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What is Inquiry?
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The Kaila Factor

| atomic number 1 = solid
Kaila Factor = 2 = liquid
phase of matter (1,2,3) 3 =gas

eHelium
eCarbon
Mercury
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)‘ Warm Feedback

 What did you like about
the lesson?

3)

4)

Please raise your hand to volunteer!
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Cool Feedback

 What didn’t you like about the
lesson?

2)

3)

4)

Please raise your hand to volunteer!
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Why was there
Interest?

What did you want to
find out?

What was the puzzle?

Where was the
tension?
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Interest

e \What kept your interest in the
Wizard of Oz or ET?

Type your responses in the chat!
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The Puzzle

e What was a puzzle in the Wizard of
OzorET?

Type your responses in the chat!
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TheTension

 When was there tension In the
Wizard of Oz or ET?

Type your responses in the chat!
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How do you maintain
— Interest
— Tension
— Puzzle

when the ending Is
known to all?
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How do you maintain
— Interest
— Tension
— Puzzle

when the ending Is
known to all?

e Titanic
* Gravity
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Textbook stories

e “We got it right”

 If mystery books were written in the way
that science texts were written

e Where Is

ne mystery?
ne puzzle?

ne desire to find out?
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The Pendulum Lab
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Have you ever had students
complete a pendulum lab?

A. | have very little familiarity with a pendulum.

B. | know something about pendulum but have never completed
a lab.

C. My students have completed this lab.
D. My students complete this lab every year.
E. | know EVERYTHING there is to know about pendulum labs.
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- | The chandelier In
church

Observations
The chandelier
becomes a

pendulum

| The pendulum
becomes a clock
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The Pendulum Lab

o Without inquiry
— The long pendulum has a longer period
— The mass doesn’t matter

— Complete the data chart and make a graph
Length period

NSTA 225
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The Pendulum Lab

« With some inquiry

Type on the chat ways you could change
the pendulum lab to create ‘some inquiry’.
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The Pendulum Lab

e With some inquiry
— Every team gets a different length of cord with a
different mass attached.

— Measure the time it takes for your pendulum to
swing back and forth 10 times.

— Compare results
— Why aren’t they all the same?

— Can you find a way to predict the time for a
pendulum of a given length and some mass?



The Pendulum Lab

o With inquiry
— The story of Longitude (Dava
Sobel)

— The thorniest scientific problem
of the eighteenth century was
how to determine longitude.
Many thousands of lives had
been lost at sea over the
centuries due to the inability to
determine an east-west
position. This is the engrossing
story of the clockmaker, John
"Longitude" Harrison, who
solved the problem that Newton
and Galileo had failed to
conguer, yet claimed only half
the promised rich reward.
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o With inquiry
— How does it work?
— Canyougeta
pendulum to swing at
the rate of 1 second

per swing? 1 second
every half swing?

— Here is some string
and some masses.

— Good luck.

;‘ The Pendulum Lab
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The
Pendulum
Lab

(illustration from
Quantoons)
www.nsta.org
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What do you know about
density? @

A. | have never studied density.

B. | know something about density but have never completed
a lab.

C. | can determine the density of a material in the lab.
D. My students complete this lab every year.

E. I'm a “density” expert.
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Density

What Is the crucial understanding of
density that you want students to

have?

3)

4)

Please raise your hand to volunteer!

f o
Fe
-

WEB
' SEMINARS g




Textbook stories

* Density in many textbooks.

 What's wrong?
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@mwmwm

fictivity 5 Mass and Volume
Density study in most

textbooks

What Do You Think? Density as an inquiry activity

A picce of steel sinks in warer, but a steel boar floars. A riny
rock sinks in water, but a large log floats.

= Since a kilogram of feathers and a kilogram of lead have
the same mass, how do they appear di and why?

Record your ideas about this question in vour Actae
Chemistry log. Be prepared ro discuss your responses with
your small group and the class.

