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Study ID D1 D2
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Dong 2023
Derakhshan 2022
YAN 2021
MA 2020

Ma 2018
Zhan 2017
Perera 2017
55U 2018
Wang 2018a
Wang 2018b
Yu 2018

Shi 2019
YAO 2019
Zhang 2021
Zhang 2020
CHENG 2020
Derisavy 2023
Mohammadimehr 2023
Heydari 2024
Rohi 2015
Huang 2021
Kashif 2023

Shomaker 2002

Wang 2017
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Low risk

Some concerns

High risk
D1 Randomisation process
D2 Deviations from the intended inter
D3 Missing outeome data
D4 Measurement of the outcome
D5 Selection of the reported result
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Funnel Plot of Standard Error by Std diff in means
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Study name Statistics for each study Std diff in means and 95%Cl
Std diff  Standard Lower Upper
inmeans error  Variance limit  limit ZValue p-Value
Heydari 2024 1/433 0/289  0/084 0/866 2/000 4/951  0/000 &
Derisavy 2023a 0/338 0/212  0/045 -0/078 0/754 1/592  0/111 ——
Derisavy 2023b 0/764 0/218  0/048 0/336 1/192 3/500  0/000 —a
Dong 2023 1217 0/281  0/079 0/727 1/828 4/545  0/000 —1—
Kashif 2023 1/557 0/252  0/064 1/063 2/051 6/175  0/000 —i—
Derakhshan 2022 1/069 0/378  0/143 0/328 1/810 2/829  0/005 —
Huang 2021 0/212 0/233  0/055 -0/246 0/669 0/906  0/365 -1
YAN 2021 0/659 0/108  0/012 0/448 0/870 6/119  0/000 -
Zhang 2021 0/362 0/125 ~ 0/016 0/117 0/608 2/898  0/004 —+
CHENG 2020 0/884 0/236  0/056 0/422 1/346  3/751  0/000 T
MA 2020 0/919 0/113  0/013 0/698 1/140  8/155  0/000
Shi 2019 1172 0/216 ~ 0/047 0/748 1/596 5/413  0/000 ——
SU 2019 0/479 0/262  0/069 -0/034 0/993 1/830  0/067 %
YAO 2019 0/279 0/181  0/033 -0/077 0/634 1/538  0/124 ——
Wang 2018a 1214 0/262  0/069 0/700 1/728 4/630  0/000 ——
Wang 2018b 1/064 0/261  0/068 0/552 1/576  4/072  0/000 ——
Yu 2018 1/535 0/254  0/065 1/036 2/033  6/033  0/000 &
Perera 2017 0/821 0/208  0/043 0/413 1/229 3/941  0/000 —
Zhan 2017 0/162 0/263  0/069 -0/354 0/678 0/616 0/538 —
Shomaker 2002 -0/099 0/248  0/062 -0/585 0/388 -0/398  0/690
0/783 0/097  0/010 0/592 0/975 8/037  0/000 >
-2/00 -1/00 0/00 1/00 2/00
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Study name Statistics for each study
Std diff ~ Standard Lower  Upper
in means error  Variance  limit limit

YAO 2019 0/958 0/190 0/036  0/585 1/331

Zhang 2019 1/429 0/219 0/048  1/000 1/857

SU 2018 0/538 0/263 0/069 0/023 1/053

Perera 2017 0/752 0/207 0/043  0/346 1/158

Wang 2017 0/611 0/187 0/035  0/245 0/977

Rohi 2015 0/631 0/374 0/140 -0/102  1/365

0/841 0/138 0/019 0571 VY111
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Std diff in means and 95%Cl

Z-Value p-Value

5/032

6/534

2/047

3/634

3270

1/688

6/101

0/000

0/000

0/041

0/000

0/001

0/091 1

0/000

-2/00 -1/00 0/00 1/00 2/00
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Abstract

Background: The basic sciences in the pathobiology domain (bacteriology, virology, mycology, parasitology,
immunology, and pathology) require innovative teaching methods due to their complex and extensive content. This
meta-analysis aimed to compare the effectiveness of blended learning versus traditional lecture-based instruction on
the learning outcomes of medical students.

Methods: According to the PRISMA and Cochrane guidelines, a systematic search was conducted in the following
international databases: Web of Science, PubMed, EMBASE, Scopus, ERIC, ProQuest, as well as regional databases:
SID, Magiran, IranMedex, and IranDoc, with no time restrictions (from inception to September 1, 2025). Qualitative
and quantitative data (mean, standard deviation, sample size) were extracted from studies with a concurrent control
group (lecture-based instruction) and analyzed using the random-effects model in CMA software. Risk of bias was
assessed using the Cochrane ROB2 tool. Study heterogeneity was evaluated through subgroup analyses and meta-
regression.

Findings: Out of 1,067 retrieved articles, 24 studies met the criteria for systematic review, of which 22 were included
in the meta-analysis. The results demonstrated that blended learning was significantly more effective than lecture-
based instruction in theoretical courses (effect size = 0.783; 95% CI: 0.592 to 0.975; P < 0.001) and practical courses
(effect size = 0.841; 95% CI: 0.571 to 1.111; P < 0.001). Considerable heterogeneity was observed among theoretical
studies (12 = 77.45%; P < 0.001), mainly attributable to variations in instructional design and blended learning
implementation. The flipped classroom model (employed in 80% of studies) was the most common blended learning
approach, and microbiology was the most frequently taught subject area.

Conclusion: The findings confirm the superior effectiveness of blended learning in enhancing both theoretical
knowledge and practical skills in pathobiology education. Adoption of this method is recommended as an optimal
educational paradigm, although further research is warranted to develop comprehensive blended learning
frameworks.
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