Work Sample & Commentary: The Challenger Disaster
High School Science

The task?"”

The task was in the form of an investigation in which students were asked to test the
hypothesis that the unusually cold temperatures at the time of the Space Shuttle Challenger
launch might have reduced the ability of O-Rings to expand and seal the Solid Fuel Booster
Rocket Field Joints. Students designed and performed experiments in research teams. The
students then prepared individual reports of their findings to the Challenger Commission as a
homework assignment.

Circumstances of performance
This sample of student work was produced under the following conditions:

\ alone in a group
in class \ as homework

\ with teacher feedback with peer feedback
timed \ opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards:*"

BElb Physical Sciences Concepts: Structure and properties of matter.

BEld Physical Sciences Concepts: Motion and forces.

BEl- Scientific Connections and Applications: Big ideas and unifying concepts.
BB Scientific Thinking: Identify and control variables.

BBlc Scientific Thinking: Identify problems.

BBl Scientific Thinking: Work individually and in teams.

B8c Scientific Tools and Technologies: Collect and analyze data.

BEd- Scientific Communication: Represent data in multiple ways.

BEb Scientific Communication: Argue from evidence.

B Scientific Communication: Communicate in a form suited to the purpose and the
audience.

B2 Scientific Investigation: A controlled experiment.

What the work shows

BlHb Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of structure and properties of matter....

(A) The student states that “...O-Rings when frozen or cold will react different. I feel they
won’t stretch properly...” indicating an understanding of how environmental conditions may
affect the physical properties of materials.

2 For related work on Force and Motion, see “Come Back Can”, page 60, and “Mechanical Nut”, page 188.
™ The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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Work Sample & Commentary: The Challenger Disaster
High School Science

Bl d Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of motion and forces,....

(B) The student designed an experiment in which increasing force was applied to the rubber
band. The student measured the change in length resulting from the increase in applied force.

BBl Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as...cause and effect.

(A) The student links the temperature effects on rubber elasticity with the failure of the O-
Rings to perform properly during the Challenger launch.

BBl Scientific Thinking: The student identifies and controls variables in
experimental...research.

(B) The student altered the independent variable (marble mass) in a systematic manner and
evaluated the dependent variable (rubber band length). “We then proceeded to add five
marbles at a time. ...we measured the stretch of the rubber band.”

(C) “The next day, we did the exact experiment with one change. The plastic bowl this time
didn’t have ice.” This clearly indicates understanding of the importance of altering only one
condition at a time.

BBl Scientific Thinking: The student identifies problems...evaluates the accuracy, design,
and outcomes of investigations.

(D) The student raises the duration of exposure to freezing temperatures as a possible
variable, and suggests extending the exposure time to determine if this has a significant effect
on elasticity.

BBIf Scientific Thinking: The student works individually and in teams to collect and share
information and ideas.

(E) The student indicates in the Procedure section that experiments were designed and
performed as a team, but the data analysis, graphing and report writing were done
individually.

B c Scientific Tools and Technologies: The student collects and analyzes data....

(F) The student indicates that experiments were repeated three times, and the results
averaged to obtain a more precise measurement.

(G) The student calculated a percent change in length to analyze the experimental results.

BB Scientific Communication: The student represents data and results in multiple ways,
such as numbers, tables and graphs....

(H) The student presented the raw, averaged and percent change in length data in table
forms.

(I) The student graphed the averaged data for the two experimental conditions (with and
without ice).

(J) The student graphed the percent change in length data for the two experimental
conditions.

(K) The student provided a drawing of the experimental setup to supplement her written
description of the equipment used.
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Work Sample & Commentary: The Challenger Disaster
High School Science

b Scientific Communication: The student argues from evidence....

(L) The student notes the change in elasticity as a result of cooling demonstrated by her data
and argues that this is consistent with her hypothesis that the Challenger O-Rings were unable
to perform properly on the day of the accident.

Bl Scientific Communication: The student demonstrates effective scientific
communication, that is the student communicates in a form suited to the purpose and the
audience....

The student work contains Introduction, Materials, Procedure, Results, and Discussion
sections, typical of a formal scientific report. This is appropriate to the assigned task of
reporting results to a Presidential Commission.

BBla Scientific Investigation: The student demonstrates scientific competence by completing
a controlled experiment.

