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Effects of AI-Supported Education on Academic Achievement :
A Meta-Analysis

Sung-Hee KWAK - Gyun HEO*

Pukyong National University(student - *professor)

Abstract

This meta-analysis examined the effect of Al-supported education on academic achievement in Korea. A
total of 24 experimental and quasi-experimental studies published in KCl-indexed journals from 2017 to

February 2026 were analyzed. Hedges’

g was calculated from post-test means,

standard deviations, and

sample sizes, and effects were pooled using a random-effects model. The overall effect was positive and

significant, Hedges’ g =

0.89, 95% CI [0.56, 1.22],

p < .001. AI intervention type showed the clearest

moderator pattern, with adaptive tutoring showing the largest point estimate. Education level, subject area,
study design, and publication year were not significant moderators. The findings suggest a positive effect
of Al-supported education, but should be interpreted cautiously because of high heterogeneity, small

subgroup sizes, and possible publication bias.
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<Table 1> PICOS-Based Study Selection Criteria

Selection
Criteria

Details

Population

(P)

General learners from

school to university.

elementary

Intervention

(1)

Al-supported education in which Al
technologies or Al-based
used to support
academic learning processes.

systems

were learners’

Comparison

(C)

Non-Al instruction,
including traditional instruction and
non-Al digital learning.

comparison

Outcomes

(0)

Academic achievement measured by
test scores, performance scores,
other cognitive learning outcomes.

or

Study
Design
(S)

Experimental or quasi-experimental studies
with both an experimental group and
a control group, reporting mean,
standard deviation, and sample size.
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{ Identification of studies via databases and registers

—

Records identified through
database searching (n = 1131)
RISS (634), KISS (185), DBpia (312)

5

Records identified through
other sources (e.g., reference
lists, citation searching, grey
literature) (n = 0)

Records screened based on title and
abstract: (n=235)

=

‘ ‘
Records before ing: Dupli records (n =896)
¥
after dupli d:
(n =235)

Records excluded
(1) Not Al-related instruction

l

Full-text articles
assessed for eligibility
(n=42)

| ——

(2) Non-empirical study
(3) Uncaptured duplicate

Reports excluded

(1) No control/comparison
group (n=12)

(2) No academic achievement
outcome (n=2)

(3) Insufficient data for effect
size(e.g., n, mean, SD)(n=3)

Studies included in review (n =24)

(4) Al-supp intervention
vs. Al-supported intervention
comparison (n = 1)

[Fig. 1] PRISMA flow Diagram.
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<Table 2> General Characteristics of the Included Studies

Sub- o, Exp. Ctrl. Total Mean

Category aroup k % N N N N
Publication 2018 2 83 48 45 93 46.5
year 2019 2 83 51 49 100 50
2021 2 83 55 62 117 585
2022 2 83 57 58 115 57.5
2023 6 25 227 236 463 772
2024 3 125 90 84 174 58
2025 5 20.8 202 190 392 784
2026 2 83 47 45 92 46
Grade L1 12 50 323 323 646 538
level L2 1 42 46 46 92 92
L3 1 42 27 32 59 59
L4 10 41.7 381 368 749 749
Subject S1 15 62.5 493 483 976 65.1
area S2 6 25 172 176 348 58
S3 1 42 46 44 90 90
S4 2 83 66 66 132 66
Al AT 5 20.8 129 134 263 52.6
intervention CT 12 50 433 429 862 71.8
type IE 7292 215 206 421 60.1
Research Exp. 3 125 77 73 150 50.0
design Qe‘;a:' 21 875 700 696 1,396 66.5

Note. Exp. = experimental study; Quasi-exp. = quasi-experimental
study; Exp. n = experimental group sample size; Ctrl. n =
control group sample size; k = number of studies.
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<Table 3> Summary of Risk-of-Bias Assessment

E3 : OjELEY

<Table 5> Overall Effect Size of Al-Supported
Education on Academic Achievement

Tool Overall judgment k %
RoB 2 Low risk 0 0.0 Model k Hedges’ g SE 95% CI z p
Some concerns 3 100.0 Random [0.56
High risk 0 0.0 -effzctls 24 0.89  0.17 122] 529 < .001
mode
ROBINS-I L isk 0 0
ow s . Note. k = number of studies; SE = standard error;
Moderate risk 20 952 _ .
CI = confidence interval.
Serious risk 1 4.8
Critical risk 0 0 <Table 6> Heterogeneity Statistics for the Overall

Note. RoB 2 was applied to randomized studies, and
ROBINS-I was applied to non-randomized or