Investigate
Part A: Mass and Volume of Liquids

1. In your Active Chemistry log create a table 1o record yow
dara for this part of the activity. You may with to usc a
table similar to the one on the opposite page.
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Actrvity 5 Mass and Violurme

=
VYolume and Mass of VWWater
rMMazs of Volume Mass of Maszs of Masss
graduated of water graduated wwater Volurme
cylinder {mL) cylindeor (a) (g/mL)
ig) and water
{g)
2. Meoasure the mass of an ecmpoy. <dry, a) Record the volume of swarer in -
praduated cvlinder vour table. Remember o consider

I

'lhf prl:'n.:l\u:n 'l'.l’: 'I\'l.'.l-l.lr MWCASUrcricmnt

a) Record the masx of the ovlinder in
when recording your daca.

your Active Chermmistrvy log.
4. Mcasure the mass of the graduared

3. Add 10 ml. of warer 1o the graduared ¥
cvlinder and 10 mil of warter.

cylinder. Remember when reading
the voalume, take the reading ar the a) Revord the measurement an
lowese part of the moniscus, as vosar losgs.

shaown an the diagram. -
L b)) Calculare the miass of the warter

and record this in vyour table.

7 5. Add another 10 ml. oo
the graduarcd cvlinder

] el and mcocasure the mass.
E Calculare the muass of

| B 20 ml. of warer.
; s i Repear this step for

| E | Bl W — 30 mil., 40 ml., SO mil.,
2 and so on up o 100 mil_
‘;5: _ —— a) Record all vyour
: mcasurcmonts anc

| calcularions in the

! S i tablc in your log.
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@mmmwm

6. Use the dara vou obrtaned. Use the procedure you used o find
) - the mass and corresponding volumes
e A enanahe GfWacer o devermine the siope of
the x-axis (horzontal axis) and this liquid’s mass/volume graph.
mas= on the y-axis (vernical axais). a) Record all your darta and
calculations in yvour Aclroe

b)) Asx the volume of the warter P istry log.

increascs, whar happens o the
mass® 5. Dispose of vour liguid sample as<
directed by your tecacher. Clean up

Sance the graph vou creared is a your work station.

scraighr hine {or close o a straigha
linc). vou should draw the best fic Part B: Mass and Volume of Solids
line through the data points. Do
not connect the points with small
scgments bur draw one line thar

1. Your teacher will provide you wath
three samples of rwo different solid

comes closcst to all of the marcrials.

individual pomnes. 2. As a group, decide on a procedure to
<) From your graph predicr the mass calculare the mass/volume rano and

of 55 ml. of warter. What would be slopes of the graph of cach marcernal.

the volume of 75 g of warer?
Predicting data from wirhin a
graph 1= called interpolanon.

d) An important attribute of a
straighr line graph s its slope.
How steep is the graph? Calculare
the slope of the graph vou plosoed.
Remember to calculate slope you
divide the “rise™ by the “run.™
What docs the “nise™ of the graph
represent? What does the “run™
roeproesentc?

<) Diviide the mass of cach samplc of
warer by the volume. Whart do you
notice about the relanonshap
berween the mass and the volume?

How does the slope of the graph
comparce 1o the values vou
calculared in rthis srep?

7. Your teacher will provide you with a
samplc of a Hqguad.




Activity S Mass and Volurme

You can consider using
cither method shown in
the diagrams on the
precoeding page and ar
right for mecasuring the
volume of cach solid.
Wollume of solids s usually
cxproesscd in cubac
centumcoters. One mallhilicer
1= cequivalene o one cubsac
contumeter

(1 mal. = 1 ¢m?)

a) Record vour proceduare
ey youar Acfrow
Chrerrrestry log. Be sure
o include whar

IMCASUrcITICNis Yor noeed o make, calculare df!t\ll}' h}' ll..‘l.\'l-dlllj.: the mass
whar equipment vou will need, of a sample of a marenal by the
whar 'C-.'l'-l:"l}' Proecauntiions Yol mLest volume.

use, and whar calculations vona

Mass (M)
have to do. z CFEET

Volume (V)

