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Exploring Educational Innovation in the Digital Transformation Era Led by
the Convergence of Neuroscience and Al through a Meta-Analysis of the
Effectiveness of Evidence-Based Teaching Methods
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Pukyong National University(lecturer) - TPukyong National University(professor)

Abstract

The purpose of this study is to conduct a meta-analysis of the effectiveness of evidence-based teaching
methods from a neuroscientific perspective, the integration of Al technology, and the post-pandemic
situation. In addition, the differential effects of teaching methods according to various moderating variables
such as learner characteristics, socioeconomic background, and treatment variables by teaching-learning
strategies were analyzed. The research method is meta-analysis. According to the initial search results, there
were 2,847 articles, but after applying the selection criteria, 185 articles were finally selected, and Hedges'
g correction was applied and the effect size was calculated at a 95% confidence interval. Heterogeneity
verification, publication bias, etc. were checked, and the reliability and validity of the effect size results
were verified. The results of the study showed that the evidence-based teaching method showed a positive
effect of moderate or higher overall and was statistically significant. When examining the learner
characteristics, the study targeting elementary school students showed a greater effect than secondary and
higher education, and showed a greater effect in the lower group of academic achievement. In terms of
treatment characteristics, the effect size significantly increased when Al technology was used, and
project-based learning was found to be the most effective. Long-term treatment was more effective.
Evidence-based instructional practices demonstrate significant effectiveness across different educational
contexts, with particularly strong effects when integrated with AI technology and implemented through
long-term, project-based learning approaches, suggesting the importance of systematic and sustained
implementation of technology-enhanced teaching methods in the digital transformation era. The findings
provide practical guidelines for educators and policymakers to design and implement differentiated
instructional strategies based on educational levels and learner characteristics, while emphasizing the need
to bridge the digital divide and ensure equitable access to Al-enhanced educational opportunities across
different
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<Table 1> Overall effect size and heterogeneity tests

95% CI heterogeneity
K Hedges' g
Lower Upper Q 2 T2
185 0.76 0.68 0.84 74235 75.2% 0.168

k=number of studies, g=effect size, CI=95% confidence interval for effect size, Q=observed variance, I’=total variance/actual
variance, ***p < .001, 1>=Q-(x-1)/C(correction factor derived from the sum of weights)

DB = oo smin oo s sl s s s s S ey I e
e e Individual Studies \\ , .o. e Original Studies
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:’S .. E [ .o
02 .. 02 ’"°
00 ui 00
240 10 0 L 20 20 -10 0 10 20
Effect Size (Hedges' g) Effect Size (Hedges' g)
<Original funnel plot> <Adjusted funnel plot after trim-and-fill analysis>
[Fig. 1] Funnel plot.
<Table 2> Egger's Test for Publication Bias
Int t Standard E: t-val 1 95% 1
ntercep andar ITOr -value p-value Lower Upper
0.892 0.324 2.753 0.0064 0.254 1.530
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= WA= Zow glsgitt S5k Ao gt RE 29l &3 A7)e
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<Table 3> Effect size for learner characteristics variables

, 3 BE FEelA F3b ool avpt e

95% CI
Types and factors k n g SE V4 P 2
L U
By educational stage Qt = 12.64(df=3)**
Elementary 48 2567 0.81 0.73 0.89 0.041 19.76  <.001 68.4
mddle 45 2456 0.75 0.67 0.83 0.042 17.86 <001 67.5
high 46 2478 0.73 0.65 0.81 0.042 17.38 <001 67.2
college 46 2489 0.70 0.62 0.78 0,041 17.07 <001 66.8
By academic achievement Qt = 14.45(df=2)***
Upper 30 1645 0.72 0.64 0.80 0,041 17.56  <.001 67.3
Middle 32 1789 0.77 0.69 0.85 0.040 19.25 <.001 68.8
Lower 28 1534 0.83 0.75 0.91 0.041 2024 <001 70.2
By Learning style Qt =12.34(df=2)**
Visual 25 1345 0.79 0.71 0,87 0.042 18.81 <.001 66.7
Auditory 23 1234 0.76 0.68 0.84 0.043 17.67  <.001 65.9
Kinesthetic 24 1289 0.81 0.73 0.89 0.042 19.29 <001 67.4
By motivation Qt = 13.56(df=2)***
Intrinsic 27 1456 0.84 0.76 0.92 0.041 2049 <001 69.8
Extrinsic 25 1345 0.77 0.69 0.85 0.042 18.33 <.001 68.2
Mixed 26 1398 0.80 0.72 0.88 0.042 19.05 <001 68.9
k = number of studies, n = total sample size, g = Hedges' g effect size 1756, CI = confidence interval, SE = standard

error, Z = Z-test statistic, I> = heterogeneity index, Qt = total heterogeneity test statistic, df = degrees of freedom,
* <05, ** <01, *** <001
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<Table 4> Effect size by socioeconomic background

