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since 1991:
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To test the hypoth
esis that lecturin

g maximizes learnin
g and

course
perform

ance, w
e metaanal

yzed 225 studies
that reporte

d

data on examination
scores o

r failure
rates w

hen comparing student

perform
ance in underg

raduate
science

, techn
ology,

engine
er-

ing, an
d mathematics (STEM) course

s under traditio
nal lect

uring

versus
active learning

. The effect sizes indicate
that on average

,

student
perform

ance on examinations
and concept

invento
ries in-

creased
by 0.47 SDs under a

ctive learning
(n = 158 studies)

, and

that the
odds ra

tio for faili
ng was 1.95

under t
radition

al lectu
ring

(n = 67 studies)
. These

results
indicate

that av
erage examination

scores i
mproved

by about 6
% in active learning

sections
, and that

student
s in classes

with traditio
nal lect

uring were 1.5 times more

likely to fail tha
n were student

s in classes
with active learning

.

Heterog
eneity

analyse
s indicate

d that both results
hold across

the STEM disciplin
es, that

active learning
increase

s scores
on con-

cept inv
entorie

s more than on course
examinations

, and that ac-

tive learning
appears

effectiv
e across a

ll class s
izes—althoug

h the

greates
t effect

s are in small (n ≤ 50) clas
ses. Trim

and fill anal
yses

and fail-safe
n calculat

ions sug
gest tha

t the results
are not due

to

publica
tion bias. Th

e results
also appear

robust
to variatio

n in the

methodo
logical r

igor of
the include

d studies,
based on the quality

of cont
rols ove

r studen
t qualit

y and instruct
or iden

tity. Th
is is the

largest
and most comprehens

ive metaanal
ysis of underg

raduate

STEM educati
on publish

ed to date. Th
e results r

aise questio
ns abou

t

the continu
ed use of tradi

tional le
cturing

as a control
in researc

h

studies,
and support

active learning
as the preferre

d, empirically

validate
d teachin

g practice
in regular

classroo
ms.

constru
ctivism | undergra

duate educati
on | evidence

-based
teachin

g |

scientifi
c teachin

g

Lecturing
has been

the predominant mode of instru
ction since

universit
ies were

founded
in Western Europe over 900

y ago

(1). Alth
ough theories

of learni
ng that emphasize

the need for

students
to construc

t their own understa
nding have challeng

ed

the theoreti
cal unde

rpinning
s of the tradition

al, instr
uctor-

focused,
“teachin

g by telling
” approach

(2, 3), to
date there has

been no quantita
tive analysis

of how construc
tivist ver

sus expo
-

sition-ce
ntered methods impact student

performance in un-

dergradu
ate courses a

cross the
science,

technolo
gy, engin

eering,

and mathematics (ST
EM) discipli

nes. In the STEM classroom
,

should we ask or shoul
d we tell?

Addressi
ng this q

uestion is essenti
al if scien

tists are
committed

to teaching
based on evidence

rather than tradition
(4). The

answer c
ould also be part o

f a soluti
on to the “pipe

line prob
lem”

that som
e countrie

s are experien
cing in STEM educatio

n: For

example, the observat
ion that less

than 40% of US students
who

enter universit
y with an interest

in STEM, and just 20% of

STEM-intereste
d underrep

resented
minority students,

finish with

a STEM degree (5).

To test the e
fficacy o

f constru
ctivist ve

rsus expo
sition-ce

ntered

course designs,
we focused

on the design of class
sessions—

as

opposed
to laborato

ries, hom
ework assignments, or

other ex
er-

cises. More specifica
lly, we compared the results o

f experim
ents

that doc
umented student

performance in courses
with at least

some active learning
versus tra

ditional l
ecturing,

by metaanalyz
ing

225 studies in
the published

and unpublish
ed literature

. The active

learning
intervent

ions vari
ed widely in intensity

and implementa-

tion, and
included

approach
es as diverse as occasion

al group

problem
-solving,

workshe
ets or tu

torials co
mpleted during class,

use of pe
rsonal re

sponse sy
stems with or withou

t peer in
struction

,

and studio or works
hop course de

signs. We followe
d guideline

s for

best prac
tice in quantitat

ive reviews (SI Materials and Methods),

and evaluated
student p

erformance using two outcome variables
:

(i) scores
on identical

or formally equiv
alent exa

minations,
concept

inventor
ies, or o

ther asse
ssments; or

(ii) failu
re rates, us

ually

measured
as the percenta

ge of studen
ts receivi

ng a D or F grade

or withd
rawing from the course in question

(DFW rate).

The analysis,
then, foc

used on two related question
s. Does ac-

tive learn
ing boost

examination scores? D
oes it low

er failure
rates?

Results

The overall m
ean effect size for performance on identical

or

equivale
nt examinations,

concept
inventor

ies, and
other as

sess-

ments was
a weight

ed standard
ized mean differenc

e of 0.47
(Z =

9.781, P
<< 0.001)—

meaning that on
average,

student
perfor-

mance increased
by just under half a SD with active learning

compared with lecturing
. The overall m

ean effect siz
e for failur

e

rate was an odds rati
o of 1.95 (Z = 10.4, P << 0.001). T

his odds

ratio is equiva
lent to a risk ratio of 1.5, m

eaning th
at on average,

students
in tradition

al lecture
courses a

re 1.5 tim
es more likely

to

fail than
students

in courses w
ith active lea

rning. A
verage fa

ilure

rates we
re 21.8% under ac

tive learning
but 33.8

% under tr
adi-

tional le
cturing—

a differen
ce that rep

resents a
55% increase

(Fig. 1 and Fig. S1)
.

Signific
ance

The Preside
nt’s Cou

ncil of A
dvisors

on Science
and Techno

logy

has called for a 33% increase
in the number of science,

tech-

nology,
enginee

ring, an
d mathematics (ST

EM) bachel
or’s deg

rees

completed per year and recommended adoptio
n of empirically

validate
d teaching

practice
s as crit

ical to achievin
g that goa

l. The

studies
analyze

d here document that active learning
leads to

increase
s in examination

perform
ance that would raise average

grades
by a half a letter, a

nd that fai
lure rates un

der trad
itional

lecturin
g increase

by 55% over th
e rates observe

d under a
ctive

learning
. The analysis

support
s theory

claiming that calls to in-

crease the number of s
tudents

receivin
g STEM degrees

could be

answered, at
least in

part, by
abando

ning traditio
nal lectu

ring in

favor of
active learning

.
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“students in classes with traditional lecturing 

1.5 times more likely to fail than students 

in classes with active learning”
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team- and project-based learning
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how to effectively transfer information outside classroom?



want:

every student prepared for every class



want:

every student prepared for every class

(without additional instructor effort)



turn out-of-class component

also into a social interaction!

Solution



social learning platform

perusall.com



thoughtful reading and interpretation



thoughtful reading and interpretation

close to 95%!





social engagement 

in & out of classroom a must



• overwhelming evidence

• research data is essential
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