]
rk&

Slof| 7]ofste = A5

HE 2025‘—:‘ 7
EJ-EH EI] O B

3.3 tlolE Az
225 23 golgs A £Z0 HAE HAZS AR

& mBERTO] WAH WordPiece 7|5t EdLto| A& &8

sto] E2osiqint. dll Y HAEE Y Al 2
E2 2ot gstlon, 280] AFHA &L e
AE QRIS YAH oz mAJsto] Yol oI =
& gol & Hlgh=io] Z7loll thsiAl = mBERT9| th=io
2] 5445 &85to] 5 =l 72 UloflA X sttt

3.4 35 dlolg 4 2 EvY M W
Al Shgol lzh & 4 |
YEES HY dlolez g YR HES 5 5
A% BA) S0 vepLA 5
g 2% A% Aot 2 shgol Tghehal g o) % Ay
9o BA gl A AT o) B PEe] 9 71E
o znh ggatgich. ol2jat dloje] 7S AlRYo|
Huel Wols A7 AvAre] 144 woish 5
Aoz, A7} QIZF AgtAte] g BEshe
Aot = dAIsH ] 9%l
2 Ao tlolH e 23 Al 2 T 22 4
EOJE]'. AubA HAl O 2 SF4S ZIgstH mEl
W9l A2 WFE ol Ssd SlFol ]
(Stratified Sampling)2 ©lolE] B4 4%
£ H[ &g HAsto oty W2 defste
7IHlez °PEJIZ% ei[18], o5 27z &
=
o

N
—_
olr
ok

12 ne rl.l
ol
-1
)

ol M
r\:l

o
=
ON ofm

i B

ol
m[o

N 4>
e

Hlolgl £ Al &3 &2 &85t
Aetdar, 2e sk SAo A& H]E vl
(Cost-sensitive Learning)< 7“30}01 &A1 34=(Loss
Function)ol S 7FEAE SFQiTt. ol HlEHE
A1k Aol A °J7<'°§ SE= w2 HAas
(Recall-oriented Screemng)% 2d sk gl 7]&4
O g Fystazf gt Zlojth. Ay dAFE E

mlon}‘drgmmﬂﬂr:“

o my D4 > o O mr
:|o OIN

o
= g
A sk 941 2421—;— ot

[4,11,13]. o]o wha} &

A

(Misclassification) H|- &S =7 A%3lo] mdlo]
IS eebelal =2 A S-S FHEFA} e

Lol

-
I H

35AI AFAE nd 1=
=)

Al AFs MY male mBERT APASHS 2El
FEEleH, o ﬂ T Aol w2l x4
A2sto] o] £7 n|4 2% (Fine-tuning) 2
E:—ﬂo]-/\oﬂ‘— A AL[19]o)| A mBERT A<
E 2% J‘Q(Task)oﬂ TAHoR dYste &
2hnl g 7|27 (E55 2e-5, HIX|27] 16, epoc
2 2 835lo] melo] oty AS FHsly 1A
c}. dlole] E75 o)A melo] Kol
i MEFdS tzt= etstr] el EH'
&= (Accuracy), & ”‘E(Precision) A

n

ﬂllo 5 HN iﬂ 4 FSE filo
o ﬁg
H o
>

-lN
4

|1 L U
ox
off M
ol

Mo

-

of
R
ol
oL
fr Jm x2 2

o e

Recall),

F1 Scores T4 o2 AHE353 T7P<4 o7 AlZdY
I} QIZE Aat 2] et e‘ 25 AE35t7] {8l Cohen's
Kappa A& At&Esto] 2£A15H31 T

A7 2

41 ATAEAE B g4 2 4% B2

Table 3. Dataset Composition and Label Distribution

Category Number of Papers Ratio
Total 1012 100%
Human Included 123 12.2%
Researcher | Excluded 889 87.8%
i Include 98 12.1%
Training 809 80% o
Al Set | Exclude 711 87.9%
Model Include 25 12.3%
Test Set 203 20%
Exclude 178 87.7%

gk THgollA &A%k (Loss)2] ¥gh= Table 4, Fig. 4

Table 4. Training and Validation Loss by Epoch

Step 50 100 150
Training Loss 0.7087 0.6840 0.5581
Validation Loss 0.6783 0.6333 0.6090
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