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Think-Pair-Share

What is Active Learning?

Think individually and write down your answer.
Pair with a person sitting next to you.
Share your ideas.



What is Active Learning?

active learning
The process of having students engage in

THE GREENWOOD some activity that forces them to reflect
DICTIONARY OF upon ideas and upon how they are using
EDUCATION those ideas. Requiring students to regularly

assess their own degree of understanding
and skill at handling concepts or problems
in a particular discipline. The attainment of
knowledge by participating or contributing.
The process of keeping students mentally,
John W. Collins, Nancy PatFicia RS and often physically, active in their learning
through activities that involve them in gath-
ering information, thinking, and problem
solving. {dsm, bba)
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Collins, J. W., & O'Brien, N. P. (2011). The Greenwood dictionary of education. Greenwood.



Key features of Active Learning

Instructor goes from lecturer to
learning facilitator.

Students take on more
responsibility for their learning.

Active learning leverages how
people learn best.
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Forms of Active Learning

Problem-Based Learning (PBL)

Process Oriented Guided Inquiry Learning (POGIL)
Peer-Led Team Learning (PLTL)

Flipped classes

Just in Time Teaching (JiTT)

Game Based Learning

Clickers

Concept Maps

Think-Pair-Share
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Why Active Learning?

- Learning involves the active construction of meaning by the learner.

- Individuals are more likely to learn more when they learn with others than when
they learn alone.

- Learning facts and learning to do something are two different processes.

- Attribution theory Locus of control
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Weimer, M. (2002). Learner-centered teaching: Five key changes to practice. John Wiley & Sons.



Is Active Learning Effective?



Is Active Learning Effective?

Many studies,
small Ns
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What is a Meta-analysis?

Meta-analysis is a specific type of a
systematic review.

Meta-analysis uses a statistical technique
for combining the results of studies.

Meta-analysis can be viewed as
"conducting research about research.”



Concept Map of Meta-analysis
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Meta-Analysis by Freeman et al. (2014)
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Active learning increases student performance in
science, engineering, and mathematics
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To test the hypothesis that lecturing maximizes learning and
course performance, we metaanalyzed 225 studies that reported
data on examination scores or failure rates when comparing student
performance in g science,

ing, and mathematics (STEM) courses under traditional lecturing
versus active learning. The effect sizes indicate that on average,
student performance on examinations and concept inventories in-
creased by 0.47 SDs under active learning (n = 158 studies), and
that the odds ratio for failing was 1.95 under traditional lecturing
(n = 67 studies). These results indicate that average examination
scores improved by about 6% in active learning sections, and that
students in classes with traditional lecturing were 1.5 times more
likely to fail than were students in classes with active learning.
Heterogeneity analyses indicated that both results hold across
the STEM disciplines, that active learning increases scores on con-
cept inventories more than on course examinations, and that ac-
tive learning appears effective across all class sizes—although the
greatest effects are in small (n < 50) classes. Trim and fill analyses
and fail-safe n calculations suggest that the results are not due to
publication bias. The results also appear robust to variation in the
methodological rigor of the included studies, based on the quality
of controls over student quality and instructor identity. This is the
largest and most of

STEM education published to date. The results raise questions about
the continued use of traditional lecturing as a control in research
studies, and support active learning as the preferred, empirically
validated teaching practice in regular classrooms.

| education | evids based teaching |
scientific teaching

Lec[uring has been the predominant mode of instruction since
universities were founded in Western Europe over 900 y ago
(1). Although theories of learning that emphasize the need for
students to construct their own unds Jing have cl o

225 studies in the published and unpublished literature. The active
learning interventions varied widely in intensity and implementa-
tion, and included approaches as diverse as occasional roup
problem-solving, worksheets or tutorials completed during ck
use of personal response systems with or without peer instruction,
and studio or workshop course desig 2 ideli
best practice in quantitative reviews (SI Materials and Me/hml\)
and evaluated student performance using two outcome variables:
(i) scores on identical or formally equivalent examinations, concept
inventories, or other assessments; or (i) failure rates, usually
measured as the percentage of students receiving a D or F grade
or withdrawing from the course in question (DFW rate).

The analysis, then, focused on two related questions. Does a
tive learning boost examination scores? Does it lower failure rate:

Results

The overall mean effect size for performance on identical or
equivalent examinations, concept inventories, and other asses
ments was a weighted standardized mean difference of 0.47 (Z =
9.781, P << 0.001)—meaning that on aver: student perfor-
mance increased by just under half a SD with active learning
compared with lecturing. The overall mean effect size for failure
rate was an odds ratio of 1.95 (Z = 10.4, P << 0.001). This odds
ratio is equivalent to a risk ratio of 1.5, meaning that on avera
students in traditional lecture courses are 1.5 times more likely to
fail than sludcnls in courses with active learning. Average failure
rates were 21.8% under active learning but under tradi-
tional lcuunng— difference that represents a 55% increase
(Fig. 1 and Fig. S1).

33.8

Significance

The President’s Council of Advisors on Science and Technology
has called for a 33% increase in the number of science, tech-

the theoretical underpinnings of the traditional, instructor-
focused, “teaching by telling” approach (2, 3), to date there has
been no quantitative analysis of how constructivist versus expo-
sition-centered methods impact student perfommme in un-
dergraduate courses across the science, technology, engineering,
and ics (STEM) disciplines. In the STEM

should we ask or should we tell?

