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The Pow
er of Sm

all C
hanges

͒M
˗ch ˑf ˙ha ̟˙e͐˘e bee

 ː
doing as teachers and 
˕˖˗deː˖ ̞i˕ː͐ ̟˕e˔˘iːg ˗

 ̞
well, but som

e 
com

paratively sim
ple 

changes could m
ake a big 

diffe˔eːce.͓

Brown, Roediger, M
cDaniel

M
ake it Stick

(Harvard U
P, 2014)



Pausing for Learning

�
͒I ːthe current study the 
procedure consisted of pausing 
for 2 m

inutes 3 tim
es during each 

45-m
inute lecture. During the 

pause, subjects form
ed dyads 

and discussed lecture content 
(e.g., asked each other for 
clarification of concepts or 
caught up on notes). No 
instructor-subject interaction 
occurred during the pauses. ͓
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Sm
all Teaching Innovations

�Brief
(5-15 m

inute) interventions into individual learning 
sessions

�Lim
ited num

ber of interventions or activities within an entire 
course

�M
inor

changes to course design, assessm
ent structure, or 

com
m
unication with students  
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K
noZ

ledge: qThe H
idden PoZ

eUr of C
ogniWion

�͒Skiˎˎ ̞g˔ˑ
 ̇ˑ˔gaːicaˎˎ ̨ˑ˗ ̟ˑf ˕˒ecific 

knowledge dom
ains͘

that is to say, facts . . . 
The wider your knowledge, the m

ore widely 
your intelligence can range and the m

ore 
˒˗˔cha˕e i ̟ge˖ ̞ˑ

 ːːe
 ̇iːfˑ˔ˏ

a˖iˑː. ͓ 
Ian Leslie, Curious



Retrieval Practice in the Laboratory
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Lim
its of Long-Term

 M
em

ory

�͒I ːˎˑːg-term
-m

em
ory the 

lim
iting factor is not storage 

capacity, but rather the 
ability to find what you need 
when you need it. Long-term 
m
em

ory is rather like having 
a vast am

ount of closet 
space͘

it is easy to store 
m
any item

s, but it is difficult 
to retrieve the needed item 
in a tim

ely fashion.͓M
ichelle M

iller



A
 Little Bit of Theory . . . 

�͒M
eˏ

ˑ˔ie
 ̞. . . a˔e eːcˑded b

 ̨
m
odifications in the strengths of 

connections am
ong neurons.  W

hen we 
experience an event or acquire a new 
fact, com

plex chem
ical changes occur at 

the junctions͘
synapses͘

that connect 
neurons with one another . . . with the 
passage of tim

e, these m
odifications can 

dissipate . . . unless strengthened by 
subsequent retrieval and recounting.͓

Daniel Schacter



Thinking to Retrieve
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Retrieval as a Form
 of Thinking

�͒B
 ̨retrieving a m

em
ory we m

odify, reorganize, and 
consolidate it better in our long-term storage. 
Furtherm

ore, recalling a m
em

ory often creates 
additional retrieval pathways to that m

em
ory, and 

m
akes it easier to find it later. Lastly, by searching 

for a m
em

ory, we frequently activate inform
ation 

connected to that m
em

ory and link it in a m
ore 

networked context for easier future acce˕˕.͓
Tricia Taylor
The Learning Scientists



Sm
all Teaching: Retrieval

�O
pen class by asking students to ͒˔eˏ

iːd
 ͓˛ˑ

 ̠ˑf 
previous content or sum

m
arize readings. 

�Close class by . . . asking students to write down 
the m

ost im
portant concept from that day

(i.e., 
the m

inute paper) and one rem
aining question.

�Use polling with peer instruction intervals
in order to 

allow students to help one another retrieve, 
think, and engage.





Sum
m

ary of Learning Strategies (2013)

Low U
tility

�Sum
m
arization

�Highlighting
�Re-reading
�Keyword M

nem
onics

�Im
agery

M
oderate to High U

tility

�Elaborative Interrogation
�Interleaved Practice
�Self-Explanation

�Distributed Practice
�Practice Testing



Peer Instruction: Retrieval+Thinking+Engagem
ent

�
Instructor poses a question or problem

.

�
Students work on question or problem 
individually and post response.

�Students turn to their 
neighbor and explain their 
response.

�
Students re-subm

it their answers.

�
Instructor solicits explanations from 
students.

�
Instructor provides correct answer or 
solution.



