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Re-thinking “who is 
smart” in the classroom:
The roles of 
sensemaking talk and 
scientific modeling

Identities get shaped by the classroom 
culture: The “smart kid” can…

…comply with 
procedural activities 
that don’t connect with 
their interests, or with 
authentic science

….reproduce textbook 
ideas on quizzes and tests

…respond to requests 
for “right answers”

…pick up science 
vocabulary and repeat it, 
to give appearance of 
understanding

• Can I participate? 
• Will I participate? 
• Can I see my interests in the science?
• Will people care about my ideas?

Let’s do reform but 
not getting distracted 
by its shiny bits:

• Open opportunities for student 
participation by all

• Connect the science with their 
lives and interests

• Allow them to show more of 
what they know 

5principles



Anchoring events: Designing motivating units, tapping interests & 
everyday experiences

Sophomore biology: Why 
did my aunt get breast 
cancer and will it spread? 

2nd grade: An apple tree 
starts to grow on a hillside, 
where did it come from? 

Kindergarten: How can 
someone little push someone 
big off the end of a slide? 

5th grade: Why are solar 
eclipses predictable and 
so rare?

AP Chemistry: Where 
does the heat go when I 
pour out my coffee?

8th grade: Why are killer 
whale populations in Puget 
Sound declining?

What the arc of a unit looks like…
Ecosystems: Yellowstone

streams. Mean willow stem ring area was as much as two times
greater after wolf reintroduction compared to before wolves sug-
gesting a willow release (Fig. 1F). The number of beaver colonies
on the northern range increased from 1 in 1996 to 12 in 2009
(Fig. 1G). Summer counts of bison on the northern range have
greatly increased since wolf reintroduction. The number of counted
bison between 2001 and 2010 (!x ¼ 1;385) averaged nearly two
times greater than between 1990 and 2000 (!x ¼ 708) (Fig. 1H).

Mean annual snow water equivalent (SWEacc) was 34.7 m for
the period of 1981–2009. During the late 1990s (1995–1999), rep-
resenting the early years of wolf recovery in Yellowstone NP, an-
nual SWEacc averaged 49.7 m which was more than 40% above
the long term mean. During more recent years (2000–2009), the
average SWEacc was 30.6 m or approximately 14% below the long
term mean.

During the 15 years since wolf reintroduction (1995/1996–
2010), we found 13 field studies and 2 remote sensing studies of
change in woody browse species in Yellowstone (Table 1). Twelve
of 13 field studies reported taller plants over time. For example,
some valley-bottom willows showed evidence of release from high

browsing pressure by about 1997 on the northern range
(Beyer et al., 2007) and by about 1999 on the Gallatin winter range
(Ripple and Beschta, 2004b). Two remote sensing studies of willow
cover also showed significant increases in willow canopy cover
since wolf reintroduction (Groshong, 2004; Baril, 2009). Cotton-
woods on the northern range showed evidence of a release at just
a few sites in 2002 (Ripple and Beschta, 2003), had increased by
2006, and increased further by 2010 (Fig. 1E). Evidence for a re-
lease of riparian aspen appeared at some sites by 2004 (Ripple
and Beschta, 2007b) and by 2010, even upland aspen were at early
stages of a release (Fig. 1D).

When documenting recruitment, authors consistently reported
(1) that plant height increases were inversely related to browsing
levels and (2) increased growth/recruitment was ‘‘spatially patchy’’
and only found at some sites and not others. Most authors attrib-
uted these plant responses, at least partially, to spatial variation
in perceived predation risk; relatively risky sites received less
browsing and experienced more plant growth. Perceived predation
risk relates to prey antipredator behavior (Lima and Dill, 1990) and
can be inferred from foraging patterns (browsing) and space use by

Fig. 1. Trends in (A) wolf populations, (B) minimum elk populations from annual counts, (C) percentage of aspen leaders browsed, (D) mean aspen heights (early springtime
heights after winter browsing but before summer growth), (E) cottonwood recruitment, (F) willow ring area, (G) number of beaver colonies, and (H) summer bison counts.
Wolf data were obtained from Smith et al. (2011). Elk data for the period 1993–2004 from White and Garrott (2005); 2005–2010 elk data as well bison data unpublished from
Yellowstone National Park. The elk count for 2006 is believed to be inaccurate due to poor weather conditions during the count. Animal data presented here are based on
reporting year protocol suggested by White and Garrott (2005). Recent changes in the distribution of elk to more use of conifer cover (Mao et al., 2005) indicate that
continuing efforts to conduct the traditional complete counts of elk may not be adequate. Willow data from Beyer et al. (2007); beaver data from Smith and Tyers (2008) and
Yellowstone National Park. Dashed lines represent time periods with at least 1 year of missing data. Panels A, G, and H represent animal population counts for the northern
range in the park; B the entire northern range; and C, D, E, and F from selected plant study areas within the northern range inside the park.
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Inter-dependence 
of different species

Habitats

Changing population 
data

Competition 
for resources

Trophic pyramids: 
How does energy flow ?Carrying capacity

How social behavior 
helps survival

Essential question: How could the re-introduction 
of a small number of wolves cause dramatic 
changes in the Yellowstone ecosystem? 

Outcome of this work? Unique  
explanations & models 

• Social behavior of wolves
• Eco disturbance
• Elk no longer trampling river banks
• Competition with coyotes
• Climate change

SOUND

Studying the “energy story” behind 
sound



How are auditoriums built to 
make voices & music clear?

Can ultrasound help us see 
hidden things?

How can “booming” 
speakers make me shake?

Can technology help us 
overcome hearing loss? 

How bats and dolphins use 
sound to find prey?