,/

Densaty (F2) =

- E . . -
When your teacher has approved a) Find the densitics of warter, the
your procedure, carry out youar other liquid, and the two solid
ACTIVICY. matcrials,

a) Carcfully record all your data. b} Compare your answers with

Ulse the darta you collected. another lab group.

a) Plor a muass versus volume praph
for cach solid. Plot both solids on
the same graph. 1. Your reacher will display a set of four

colored higuids thar floar on onc

another. The densities of cach of the

Ihiguid= were mecasured. The rop layver

has a density of 0.8 g/fmil.. The next

MFart C: Den=ity and Special Effeces

b)) How do the slopes for the two
=olids compare? Whach solid is
myore dense?

<} Use the rable in the Chem Talk laver has a density of 0.9 g/mil.. The
reading section 1o adentify the two following layer has a density of 1.1
samples of marerzals, efml_. The bortom laver has a densitwy

The mass of a unit voluame of a of 1.3 g/mlL.

martcrial is called it density. You a) Whar do vou nortice abour the

found the density of warer by densities of the liquids and their

calcularing the slope of the mass position in the displayv?

versus volume graph. You <an also




@ Buctive Chaemistry Mosie Spocial Effects

Z.

Your veacher will drop a pen barrel
of a density of abour 1.2 g/cm® into
the hquids.

a) What would you predicr wall
happen o the pen cap? Wirite vour
prodiction in your Acfree
Chemuisery log.

b)) Obscrve the movement of the pen
cap as yvyour teacher places it in the
hguid. Record vour obscrvanion

Placec the pen barrel in a beaker of
cthanol.

Next place the pen barrel in a beaker
of disnilled water.

Recturn the pen cap 1o the becaker of
cthanol. Slowly add disnlled warer ta
the cthanol antil the pen barrel
floars.

a) Before vou begin, predict whar

yvour think wiall happen in cach pars
of thas step. Give a reason for your
prediction.

DENSITY

Density as a Propercy of Matter

i you were to compare a2 | em? cube of iron to a | em? cube of
wood, you would probably say thar the iron is “heavier”™ Howewver, if
you compared a tree trunk o iron shavings, the uee vunk is
obviocously heavier. As you discovered in this activity. a “fair” comparison
of the “"heaviness™ of two marterials is a comparison of their densicties.
Density is the mass per unit volume of a marterial. In this activicy you
measured cthe of warter and other liquids.You found thar each
sample of the same ligquid had the same density and each differenc
liguid had its own characteristic densicy. You also found that each solid
material you investigated had its own characteristic density. Densicy
can be expressed in grams per milliliver (g/mlL) or grams per cubic
centimerer (g/cm?). The mable on the next page shows the densities of
some common liquids and solids.

You used the slope of the mass versus volume graph of a marterial o
calculare density. You also calculared density using the equartion:

Density (D) = v’;.:“mi“:%

try vour log.

3. You will now make a pen cap floar
in liquad.

Gerrity: the mats per unit
wolurmee of a muaeterisl

m'ﬂﬁﬂ_. .
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Activity 5 Mass and Volurme

Density and Flotation

In this activity you further
observed that materials with a
greaver density cthan a given liquid
wrill sink, and macerials wich less
density than a given liguid will
float In the column of colored
liquids, che ligquid with the highest
density was on the bottom, and
the liquid with the lowest densicy
was on the top. The pen barrel
sank in ethanol and floated in
water. VWhen you added ethanol to
the water you created jusce the
right denzity o have the pen
barrel floac within the liquid. This
position of floatng is where the
density of the pen barrel is equal
o the density of the ethanolwater.
The pen barrel “found™ the place
where the density of the liquid
was identical o the densicy of
the pen barreil.

Denst

ty (g/fem®)

0.12
0.66
0.69
0.79
0.92
distilled water 1.00
glycerol 1.26
magnesium 1.70
aluminum 2.70
iron 7.90
copper 890
nickel 8.590
silver 10.50
mercury i .E 50
gold 19.30

Ao tive Crharmesiry
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@m:mmhmm

CThemistry to Go.