C
onceptual U

nderstanding
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C
onnected K

now
ledge

͒O
ːe iˏ

˒ˑ˔˖aː ̟˙a
 ̨e˚˒e˔˖˕ ͐aːd 

ːˑ˘ice˕ ͐kːˑ˙ˎedge ˑ˔gaːi˜a˖iˑː
 ̞

differ is the num
ber or density of 

connections am
ong the concepts, 

facts, and skills they know . . . as 
experts in our dom

ain, we m
ay 

organize our knowledge in a way 
that is quite different from how 
ˑ˗

 ̝˕˖˗deː˖ ̞ˑ˔gaːi˜e ˖hei˔˕. ͓

How Learning W
orks



C
onnection Q

uestions

�List ˑːe ˙a
 ̨i ː˙hich ˖he da˛͐ ̞cˑ˗˔˕e cˑː˖eː ̟

m
anifests itself on cam

pus or in their hom
e lives.

�Identify a television show, film
, or book that som

ehow 
illustrates a course concept from class.

�De˕c˔ibe hˑ
 ̇˖ˑda˛͐ ̞m

aterial cˑːːec˖ ̞˖
 ˑˎa˕ ̟˙eek͐˕.

�E˚˒ˎai ːhˑ
 ̇˖ha ̟da˛͐ ̞ˏ

a˖e˔ia ˎcˑːːec˖ ̞˖
 ˑ˕ˑˏ

e˖hiːg 
they learned in another course.

�Hˑ
 ̇˙ˑ˗ˎd ˛ˑ

 ̠cˑːːec ̟˖ˑda˛͐ ̞ˏ
a˖e˔ia ˎ˖

 ˑaː
 ̨c˗˔˔eː ̟

political/econom
ic/social debate we are having?



C
oncept M

aps

�A m
eta-analysis of 55 

studies found that students 
who com

pleted concept 
m
aps on a topic had higher 

levels of knowledge retention 
and transfer com

pared to 
students who read passages 
of text, attended lectures, or 
participated in classroom 
discussions on the topic 
(Nesbit & Adesope

2006).͓
ABL Connect



C
onnection through A

nnotation



Som
eone G

ive M
e . . .

A
 ːAːaˎˑg˛: W

ha˖͐ ̞I ̟Like?

An Exam
ple: W

here Have You Seen It?

A Reason: W
hy Does It M

atter?



W
ell-W

rought Learning

�͒Yˑ
 ̠now see why ͏c˔aˏ

ˏ
iːg ͐m

ust be so poor a m
ode of 

study. Cram
m
ing seeks to stam

p things in by intense 
application im

m
ediately before the ordeal. But a thing thus 

learned can form but few associations. O
n the other hand, 

the sam
e thing recurring on different days, in different 

contexts, read, recited on, referred to again and again, 
related to other things and reviewed, gets well wrought into 
the m

ental ˕˖˔˗c˖˗˔e.͓
W
illiam Jam

es (1899)



Sm
all Teaching: C

onnections

�Consider using connection notebooks or 
discussions

to help students connect course 
m
aterial to their lives.

�Require students to create concept m
aps m

ultiple 
tim

es or with different organizational principles.
�Use annotation tools like Hypothes.is or Perusallto 

create connecting threads on course texts.
�Think continually about how to invite students to 

create their own exam
ples and connections.
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A
Box of C

ontent

The focus of this course is on nutrient uptake and 
translocation, nutrient deficiency sym

ptom
s, plant prim

ary 
and secondary m

etabolism
, physiological responses to  

biotic and abiotic stresses, horm
ones and signal 

transduction, defense and im
m
une responses. The 

laboratory com
ponent of this course will provide opportunity 

for students to have hands on experience and assess plants 
physiological behavior by determ

ining m
etabolites content 

and enzym
es activities and studying horm

ones and 
nutrients. 



W
hat the Best Teachers D

o

Problem
sQ
uestions

Challenges



Building a Learning Experience

�
1. Articulate Problem or Q

uestion

�
2. Explain Significance or Relevance

�
3. Give Students O

pportunity to 
Answer

�
4. Provide Answer

�
5. Conclude with Problem or 

Q
uestion



M
otivating Learners

�Build courses, units, and individual class periods
around problem

s, questions, or challenges.
�Build purpose or question rem

inders
into 

assignm
ent sheets or other regular 

com
m
unication with students.

�U
se opening and closing m

inutes of class to invite 
students into thinking about purpose and 
m
eaning.



M
ore Inform

ation and Resources . . . 

�͒Sˏ
aˎ ˎChaːge

 ̞i ː
Teachiːg͓

�RetrievalPractice.org
�How Learning W

orks
�Best Teachers Sum

m
er 

Institute
�@

LangO
nCourse