Can a person who is 
blind echo-locate?

How do neighborhoods cut 
down on noise pollution?

What makes noise vs. 
music?

Your own 
questions…

Cool stuff

Principle 1 for expanding participation

Create links 
between 
science topics 
and students’ 
everyday 
experiences, 
use their ideas 
as resources 
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Inside Amy’s 
6th grade 
classroom

• Diverse urban K-8 school
• 80% Low income, 47% English Learners
• 20% Homeless 

Show singer

“Straw inside 
the glass was 
freaking out.” 

“Sound of his 
voice vibrated 
the cup and 
straw.” 

“Flicked the 
glass, that 
maybe made a 
crack…”

Day 1
BEFORE, DURING, AFTER

• Before anything happened, I 
noticed this…
• While ___ was happening, I 
noticed this...
• After it happened, I 
noticed...

SAW, HEARD, FELT

• I saw something happen…
• I heard this...it sounded 
like...
• I felt this...

SMALL DETAILS

• I saw a detail, maybe its not 
important but I want to state 
it anyway...
• Something seemed 
missing...

CONNECTIONS TO YOUR 
EXPERIENCE

• It was like something else I 
had seen before…

Scaffolds



Let’s develop a list of “starter” ideas: 
Under what conditions would the glass 
break? [A-B “Structured talk” to support this] 

• ”We think it has something 
to do with _____.” 

• “We think _________ 
caused the glass to break.”

• “We are wondering 
_________ .”

Modeling to make thinking visible: Is 
this share-out more than just sharing?

Show model share-outShow  teacher framing 

• How might the 
teacher framing be 
thought of an equity 
move—increasing 
participation?

• Any ideas or 
puzzlements from 
Kelanie that could be 
used as resources for 
reasoning by her 
peers? 

Make student 
thinking visible, use 
multiple modalities 

Encourage drawing 
+ talking + 
gesturing + writing
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Principle 2 for expanding participation
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AP Chem: Where does heat go in my coffee? 



How can small seed grow to 
become Douglas fir? (High School) 

Consensus model by 
kindergarteners: How 
can someone little 
bump someone big 
off the end of a 
playground slide? 

Compression waves:
Ø There are some science ideas students 

cannot “discover”
Ø We might use interactive direct instruction 

followed by lab activity to teach this idea

Day 3
“I kind of agree and 
disagree with Ricardo.

I thought that you could 
only make an echo in a big 
wide-open space. 

But when I just moved into 
my house, there was an 
echo there because nothing 
was in there, it was empty. 

I said ‘It smells nice in here’ 
and I could hear myself 
echo.”

How can a teacher visit tables 
and foster participation while 
pressing for sensemaking? 



Example of student-
generated 
sentence-starters

(Ask a clarifying 
question)

180 
seconds

“Between desks instruction”  > Kikan-shidō

Talk moves…
PROBING: What 

do you think 
about…?

FOLLOW-UPS: 
Can you say 

more about that?  REVOICING: 
What I think I 

hear you saying 
is…

LEAVING QUESTION:

“I heard a couple things 
from you that might affect 

sound and echoes: 
Whether the space is big, 
and if the space is empty.” 

“Do both of those matter? 
Why?”  

PRIMING: Would 
you be willing to 
share that idea?

Design safe 
spaces for talk 
in small 
groups and 
whole class 
settings.
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Principle 3 for expanding participation



Day later—puzzlement about sound 
moving through box, but not air particles

In this 
video…

• Who has opportunities to talk in this routine?
• What groundwork for talk has likely been laid by the 

teacher earlier this year? Is there scaffolding or 
structuring of this conversation that you see evidence 
for?

Show whole class conversation

Revising models: How has our 
thinking changed? 

Revise

Add

Remove

Still have 
questions

Day 
8

Make explicit 1) the 
structure of 
authentic science 
practices, 2) 
“hidden rules” 
about science talk.
4

Principle 4 for expanding participation



Revising explanations 

and models
Resonance and other topicsDays

 10-14

   
 

The question we are answering by drawing this model and writing our explanations: How did this singer break the glass with his voice?   
Directions:  

1. In the three panels below, draw what is happening that you can and cannot see that is causing the glass to shatter. USE ZOOM-INS 
2. Use the drawings to help you write an explanation about what is happening at each point in time.  
3. For each picture, be sure to include the ideas from the Gotta-have Checklist 
4. After completing your model, provide evidence from one class activity that supports one of your claims. Write the evidence on a 
sticky-note and place on the relevant drawing.  

 

Names _____________________________________________________________________________________Period ___________________ 

Before After 

Gotta-Have checklist: in each of the three panels: 
o How compression waves move energy 
o How frequency and amplitude play a role in the glass breaking 
o The full story of energy transfers from person to glass 
o How resonance plays a role in the story  

 

During 

A final 
model 
template

Day 
15 End of unit: Transferring knowledge to new situation



Provide 
opportunities for 
students to use 
new academic 
language in the 
context of science 
conversations 
(don’t front-load 
vocabulary).

5
Principle 5 for expanding participation 1. Create links between science topic 

and students’ everyday experiences, 
use their ideas as resources. 

2. Make student thinking visible, use 
multiple modalities.  

3. Make explicit 1) the structure of 
authentic science practices, 2) 
“hidden rules” about science talk.

4. Provide opportunities for students 
to use new academic language in the 
context of science conversations 
(don’t front-load vocabulary).

5. Design safe spaces for talk in small 
groups and whole class settings. 

Expanding opportunities 
to be smart

Can I participate? Will I participate? 
Can I see my interests in the science?

Will people care about my ideas?  

There is more…

Harvard 
Ed 
Press