Effect Size

quasi-experimental studies. Rb:r?;:;l k Q df P o) R
<Table 4> Characteristics of Included Studies (N = 24) ':izcetls 24 140.98 23 < .001 8947 0.60 0.77
1D Author(year) Level ub inter\l?elntion N Al &8 o] gl ket 9 A 2
P Type ol 1 AFE Aol Fasirh
1 Jeong & Ma (2023) L1  S4 CT 40 AR Aol aar|7F vl A e
2 Jeong & Shin (2023) L1  S2 CT 86 1, 08 ¥3ete] EAFOR So8x e 2
3 Jin (2022) L4 SI IE 50 e A7 =2 o)AAF APE 5= Qo] o]
4 Jin (2025) L4 Sl IE >0 ST EA ol eS| A BAe Foke] 2t
> lo&lm@R) 14 8 B oz wae woth wzw 24 Ed A4
6 Kang & Kim (2024) L1  SI IE 45 anm]9 HAS ST <Table 759
7 Kang & Pho (2025) L4 Sl CT 130 oneout w4 AT 7 ATD B A
8 Kang & Kim (2026) L4 S2 IE 48 saas 144 ;ﬂjﬂj ; He;;:f g}]_)r 078(])j
9 Kim & Choi (2021) L1  S2 IE 58 0029 HeloA AL e Aeod £
10 Kim (2018a) L4 Sl CT 47 : H TSR, =T 0T °
11 Kim (2018) L4 SI T 46 A%E AT < 001, o= 58 A7t
12 Kim (2019) L4 SI CT 70 AA AoE AA 0w 94 dshSS 9n
13 Kim (2023) L4 SI CT 138 Stk ESE oA W gy Qe A9 28E
14 Lee (2019) Ll Sl CT 30 Ast F ARt An, dA avare
15 Ko & Han (2023) L1 S2 AT 48 Hedges’ g = 0.67, 95% CI [0.49, 0.85], p < .001
16 Oh & Choe (2025) L2 S4 cT 92 2 UEh 9RART o 72asd o golst
17 Oh & Kim (2021) L3 S2 AT 59 A azs A He) olek T olAHL P
18 Park & Lee (2024) L4  SI IE_ 30 _ g9479%914 61.82%, 2= 0599914 0.108%2
19 Seo & Kim (2023) LI  SI CT 10 st wepd 0B ATt AA EaE]
20 Seo & Kim (2025) L1 Sl CT 30 oA AGE TP O oLk Al
22 Whang & Lee (2024) L1 S2 AT 49 @ G AR WgE WM Seln 55
23 Woo & Kim (2023) L1  SI AT 42 o e AL L e
24 Yang (2026) Ll Sl CT 44 oz i 5 gl
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<Table 7> Sensitivity Analysis of the Overall Effect Size

. Excluded , o 5 o ) .
Analysis studies Hedges’ g 95% CI p 2 (%) T Interpretation
. Significant
Original random-effects model 24 ~ — 089  [0.56, 1.22] < .001 89.47 0599  >emiean
positive effect
. 0.780 All Cls 82.77 0.331 Effect remained
- - <
Leave-one-out analysis BB 1009 excluded 0~ %" ~0014 ~0638  significant
Reanalysis after excluding ), =, 067 [0.49, 0.85] < 001 61.82 0108 Crect remained
outliers/influential cases significant
3. olelHiel 2AM 5 HELS| 7 782)0lA AR FolskA ggkth vk

O A~=Z 0

5 A% .
= =8t =3y = 7tz =
<Table 8>% _S_]__ﬂ}‘ﬂic‘)l Uﬂﬂ'v‘i"‘j‘ éjq_o]q_ Al IT‘I;;_ —6‘—1»:—;42)% »:—O ﬂJJ—(L3)O:]Oﬂ;“I k
o]y, W 7 isd T k =
FEad BADNE AL FA HEA e g [0 BAGAS wOARE Tk
3 2] ol =z 1
et o] = HATHQH2) = 8.056, p = .018). Al °l Ei };*Z} wli;o]]e O‘*‘E ] J‘”“i
7 '1_‘____" i R S % g 9]
458 REge anas) 7 bg 2A gepg - oA em Al s a0
SHA] Fokom, w4 iy AT EEE HolF
©m(Hedges’ g = 1.818, 95% CI [0.571, 3.065]),

ol

Al 5% o1587(Hedges' g = 0.669, 95% CI i 7%? ?fiﬂjwaﬁiél Zﬂj?jj
[0283, 1.056]), Al U)38 FE|2(Hedges' g = SOLLXLJL;S" Hffti 1;;371:;; :]
0.641, 95% CI [0.400, 0.882]) +=©.% L}EFRIT) ; o ;;; E—' o e ;}Z };f:ﬂ )
A AEY REY A% aniael wn oo BT FEAE 4G € T AT
o= Bt AW L= 20| 2t (Ouyang

AT P = 9446%, t2 = 1.900°0.% uf$ —74] B
Ehubch o] A= Al Aod Bege auvl and Jiao, 2021; Holmes et al., 2019). &

o
Mg e WA @eug, Ags 00 A5 RE AT e -‘?%X}

BAZ AN ALk ek AAR 3 Aol e A A A %%%

*y O . -
TEFEQG) = 2201, p = 532, BIHFAQE) “}“E]}Ma ct el 2014 Vanlehn, 2011). 23