(C) The experiment described in this procedure is properly designed to evaluate the effect of
temperature on elasticity. The same procedure was used for experiments at room and ice
temperatures.
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Work Sample & Commentary: The Challenger Disaster
High School Science

The Challenger Disaster
Tiatrecluetiin

The space shuitle Challenger expioded and was destroyed duning its lunch killing all aboard.
Many Factors combributed 1o this disaster, One enginser med 10 delay the lounch, He believad ihe
bemperature hisd been b cold overnight, There was frost on the: ground ard an the shaibe earier
i ihe morming. The project managers were not convinced that the sk overshadowed the
economis andd public relutions costs of delaying the lounch,

Everything wemt on as planned and they lnunched the mocket. A fes seconds bater, thie cobor of the
flame changed. The main hydrogen tank bad rugiured. The hydrogen was mow fueling in the
fMume. This imerse Nome caused the surt 1o completely separate. The boosier coubd now pivot
frecly. Thee afi dome of the bydrogen tank failed and dropped away, The remalning hydnogen was
suddenly nelensed producing a thrust that drove the resmaing of the hydmgen ank oo the oxyeen
tank. Al the same time he solied booster cvong arcund ond collided wiath the Baom al the oxygen
tank rupgiming il and releasing the comtained gis. The explosion that Felloswed wis massive,

o My prediction abou the cutcome of car experiment 1= that the O-rings shen fmogen or cold will
react different, | feel dhey won't stretch properdy amd may of cowsed this Challenger disaster,

Muterials
Bubsber bands (33 Serimg {1 fiy
Container (with icel Plastic cup
Paper clips Huler
Marbdes | 4

QO roci

The matenals above is what we used for owr experiment. Whai we did was punch two holes on
the side of the cup (opposite each side). Then we insered a paper clip ineoch hole. We conneciesd
each paper clip on both side poomake 5 handle. The third paper clip was inped on the 1op side of the
container. 'We then attached the mibber bamsd fo the paper clip and t#ad the string around the mibbers
bancl. With the other cmd of the string we tied it 10 the paper clip thar wene on the cup. So now the
cup s haiging froa the coslasie.

Q W then proceeded o add five marbles o tbe cup at a Gme.. Bach dme we dropped five marbles
mbs the cup we measuned the length ol the mbber band. We did this six times, becoose we had
thirty marhdes. We did the whole experiment three times 1o 02 1 there was any difference any o
time. Afler this we ovenged msl measurements and gol a precise average. We abso caleulaled the
% change i length smce the nuhber bands stared ot differemt lengths,

The nest day we did the some expet experiment with one chanpge. The plastic bow] this time digdn’
hove jce. 'We did this (o see if there was a difference in the measurements which would allow us
i predict what wend wrong om the Challenger,

Then 1 graphed our length and % change in length data,

© 0
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Work Sample & Commentary: The Challenger Disaster
High School Science

372

Disgussion

AR VoW Can see i oour e anel data charts there wiis i :-'I|pj11 |.'I'1:|n|!|:¢ i messurements between
ihe experiment with the ice o the experiment without ke, The experiment with ice, the mubsber
bund streiched ek, So Pm figuriog that on the space shuitle Chalbenger disaster, ihe O-rings
might of stretched less than usual and might of cowsed this disaster,

Anoilher way e im'-:tdll.mlc this |1mhl-|_:m % ]-I:II-".'I.I'I.'F the mubberband over might over the bowld of e
Since the Challenger in the moming was found froeen, so this could of happened in the night. In
aur experiment we didn'l heave tie rubber Bands long enough on the see 1o see il there's a real big

difference, IF we i this there might be o greater change in our measurements

This propect on the Challenger Dhsaster was a greal leoming expenience amd il was fun whale |

leamed. The challenger dissster wias a hirible accident that mayhbe can be avoidil. 1'mthankful
oy elassamates amd | can be helpll.

@ TABLE 1. Rubber Band Stretch Without Tee

#of Marbles | Firest Test | Seoond Test | Third Test Average Percent
_ Chamge
| 7.2 em T4 em 7.4 em 7.3 em 0%

10 Hb 7.8 1.8 7.4 #

15 B5 B2 Hd 5. 15

il (] HH ] ) 5. 21

&5 9.8 9.0 93 ?_ﬂ =7

el Lih, i 9.5 i 8.7 33

TABLE 2. Rubber Band Streich With lee

# of Murhles First Test Secoml] Test | Third Tesd Average Percent
Chamge
5 7.5 em 7.5 emi R em 1.7 cmi %
1 RS K. Hoh B.2 .5
15 b Q.0 H5 HH 14
H p] 9.0 B [l 4
15 b . b Ll v
3 0.5 0.5 hii LK £l
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Work Sample & Commentary: The Challenger Disaster
High School Science

o FIGURE |

Change o O-Ring Lengih ot Different Tem peralures

-Aing Lengih

—d—Mii bpe = cB

Forca (8 of Marmdcs)

0 FIGURE 2

W Change of O-Hing Length at Diferent Tempe miunes

Ya CRanges in Lenglh

#— Mo lom —8— ke Foran (8 of Maribes)
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Work Sample & Commentary: The Challenger Disaster
High School Science
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Work Sample & Commentary: Buffer Lab
High School Science

The task*®

Students in a high school environmental science class were asked to compare an unbuffered
solution with a buffered solution by using the technique of titration. This assignment was one
of the lab activities in a unit on acid rain.

