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Get your clickers ready!

• no ON/OFF button

• only last “click” counts

• display shows recorded answer

www.TurningTechnologies.com
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Get your clickers ready!

unique ID on back of clicker

www.TurningTechnologies.com
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When metals heat up, they expand because all atoms get far-
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Let’s try it!

Consider a rectangular metal plate 
with a circular hole in it.

When the plate is uniformly heated, 
the diameter of the hole

A. increases.
B. stays the same.
C. decreases.
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Let’s try it!

consider the atoms at the rim of the hole



Let’s try it!

Benefits:

• helps develop conceptual models

• solidifies understanding

• provides feedback 

• empowers students



Let’s try it!

original 1. adjust contrast 2. remove blemishes

3. crop 4. remove outliers 5. reconstruct



Let’s try it!

At which of the above steps were acceptable standards of ethics 
violated?

1. Optimize brightness/contrast
2. Remove blemishes 
3. Crop on optimal area 
4. Remove outliers
5. Reconstruct image with parts copied from other locations
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what exactly is the role/benefit of a ConcepTest?

students teaching students

but there’s much more!



Introduction

Questioning provides:

• a learning opportunity

• realization of gaps in knowledge

• reconsolidation opportunity
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Produ

ces M
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ng than Elabor

ative Studyi
ng

with Conce
pt Mapping

Jeffrey
D. Kar

picke*
and Janell

R. Blu
nt

Educa
tors re

ly hea
vily on

learni
ng activit

ies tha
t enco

urage
elabor

ative studyi
ng, wh

ereas

activit
ies tha

t requ
ire studen

ts to practic
e retriev

ing and recons
tructin

g knowl
edge are used less

freque
ntly. H

ere, w
e show

that p
ractici

ng retriev
al pro

duces
greate

r gain
s in meani

ngful
learni

ng

than elabor
ative studyi

ng with concep
t map

ping.
The ad

vantag
e of retr

ieval p
ractice

genera
lized

across
texts i

dentic
al to those

comm
only f

ound
in scienc

e educa
tion. T

he ad
vantag

e of retr
ieval

practic
e was ob

served
with test qu

estion
s that

assess
ed compr

ehens
ion and requir

ed studen
ts to

make
infere

nces.
The ad

vantag
e of re

trieval
practic

e occu
rred e

ven when
the cr

iterial
test in

volved

creatin
g conc

ept ma
ps. Ou

r findi
ngs su

pport
the th

eory th
at retr

ieval p
ractice

enhan
ces lea

rning
by

retriev
al-spe

cific m
echan

isms r
ather

than by ela
borati

ve study
proces

ses. R
etrieva

l prac
tice is an

effecti
ve tool to

promo
te concep

tual le
arning

about
scienc

e.

M
ost tho

ught o
n hum

an lea
rning

is guid
ed

by a fe
w tacit as

sumpt
ions. O

ne ass
ump-

tion is that le
arning

happe
ns primar

ily

when
people

encod
e kno

wledg
e and

experi
ences.

A related
assum

ption
is that

retriev
al—the ac

tive,

cue-dr
iven p

rocess
of rec

onstru
cting k

nowle
dge—

only m
easure

s the p
roduc

ts of a
previo

us lea
rning

experi
ence

but do
es no

t itsel
f prod

uce learnin
g.

Just a
s we

assum
e that th

e act of
measu

ring a

physic
al obj

ect wo
uld no

t chan
ge the

size, s
hape,

or wei
ght of

the ob
ject, so

too pe
ople o

ften as
sume

that th
e act o

f meas
uring

memo
ry doe

s not c
hange

memo
ry (1, 2)

. Thus
, mos

t educ
ationa

l resea
rch

and pr
actice

has fo
cused

on enh
ancing

the pro
cess-

ing tha
t occu

rs whe
n stud

ents en
code k

nowle
dge—

that is
, getti

ng kn
owled

ge “in
memo

ry.” F
ar less

attenti
on has b

een paid to the poten
tial im

por-

tance
of retr

ieval
to the pr

ocess
of lea

rning.
In-

deed,
recen

t Nati
onal R

esearc
h Counc

il boo
ks

about
how studen

ts lear
n in educa

tional
setting

s

(3–5)
contai

n no menti
on of retr

ieval
proce

sses.

It is b
eyond

questi
on that a

ctiviti
es tha

t pro-

mote
effect

ive encod
ing, k

nown
as elabor

ative

study
tasks,

are im
portan

t for l
earnin

g (6).
How-

ever,
resear

ch in cogni
tive scienc

e has chal-

lenged
the assum

ption
that r

etriev
al is

neutra
l

and uninfl
uentia

l in the le
arning

proce
ss (7–

11).

Not o
nly does

retriev
al pro

duce
learni

ng, bu
t a

retriev
al eve

nt ma
y actual

ly repres
ent a

more

power
ful lea

rning
activit

y than
an enc

oding
event.

This
resear

ch sugge
sts a conce

ptuali
zation

of

mind
and learni

ng that is
differe

nt fro
m one in

which
encod

ing places
know

ledge
in memo

ry

and retriev
al sim

ply access
es tha

t store
d know

l-

edge.
Becau

se eac
h act o

f retrie
val ch

anges
mem-

ory, th
e act

of rec
onstru

cting
knowl

edge m
ust be

consid
ered essent

ial to
the pr

ocess
of lea

rning.

Most pr
eviou

s rese
arch on retriev

al pra
ctice

has been
condu

cted in the verba
l learn

ing tra-

dition
of me

mory
resear

ch (12).
The mater

ials

used
have

often
not re

flected
the comp

lex in-

forma
tion studen

ts learn
in actual

educa
tional

setting
s (13).

