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Bloom’s taxonomy 1s a set of principals used to identify the complexity

of learning objectives. In flipped environment, out-of-class time 1s spent
on the lower levels, while 1n-class-time 1s spent on the higher levels.
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Previous meta-analyses of the flipped classroom effect on student
achievement concluded a positive relationship between academic
achievement and flipped environment across multiple disciplines [2] [3],
for exceptions see [4].

Heterogeneity

The degree of variation in the true effect that 1s due to something else
other than sampling error (there are more factors that contribute to the
results). Can be measured either by Cochran’s Q test or /? statistics. The
difference between QO test and /7 is that O test is biased towards the
sample size. In contrast, /7, does not have that bias, and provides the
ratio of true heterogeneity (or signal-to-noise ratio).

Q-value df p-value [? Tau?
315.40 20.00 0.00 93.66 0.35

Both O and I? value suggest that the results are heterogeneous.

To see if the imprecision within studies explains the variance between
the studies, tau-squared was measured. Tau 1s an estimate of the standard
deviation of the distribution of true effect sizes, under the assumption
that these true effect sizes are normally distributed.

Moderator Analysis

Publication Bias

Moderator variables affects the magnitude of the relationship between
independent and dependent variables. We explored the effect of the
following moderator variables :

* Class Size

* Course Level
Moderators were chosen for the sufficient amount of studies for each of
the levels.

Methodology
Inclusion Criteria
* Flipped vs Traditional
* Enough statistical information to Forest Plot
calculate effect size Generation
* Biological Sciences Moderator
Literlature Analysis
Search > Effect Size Publication
Bias
Heterogeneity
Literature Search
~ 380 297 21 Studi 22 Effect
Records ™ == Records At el? ibeli: p—  Sizes
Identified Screened 5 Extracted

276 Excluded:

Single Group (17), Not enough Statistical
Information (45), Not Flipped vs. Traditional
(33), Not Biology (116), Not Experimental
(57), No Achievement Scores (8)

Effect Size

The Comprehensive Meta-Analysis version 3.0 was used. The studies
that did not provide mean, standard deviation, sample size, t-value or p-
value, were analyzed further to see if the data can be extracted in any
way. The studies that reported more than one outcome, we took an
average of outcomes to produce one single point estimate.

X flipped ~— X traditional

Publication bias occurs when studies that do not show a positive or
significant result are not published, creating error [5]. To assess this
i1ssue, we generated following tests:

» Classis Fail-Safe N: Number of hypothetical articles that needed to
remove publication bias 2> N =332

* Begg and Mazumdar’s Rank Correlation: Non-parametric test based
on rank correlation between intervention effect estimates and
sampling variances =2 Kendall’s tau = 0.26 (p = 0.05)

* Egger’s Regression test: Regression method that test linear
association between the intervention effect and standard error -
Intercept = 6.12 (p < 0.00)

e Trim and Fill: Adjust a meta-analysis for the impact of missing
studies. This method first removes smaller studies, then trimmed
funnel plot 1s used to estimate the true ’center” to replace the studies
and their missing “counterparts” around the center.
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Test for Effect of Class Size
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Class size

Small
Large

10 0.70 0.19 0.33 1.07
11 0.19 0.17 -0.14 0.51

Small classes benefitted more than large classes from implementation of
a flipped classroom. This moderator did not reduce heterogeneity of
meta-analysis.

Test for Effect of Course Level

95% CI
k (Number Point Standard Lower  Upper
of Studies)  Estimate Error Limit Limit

Course Level

K-12 5 0.93 0.28 0.39 1.47
Undergraduate. 9 0.27 0.19 0.11  0.65
Graduate | 7 0.27 0.22 -0.15 0.70

Students 1n K-12 benefitted more than undergraduate and graduate
students from implementation of a flipped classroom. This moderator
did not reduce heterogeneity of meta-analysis.

Conclusions

Hattie’s Barometer of Influence

Effect Size =
SD pooled
Forest Plot

Study name Outcome Statistics for each study Std diff in means and 95% CI

Std diff ~ Standard Lower  Upper

in means error limit limit p-Value
Zupanec et al. (2018) Blank 2.147 0237 1682 2612  0.000 B
Elian & Hamaidi (2018) Blank 1.494 0.341 0.826 2163  0.000 ——
Malto et al. (2017) Combined 1.054 0239 0584 1523  0.000 —-
Wong et al. (2014) Blank 0.900 0.147 0612 1.188  0.000 B
Hsu et al. (2016) Blank 0.888 0232 0434 1343  0.000 -
Marcey & Brint (2012) Blank 0.808 0.317 0.187 1430  0.011 ——
Rui et al. (2017) Blank 0.683 0.153 0.383 0983  0.000 3
Bowman et al. (2016) Blank 0.631 0.153 0.331 0931  0.000 3
Barral et al. (2018) Blank 0.591 0.175 0247 0935  0.001 e B
Mortensen & Nicholson (2015)  Blank 0.418 0.117 0.188 0.648  0.000 B
Jinet al. (2018) Blank 0.342 0.194 -0.038 0722 0.077 -l
Whillier & Lystard (2015) Blank 0.286 0252 -0208 0781  0.256 -
Leo & Puzio (2016) Blank 0.157 0244 -0.321 0636 0519
Heybome & Perrett (2016) Blank 0.152 0.170 -0.181 0485  0.370
Jensen et al. (2015) Blank 0.112 0.193 -0265 0490 0.559 Overall Weighted Effect
Liebert et al. (2016) Blank 0.000 0.141 -0277 0277  1.000 Size = 0.415
Leatherman & Cleveland (2019) Blank -0.030 0.110 -0245 0185 0.784
McLaughlin et al. (2013) Blank 0.126 0.113 -0.347 0.095 0.265
Weiss (2018) Blank -0.226 0.301 -0.816 0.364 0452 p-value = 0.002
Moravec et al. (2010) Blank -0.468 0.061 -0.587 -0.349  0.000 [ |
Moffett & Mill (2014) Blank -0.659 0.156 -0.964 -0.354  0.000 e B
Overall Effect Size 0415 0136 0149 0681  0.002 <& ‘ ‘
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Provides a visual representation of different influences on academic
achievement using effect sizes. Includes 7 areas that contribute to the
achievement: students, home, school, curricula, teacher, teaching and
learning approaches and classroom [6].
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Flipped Classroom: Effect Size = 0.42

* First meta-analysis 1n life sciences using more than 4000 students

* Flipped classroom in life sciences has a positive effect on student
achievement based on 21 studies

* Evidence of publication bias based on multiple tests

* Small classes and students in K-12 benefited the most from flipped
classroom

* Flipped classroom fall in the zone of desired effect on Hattie’s
barometer of influence
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