Look ar the rable in the Chem Talk reading secrion. Use density to idenrify the
liquid and solid samples vou invesnigared in thais acrnivinw.

Calculare the density of a solid from the following dara:

Volume of warter 45.4 mlL (or cm?)
Volume of warter and solid 62.7 mL (or cm?)
Mass of solid 123.49 =

Derermine the density of a liguid from the following daga:
Mass of the graduared cvlinder 3359 ¢

Mass of the cylinder and lhiguid 40.14 g2

Volume of hquid 13.3 mlL

Methanol has a density of 0.79 g/ml.. How much would be the mass of
589 ml of methanol?

Copper has a density 8.920 gfem’®. What would be the volume of a 746 g sample
of copper?

In a well-known mowvie, there is a famous scene in which the hero ries o ourwi
the designers of a rrap by replacing a gold statue with a bag of sand of abour th
samc volume.

a) Given the density of gold is 19.3 g/ml and sand is 3.1 g/ml, docs this scem
like a scientifically reasonable plan?

b) In the movie, the hero grabs the gold srarue with one hand and appears o
handle it gquirte casily. Given thar the volume of the starue appears o be abou
one liter, whar would be the mass of the staruc?

<) A mass of 454 ¢ has a gravitational weight of abour 4.45 ™N (newrons) which
is= abour 1 lb. How many pounds would the staruec weigh?

d) One gallon of milk has a mass of 3.7 kg and a weight equivalent of
approximately 8 pounds. How many gallons of milk would be equivalent 1o
the gold staruc?

In cach of the following pairs, which has the grearer mass?
a) 1 kg lead or 1 kg feathers?

b) 1 LL gold or 1 L warter?

<) 1 L. copper or 1 L silver?

NSTA 5hanse




Activity 5 Mass and Volame

H. Which of the following has the greater volume:

ald 1 kg lead or 1 kg feathors?
bl 1 kg gold or 1 kg warer?

<) 1 kg copper or 1 kg silver?

9. Review the mecasurements you made for mass and volume. How cerrain were
your mcasurcments? If you were ro make the mecasurements again, could vou be

more cortain? Explain your answer

10, In calc I-l!-ltl"-}.'. Lll:'"'-lf_\ Vi divided the mass of the martcrial l“.' the volume.
Review the calculations yvou made. Adjust the accuracy of VOUT ANSWErs WSIng
the rule for division given in the Chem Talk reading scction.

Preparing for the Chapter Challenge

Desipn a special effect in which an

alnect 15 suspended in a hgud., Consider

the density of the marterial you will
suspend, and the density of the liguid

Inquiring Further

1. Is st real gold?

I'he new United Seates dollar coin has a
golden color. Could it be made of real
gold? Devise a method o determine if
the new golden comin s any of the meorals
in the list on page 39.

2. Density of gas

Devise an mvesnigation that vou could
do ro determine the density of air

O WEB
SEMINAR

you will use. Show the calculanions
thar you used 10 make vour choice of ‘

marcrnals,




A)
B)
C)
D)
E)

Poll Question

have heard of the 5 E instructional model.
use the 5 E instructional model in class.
have heard of the 7 E instructional model.
use the 7 E instructional model in class.
haven't heard of either model.

w WEB
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A recipe for inquiry

7/E Instructional model

e Engage

e Elicit

* Explore Evaluate
e Explain

 Elaborate

e Extend _
Enhancing the 5E model.:

The Science Teacher (9/03)

Available at
www.cosmic.umb.edu

NSUA sem
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The Pendulum Lab as 7E

 Engage — the longitude story

 Elicit — how does the grandfather clock
work

* Explore — investigate pendulum

* Explain
— students compare data, graphs, predictions
— Teacher helps with equation

NSTA 152
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The Pendulum Lab as 7E

e Elaborate

— How do you measure
the length?