Most pr
eviou

s resear
ch has not

used
assess

ments
thoug

ht to
measu

re meani
ng-

ful lea
rning,

which
refers

to stu
dents’

abiliti
es to

make
infere

nces a
nd ex

hibit d
eep un

dersta
nding

of con
cepts

(14, 1
5). Pe

rhaps
the gr

eatest
imped

i-

ment
to broad

applic
ation

of ret
rieval

practi
ce,

thoug
h, is t

hat w
e do n

ot kno
w wheth

er retr
ieval

activit
ies are

more
effecti

ve tha
n othe

r activ
e, elab

-

orativ
e learn

ing ac
tivities

. Retri
eval p

ractice
might

produc
e levels

of lea
rning

that a
re essent

ially the

same
as tho

se pro
duced

by ela
borati

ve stu
dying

.

Altern
atively

, if th
ere are retriev

al-spe
cific mech-

anism
s that promo

te learni
ng, th

en retriev
al

practi
ce ma

y repr
esent

a way
to pro

mote
studen

t

learni
ng that g

oes be
yond

elabor
ative

study
ac-

tivitie
s used

in scienc
e edu

cation
.

The presen
t expe

rimen
ts put re

trieva
l prac

-

tice to
a test.

Elabo
rative

learni
ng act

ivities
hold

a centra
l plac

e in contem
porary

educa
tion. W

e

exami
ned the effect

ivenes
s of r

etriev
al pra

ctice

relativ
e to e

labora
tive st

udying
with c

oncep
t map

-

ping (16–1
8). In

conce
pt ma

pping,
studen

ts con
-

struct
a diagra

m in which
nodes

are used
to

repres
ent co

ncepts
, and l

inks c
onnec

ting th
e node

s

repres
ent re

lations
among

the conce
pts. C

oncep
t

mappi
ng is c

onside
red an

active
learnin

g task
, and

it serves
as an elabor

ative
study

activit
y when

studen
ts con

struct
concep

t map
s in th

e pres
ence o

f

the materi
als the

y are learnin
g. Un

der th
ese con-

dition
s, con

cept m
apping

bears
the de

fining
char-

acteris
tics of

an elab
orative

study
metho

d: It re
quires

studen
ts to e

nrich t
he ma

terial t
hey ar

e stud
ying a

nd

encod
e meani

ngful
relatio

nships
among

concep
ts

within
an organi

zed knowl
edge s

tructur
e.

In two exper
iment

s, we
comp

ared the ef
fec-

tivene
ss of r

etrieva
l pract

ice an
d elab

orative
study-

ing wi
th con

cept m
apping

for pro
ducing

meani
ngful

learnin
g of s

cience
materi

als. Ei
ghty u

ndergr
aduate

studen
ts part

icipate
d in E

xperim
ent 1.

The st
udents

first st
udied

a scie
nce te

xt und
er one

of fou
r con-

ditions
within

a single
initial

learnin
g sessio

n. In

the stu
dy-on

ce con
dition,

studen
ts stud

ied the tex
t

in a single
study

period
. In the repeat

ed study

condi
tion, s

tuden
ts stud

ied the te
xt in

four c
on-

secuti
ve study

period
s (8). I

n the elabor
ative

conce
pt ma

pping
condi

tion, s
tuden

ts stud
ied th

e
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To Really Learn, Quit Studying and Take a Test

(New York Times, Jan 21, 2011)
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“These other methods not only are popular, the 
researchers reported; they also seem to give stu-
dents the illusion that they know material better 
than they do.

In the experiments, the students were asked to 
predict how much they would remember a week 
after using one of the methods to learn the ma-
terial. Those who took the test after reading the 
passage predicted they would remember less 
than the other students predicted — but the re-
sults were just the opposite.”
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activation of memory causes reconsolidation
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• effective implementation

• creating ConcepTests
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potential shortcuts



Anatomy of a ConcepTest

intro

question

peer
discussion

poll

wrap up

1–2 min saved, but…

no opportunity to commit before discussion

potential shortcuts
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• effective implementation
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Effective implementation

intro

question

thinking

poll

peer
discussion

poll

wrap up

poll

poll

vary activity, measure poll-repoll gain

importance of peer discussion



Effective implementation

compare poll-repoll gain for 3 activities:

• distract

• reflect

•discuss

importance of peer discussion
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Effective implementation

intro
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thinking

poll

peer
discussion

poll

wrap up

poll

poll

normalized FCI gain:

flashcards:	 0.47

clickers:	 0.44

Phys. Teacher, 46, 242-244 (2008)

technology important?
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poll provides additional insights for discussion

have individual students defend choices?
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poll involves students in wrap up

have individual students defend choices?



Outline

• anatomy of a ConcepTest

• effective implementation

• creating ConcepTests
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An effective ConcepTest…

• is driven by student needs

• tests understanding, not memorization

• pushes students (but not too much)
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Sources of ConcepTests:

• literature/web (you’d be surprised!)

• pre-class assignments

• other assignments
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3. closure 

when writing ConcepTests, need…



Creating ConcepTests

When metals heat up, they expand because all atoms get far-
ther away from each other.

CONTEXT



Creating ConcepTests

Consider a rectangular metal plate 
with a circular hole in it.

When the plate is uniformly heated, 
the diameter of the hole

1. increases.
2. stays the same.
3. decreases. QUESTION



Creating ConcepTests

consider the atoms at the rim of the hole

CLOSURE
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