Circumstances of performance
This sample of student work was produced under the following conditions:

alone \ in a group

V' in class v as homework
with teacher feedback with peer feedback
timed opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards:*"

Bilc Physical Sciences Concepts: Chemical reactions.
B2 Scientific Connections and Applications: Big ideas and unifying concepts.
BElb Scientific Connections and Applications: The designed world.

BBl- Scientific Thinking: Frame questions to distinguish cause and effect; identify or control
variables in experimental or non-experimental research settings.

BBb Scientific Thinking: Use concepts from Science Standards 1-4.
B2 Scientific Tools and Technologies: Use technologies and tools.
B> Scientific Communication: Represent data and results in multiple ways.

BEb Scientific Communication: Use facts to support conclusions.

What the work shows

Bl c Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of chemical reactions, such as everyday examples of chemical reactions.

(A) (B) The student expresses understanding of the nature of chemical reactions in the concise
explanations of the effects of buffers on ions.

(A) The student’s explanation of why calcium carbonate is not a good buffer demonstrates an
understanding of the role of ionic dissociation in a subsequent chemical reaction.

® For related work on Acids and Bases, see “Acid/Base”, page 70, and “Acid Rain”, page 198.
? The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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Work Sample & Commentary: Buffer Lab
High School Science

BBl Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as...cause and effect.

(B) The student explicitly states that increasing the proportion of Na,HPO, (sodium
phosphate) in relation to the acid will result in the release of more ions.

Throughout the answer to question 1 and especially at (D), the student expresses the results
of the investigation as causal relationships.

(E) In the answer to question 2, the student clearly states the chemical cause behind the
sudden change in the pH data.

BBIb Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of the designed world, such as the reasonableness of
technological designs.

(F) Throughout the answer to question 6, the student logically and correctly identifies
scientific limitations to the use of lime in neutralizing an acidic lake. The student’s statements
are actually conclusions based on the outcome of the investigation.

(G) At the end of the answer to question 6, the student describes a fundamental societal
limitation—economic—on large-scale use of lime to neutralize an acidic lake.

BBl Scientific Thinking: The student...identifies variables in experimental and non-
experimental research settings.

(B) The student correctly identifies the proportion of Na,HPO, as the variable that determines
its capacity to absorb acid.

(H) The student correctly identifies the addition of lime as a variable that will increase pH,
and states that the addition of other acids—another variable—will lower the pH.

(I) The student notes the simultaneous effects of two variables in this statement.

BBIb Scientific Thinking: The student uses concepts from Science Standards 1 to 4 to explain
a variety of observations and phenomena.

(]J) The student uses understanding of [llc, specifically ionization and buffering, to explain the
phenomena observed.

(K) The student applies understanding of Bllc to a new situation in the suggestion that
biological (“organic”) inhabitants of a lake may excrete basic substances, and that
introduction of such species into a damaged lake might provide natural buffering.

B8 Scientific Tools and Technologies: The student uses technology and tools...to observe
and measure...with appropriate consideration of accuracy and precision.

(L) The student’s collection of data demonstrates competence in using lab equipment (pH
meter and equipment for titration) and the ability to observe and accurately measure
phenomena. The student demonstrated appropriate consideration of accuracy and precision
by recording consistent significant figures.

B2 Scientific Communication: The student represents data in multiple ways, such as tables
and graphs...and selects the most effective way to convey the scientific information.

(L) (M) The student’s data are expressed in both table and graph forms. The graph organizes
data from the table so that a viewer can instantly compare the buffering abilities of sodium
phosphate and water.
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Work Sample & Commentary: Buffer Lab
High School Science

b Scientific Tools and Technologies: The student uses technology and tools...to observe
and measure...with appropriate consideration of accuracy and precision.

(J) The answer to question #3 indicates the student’s ability to argue from evidence. The
decision that water is not a good buffer is based on data produced through experimentation.

Spelling errors present in this work do not detract from the quality of the science.

Following are the lab questions answered by the student:

1.

Examine your graph for the titration of sodium phosphate. Explain the shape of the
three parts of the curve.

2. Explain why below pH 6 the curve drops off sharply.

. Compare the titration curves obtained for water and for sodium phosphate. Explain

the difference.

4. How could we increase the capacity of our sodium phosphate solution to absorb acid?

. Calcium carbonate is not particularly soluble in water (very little of it will dissolve in

water). What problem does this present.

. “Lime” is actually calcium hydroxide [Ca(OH),]. Why is trying to neutralize an acidic

lake using lime not a good idea?

7. Give a better strategy for neutralizing the waters of an acidic lake.

. Predict the contents of commercial preparations used to increase the pH of fish tanks.