S 95% CI
Types Classification Hedges' g Lower  Upper Q df P 2
Upper (25%) 0.69 0.61 0.77
Household Upper middle (50-75%) 0.73 0.65 0.81 0
income Low middle(25-50%) 0.78 0.70 0.86 18453 <001 72.3%
Lower(25%) 0.84 0.76 0.92
Graduate school or highter 0.70 0.62 0.78
Parent 4-year university 0.74 0.66 0.82
education 2-3 year college 0.77 0.69 0.85 16.82 4 <001 69.8%
level High school graduate 0.81 0.73 0.89
middle school or lower 0.83 0.75 0.91
Metropolitan city 0.72 0.64 0.80
Residence Medium and small city 0.75 0.67 0.83 0
areas Town and village area 0.79 0.71 0.87 15633 <001 65.4%
Educationally underprivileged area 0.82 0.74 0.90
Upper 0.71 0.63 0.79
izg:t“aal‘l Middle 076 068 084 1425 2 <001 68.7%
Lower 0.82 0.74 0.90
Q = total heterogeneity test statistic, df = degrees of freedom, I*> = heterogeneity index,
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<Table 5> Results of effect size analysis on teaching-learning strategy characteristics variables

A9 EHANE Avngrr

0,
Types and factors k n L9 3% C{J SE Z p I
Types of teaching-learning strategies Qt = 16.88df=6)***
Project-based learning 42 2234 0.85 0.77 0.93 0.041 20.73 <001 70.2
Problem-based learning 40 2156 0.82 0.74 090 0.042 19.52 <001 69.5
Collaborative learnign 38 2078 0.79 0.71 087 0.042 1881 <.001 68.9
Gamification 36 1967 0.77 0.69 0.85 0.043 1791 <001 68.4
Blended learning 35 1889 0.76 0.68 0.84 0.043 17.67 <.001 68.1
Flipped learning 34 1845 0.75 0.67 0.83 0.043 1744 <001 678
Direct teaching 32 1756 0.72 0.64 0.80 0.044 1636 <.001 67.2
Utilization of Al technology Qt = 18.45df=1)***
Utilization 89 4567 0.88 0.80 096 0.041 2146 <001 713
No Utilization 96 4923 0.71 0.63 0.79 0.042 1690 <001 67.8
Combination Qt = 16.78df=5)***
PBL + Al adaptive 24 1267 091 0.83 099 0.041 2220 <001 712
Gamification + collaboration 22 1189 0.88 0.80 096 0.042 2095 <001 70.5
Flip learning + data 21 1134 086 0.78 094 0.042 2048 <.001 69.8
Direct teaching + multimedia 26 1378 0.75 0.67 0.83 0.041 1829 <001 674
Discussion + online collaboration 25 1345 077 0.69 0.85 0.041 1878 <.001 68.1
Exploration + simulation 24 1256 0.79 0.71 0.87 0.042 1881 <.001 68.5
Integration of Al technology Qt = 15.45(df=2)***
Personalized learning system 28 1489 0.88 0.80 0.96 0.041 2146 <001 70.8
Intelligent tutoring 26 1837 085 0.77 093 0.041 20.73 <.001 69.9
Utilization of learning analysis 25 1345 083 0.75 091 0.042 19.76 <.001 69.2
Real-time interaction tools Qt = 15.67(df=2)***
Online collaboration platform 27 1478 0.81 0.73 0.89 0.041 19.76 <.001 69.4
Real-time feedback system 25 1356 0.79 0.71 0.87 0.042 1881 <.001 68.7
Utilization of virtual/augmented reality 23 1245 0.77 0.69 0.85 0.043 1791 <001 68.2
Strategy for lower-level learners Qt = 16.34(df=2)***
Providing individualized learning paths 26 1423 086 0.78 0.94 0.041 2098 <001 70.2
Applying step-by-step scaffolding 25 1312 084 0.76 092 0.042 20.00 <.001 69.5
Accumulation of successful experiences 24 1245 082 0.74 090 0.042 19.52 <001 68.8
Utilization of Al to resolve gaps Qt = 17.23df=2)***
Adaptive learning system 28 1534 088 0.80 096 0.041 2146 <001 71.3
Real-time diagnosis-prescription system 25 1378 085 0.77 093 0.042 2024 <.001 70.6
Providing individualized feedback 24 1289 083 0.75 091 0.042 19.76 <.001 69.8
Strategy x Al utilization interaction Qt = 15.89(df=2)***
Individualized learning path x adaptive system 24 1312 092 0.84 1.00 0.041 2244 <001 724
Step-by-step scaffolding x Real-time diagnosis 22 1245 0.89 081 097 0.042 21.19 <001 71.8
Accumulation of successful experiences X119 g7 079 095 0042 2079 <001 712
individualization Feedback
Treatment period Qt = 19.45df=4)***
Short-term (4 weeks or less) 45 2345 071 0.63 079 0.041 1732 <001 675
Medium-term (5-8 weeks) 52 2867 0.78 0.70 0.86 0.040 19.50 <.001 69.2
Long-term (9-12 weeks 48 2534 085 0.77 093 0.041 20.73 <.001 708
Long-term 13 weeks or more 40 2123 0.89 0.81 097 0.042 21.19 <001 71.5
Intensive (4 weeks during vacation) 35 1878 0.76 0.68 0.84 0.043 17.67 <.001 684

k = number of studies, n = total sample size, g = Hedges' g effect size 1756, CI = confidence interval,

Z-test statistic, I> =
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heterogeneity index, Qt = total heterogeneity test statistic, df = degrees of freedom

SE = standard error, Z =
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