« Extend
— The leaky pendulum

 Evaluate

— Elicit, engage, explore,
explain,elaborate,
extend

— AND a report, test,
quiz

Ll
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Why ABC (Activity Before Concept)
Experience

* EXxperience Is required — science Is

experiments

e Learn baseball without ever seeing the game
e Learn baseball without ever having equipment
 Knitting without instruction

* \Why do we think students can learn
science by watching?

w WEB
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Why ABC (Activity Before Concept)
Common Experience

e Television viewing habits of Black and
White Americans

e 10 top programs
— Only 2 programs in common

e What are the common programs?

e \What is the lesson?

— Every time | made a reference to television, |
was disenfranchising some group of students.

w WEB
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Why ABC (Activity Before Concept)
Common Experience

 There is no common experience
— TV, music, food, vacation, movies, travel, home

— Can someone imagine what a mango tastes like?

— TRADITIONAL BOOKS ARE FILLED WITH *You
know; Imagine”
e ... like waves at the ocean
o ...like a recipe for making brownie

— Examples from your teaching
— Examples from literature or movies

i WEB
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Examples from your teaching?

When have you mentioned something in
class only to find out somebody had no
Idea what you were talking about?

2)

3)

4)

Please raise your hand to volunteer! NSUA sEminarsg



A lab with inquiry

 Modify a lab to make it more consistent
with inquiry
— Describe lab as it is traditionally done.
— Describe lab as it's done with inquiry.

NSTA 225
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Goals for today

 Help us all to have a better sense
— Of what is inquiry
— Why we value inquiry
— How the 7E model and ABC can be recipes to
help guide your lessons to inquiry

ME“ WEB
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How did we do It today?

 Engage

e Elicit
The Kalila Factor

. -"

mﬁ. WEB
“\ SEMINARSg



How did we do It today?

e EXxplore

e EXxplain
— 7E Instructional model

NSUA sem
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How did we do It today?

e Elaborate
— 7E and Classroom Instructional Framework

 Extend
— State Performance Standards — Inquiry
— Habits of mind
— Modify a lab for more inquiry
— And for additional “extend” ...

W WEB
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| wish you “the courage for inquiry”

* Inquiry requires patience
e Patience requires courage

 Have the courage to pursue inquiry!

Mz- WEB
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We shall not cease from
exploration

And the end of all our
exploring

WIll be to arrive where
we started

And know the place for
the first time.

— T. S. Eliot (Little
Gidding V)

NSUA
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What Is Inquiry?
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What Is Inquiry?

You figure it out!
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Center of Science and Math In Context

COSMIC
. Please check out our P =
website: "

Www.cosmic.umb.edu

Or email with questions:
arthur.eisenkraft@umb.edu
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Thank you to the sponsor of
tonight's Web Seminar:

GE Foundation

This web seminar contains information about programs, products, and services

offered by third parties, as well as links to third-party websites. The presence of

a listing or such information does not constitute an endorsement by NSTA of a
particular company or organization, or its programs, products, or services.



¢ Feedback

* Help

Leamning Resources
& Opporfunities

Walcoma to Your Personalized Leaming Web Spa:al

Paul, youve already earmed Activity Points! |

Activity Prograss Bar

Education
Administirator

Hew: Discussion
Forums

Youve recently eamed: You're close to eaming:

£I. NSTA Resource Optimizer Onyx Commenter
B Add NSTA Resources iquestiong | It saves
Polar
Bears!
Be sure to r fi revie r poin !

Your Activity Matters |

=

N Online
Advisors
now
availablel

With these resources you can bulld your professional development plan, track your activities
and assess your progress. You can start at "Explore Learning Opportunities™ below or by

creating your game plan with the PD Plan and Porifolio tool. You may also review an archived
Web Seminar or a multimedia overview of the Leaming Center.

* Featured PD Resource

Science
BE ' Opiects

Explaining Matter with Elements,
Atoms, and Molecules

e -¢ LIVE SUPPORT
= ONLINE

Haours of Opecatinn

o

http://learningcenter.nsta.org
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