[e] [e] @ =
~ 0953, p = 813), ATAAQU) = 0076, p = T T CTHEE EF T ATE Sl AT
<Table 8> Subgroup Meta-analysis Results by Moderator

Moderator Subgroup k Hedges’ g 95% CI p I? (%) T2 QudD) ps
Al intervention type CT 12 0.641 [0.400, 0.882] < .001 6421 0.109 8.056(2) .018
AT 5 1.818 [0.571, 3.065] .004 9446 1.900
IE 7 0.669 [0.283, 1.056] < .00l 7297 0.198
Education level L1 12 1.177 [0.531, 1.822] < .001 9291 1.189 2.201(3) .532
L2 1 0.300 [-0.111, 0.711] 153 — —
L3 1 0.692 [0.165, 1.219] 010 — —
L4 10 0.697 [0.415, 0.980] < .00l  70.68 0.143
Subject area S1 15 0.842 [0.444, 1.240] < .001 8836 0.530 0.953(3) .813
S2 6 0.999 [0.068, 1.930] .035  93.98 1.260
S3 1 1.628 [1.151, 2.105] < .00l — —
S4 2 0.639 [-0.110, 1.388] .095 7329 0217
Research design Exp. 3 1.055 [-0.178, 2.289] .093 9140 1.068 0.076(1) .782
Quasi-exp. 21 0.876 [0.524, 1.228] < .001  89.68 0.594
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<Table 9> Meta-regression of Effect Size by Publication Year

Moderator k 8 SE 95% CI

QM) p 2

(%)

Interpretation

Publication year 24 0.022 0.073 [-0.121, 0.165]

0.091(1) .763 0.634

90.00 ns

Note. [ indicates the estimated change in Hedges’ g per one-year increase in publication year.
CI = confidence interval; QM = moderator test statistic.

=2 et o ERAE dEeks e B4 Ay
<Table 9>9} [Fig. 2]°ll A|A1Q wviel 2o}y &3
e Al $RuF9] SAFH adarlE Fo8
A AreA ESATHE = 0022, QM(1) =
0.091, p = .763). AN kst A WETFS
y_ﬁp_q. 574]7(4 oz %9]6]—7(] oJ—oLo:q z}o%
oA E o143 A YEbEth 2 = 0.634, P =
90.00%). ol = Aol EFE = KCl AT
SolM EddAret avar] F foe Ay &
A7F GAHA Fdas grl gt

Meta-regression by Publication Year

o

A fFoletA] S AR A7 FEEAA
u, AqfE Aol & A Yebde AE
o] SAUME 7Fs8E AAFSITE <Table 11>
trim-and-fill 4] olA = BAGE O] F71d A
7b 0Holglal, B HF AA avaries B
¥ Hedges' g = 0.894, 95% CI [0.563, 1225, p <
001Z Fdatelch 2oy 24 A57F F7HE A
duths Ae E3AFo] glute 9nE S4
3t715 ol Hrt. Egger AT Begg AlA
ot nltfdo]l ERIFN AT 3 o]HAE
= debgerz, B oA AA anarls
oA A FAEHAS s E AR & gloh
weba] Al S8 59 A4 G FRlEgle
u, g7 dntstel= o7t d sttt

<Table 10> Publication Bias Tests

o b
= 3 og U—O Test Statistic p Interpretation
P ) [ N s .
3 © 8 o 8 8 Egger’s regression 1814 < 001 Asymmetry
o test detected
. 2 o 2 Begg’s rank Kendall’s ¢ 020 Asymmetry
Publication year, centered correlation test = 0.341 ’ detected
[Fig. 2] Meta-regression of Effect Size by Publication Year. Funnel Plot
unne! Of
4, EEEE 2 N
Funnel plot, Egger 3|74, Begg ¢33 A s s .
B % wimand-fill £4 Fa ERAF bsH § 5 L.
& Awsdrh [Fig 319 fumnel ploto] A= Qw5 ° e "l
A7 astarizy 2 wEow fLasks v & . .
A oFigol I ITh Egger 3|4 3.814, p % | . .
< .001, Begg w=90# A4S Kendall's ¢ = ° i ! ; i i
0341, p = 020_9_3 _EII_EI:‘ %74]3_1]_9_5’_1 ‘(rj]‘-cﬂa:l'o% Hedges' g

funnel plot HIthdo] I o= a7}

[Fig. 3] Funnel Plot.
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<Table 11> Trim-and-Fill Analysis

Model Observed studies Imputed studies Total studies Hedges’ g = SE 95% CI p
Original random [0.563,
<
effects model 24 0 24 0.894 0.169 1.225] .001
Trim-and-fill [0.563,
24 24 .894 .1 < .001
adjusted model 0 0.89 0.169 1.225] 00

Note. The trim-and-fill analysis imputed no missing studies
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