Addressing this question is essential if scientists are committed
to teaching based on evidence rather than tradition (4). The
answer could also be part of a solution to the “pipeline problem”
that some countries are experiencing in STEM education: For
example, the observation that less than 40% of US students who
enter university with an interest in STEM., and just 20% of
STEM-interested umlcncprcwnlcd minority students, finish with

nology, engineering, and (STEM) bachelor's degrees

per year and adoption of empi
validated teaching practices as critical to achieving that goal. The
studies analyzed here document that active learning leads to
increases in examination performance that would raise average
grades by a half a letter, and that failure rates under traditional
lecturing increase by 55% over the rates observed under active
leamning. The analysis supports theory claiming that calls to in-
aease the number of students receiving STEM degrees could be
answered, at least in part, by abandoning traditional lecturing in
favor of active learning.

Author contributions: S.F. and M.P.W. designed research; S.F., MM, MKS., N.O., H,,
and M.P.W. performed research; S.F. and S.L.E. analyzed data; and S.F., S.LE., M.M.
MK.S., N.O., H.J,, and M.P.W. wrote the paper.

‘The authors declare no conflict of interest.

of constructivist versus

*This Di ion article had a prearranged editor.

course designs, we focused on the design of class sessions—as
opposed to laboratories, homework assignments, or other exer-
cises. More specifically, we compared the results of experiments
that documented student performance in courses with at least
some active learning versus traditional lecturing, by metaanalyzing
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Meta-analyzed 225 studies that
reported data on exam scores
and failure rates in
undergraduate STEM courses
(traditional lecture vs active
learning

Two fundamental results:

- Students in traditional classes
have lower grades (1/2 SD

- Students in traditional lecture
sections were 1.5 times more
likely to fail
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67 studies reported failure
rate data

Average failure rate
21.8% active learning
33.8% traditional lecture

Risk ratio = 1.5

Students in lecture are
1.5x more likely to fail
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Poll Question: Which of the following can you conclude from
this graph?

A. Active learning is more effective in small classes
B. Active learning is more effective in large classes

C. Active learning is equally effective in small and large classes



Assessment Type

Assessment Type
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Cooperative Learning in Chemistry
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Meta-analyzed 25 studies that
investigate the effectiveness
of CL in chemistry.

ES =0.68

Median student performance
in a CL group would be at the
/5th percentile when
compared to that of a student
in a traditional group
performing at the 50th
percentile.

Warfa, A. R. M. (2015). Using Cooperative Learning to Teach Chemistry: A Meta-analytic Review. Journal of Chemical Education, 93(2), 248-255.



PLTL in Chemistry

St name Outcome Statistics for each study Hedges's g and 95%Cl
Hedges's Lower Upper
g limit limit
Akinyele, 2010 Achievement 0.720 0.282 1.158 —1
Baez-Galib etal., 2015 Passing 0.367 0240 0494 ]
Chan & Bauer, 2015 Achievement 0.530 0.163 0.897 -
Hockings et al., 2008 Passing 0.217 0.080 0.354 n
Lewis & Lewis, 2005 Achievement 0.381 0.096 0.666 -
Lewis & Lewis, 2008 Achievement 0.147 0.020 0273 L
Lewis, 2011 Achievement 0.306 0.207 0.405 ]
Lyon & Lagowski, 2008 Achievement 0414 -0.259 1.087 i
McCrearyet al., 2006 Achievement 0.374 -0.084 0.832 +——
Mtchell etal., 2012 Passing 0.081 -0.157 0.319 :—
Rein & Brookes, 2015 Achievement -0.003 -0.166 0.159
Shields etal., 2012 Achievement 0.811 0533 1.090 —
Steward et al., 2007 Passing 0.372 0.155 0.589 -
Tenney & Houck, 2003  Passing 0.239 -0.104 0.583 T
Tienetal., 2002 Achievement 0.632 0537 0727 " i\
Wamser, 2006 Passing 0529 0420 0.638 AN _
0.365 0.250 0.480 L 7 ¢
-2.00 -1.00 0.00 1.00 2.00

Favours Control

Fav@urs Treatment

Organic Chemistry

Leontyev, A., Chase, A., Pulos, S., & Varma-Nelson, P. (2017). Assessment of the Effectiveness of Instructional Interventions Using a Comprehensive
Meta-Analysis Package in Gupta, T. (Ed), Computer-Aided Data Analysis in Chemical Education Research (CADACER) Advances and Avenues. Acs0
Symposium book. Accepted.
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Where are small, non-significant
studies?
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VISIBLE LEARNING
A SYNTHESIS OF OVER
800 META-ANALYSES
RELATINGTO ACHIEVEMENT
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Effect sizes interpretation
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Hattie, J. (2009). Visible learning: A synthesis of over 800 meta-analyses relating to achievement. New York: Routledge.



The Muddiest Point

most surprising
What was the muddiest point in this lecture?

Answer the question on 3x5 cards
in 2-3 sentences.
Do not write your names.



Welcome and
Enjoy the Workshop!
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