Why is the method of increasing pH in the fish tank critical?
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Work Sample & Commentary: Buffer Lab

High School Science
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Work Sample & Commentary: Buffer Lab
High School Science

Lab Questions:

r:__c.l The gruph For the Htration of sodium
phosphate has four areas made vpof froo
keu features. As lobeled on thu gruph,
seetion @ s e:]!le'[.r'fuﬁ-'rlf;,. This shows that
fh, buffer is umrfc-m_r;r an Tthe (ons +o boffer (A
I'_.'hl[rﬂ. _S-Ll:”.'.ll‘l =] 13 l-l:‘yr::!- and 13 the -r_.-l;-'|i:r|ufr'|
bubfering ranae f[;| thiy butfer Sedfion
Q @J i .:.L_‘.I%fp d¥crease berawse the buffer can
no longer suppert that amooat of e o 3 of
acid, Finally, section @) is Llevel which sheon
that the boffer s L,ul:.llung €LE ol 1,
O @ The reasen that thye LLHV‘EJ clrops of
_'31"-L'J.rpll}|f beloua pH & i3 beeauie Fhe HuofEer
is desiagned +o [-'r_!:[:u bl |i:~||-'l constont ot a |f1“|
ol @], L'\?hr_f". the Limit on thy boffer @#ofdropy)
i3 reached, f can no longer maintain the
censtant, and i1 p.'ummrhf?g
O C The weve for sedium phosphate and thed
for water are very different, The water
a,Ffm;g bo not be a dicent buffer atall
un LESS }wui,-:_l-:{ﬂf apH of 1, The Sodium
AT L f-ﬁ_._T_.__._-,_-_'[,'-',.!!_'_"._Bj‘.!_._\'}.’Ej';;t__z,-..m_.f:',ﬂ_._,r_-h -'-’“rfll;th.\l‘.{ n E&-Ud ]\"l.ﬂfw,'f.!u ﬁ{“{ﬁ"di :r*nI"“" T
perse whth treas c Fobu) QU decent infers
: —=bvtfering. =
& A e e S
1'ﬁ'}=ﬁbﬁ[::7h§,ﬁ12'f.‘3;1|
Srapart lan 6f My HPTL 4o nerease bhy
.uilr moke aveiloble maore 1ons oade  (his
AT SRl aTs BYNTE E-.Jf. E Lk rJE__IEI,‘L;{lL:,ELl__;"I?_I_-_l[EFLL.__r_ utr e

Bhu ocuels, —

R capacity ol oo Sod fum

W@ o= Frmi sy orks giidt St y

New Standards Performance Standards
New York City Science—First Edition 379



Work Sample & Commentary: Buffer Lab
High School Science

PButfer Lob
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High School Science

Work Sample & Commentary: Buffer Lab
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

The task

Students were asked to conduct a simple experiment in which they recorded temperature
changes that accompany the melting and boiling of a pure substance. This assignment was
given to students in a Science Research class.

Circumstances of performance
These samples of student work were produced under the following conditions:

\ alone \ in a group
V' in class v as homework
with teacher feedback with peer feedback
V' timed opportunity for revision

These work samples illustrate standard-setting performances for the following parts of the
standards:*"'

BElb Physical Sciences Concepts: Structure and properties of matter.

Bilc Physical Sciences Concepts: Conservation of energy and increase in disorder.
B2 Scientific Connections and Applications: Big ideas and unifying concepts.
BBb Scientific Thinking: Use concepts from Science Standards 1-4.

B8- Scientific Tools and Technologies: Use technologies and tools.

B8c Scientific Tools and Technology: Recognize and limit sources of bias in data.

BEd- Scientific Communication: Represent data and results in multiple ways.

What the work shows

b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of structure and properties of matter, such as...characteristics of phase
changes.

(A) The student describes the observed process in terms of phase change characteristics.
(B) (C) The student describes changes in temperature in terms of molecular interactions.

(D) The student’s hypothesis clearly relates phase change and energy.

Bllc Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of conservation of energy and increase in disorder, such as kinetic and
potential energy...and effects of heat and pressure.

(A) (F) The student describes how a transfer of energy causes a phase change.
(D) The student describes the effects of heat in relative terms.

(E) The student demonstrates understanding of the relationship between kinetic energy, heat,
and temperature.

" The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

BBl Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as...cause and effect.

(C) (G) (H) The student demonstrates understanding of cause and effect relationships
between change of temperature and change in state of matter.

BBIb Scientific Thinking: The student uses concepts from Science Standards 1 to 4 to explain
a variety of observations and phenomena.

(I) The student uses the concept of phase change to explain constant temperature during the
observation.

(J) The student compares the liquid and gaseous phases of water in terms of relative
molecular organization and motion.

B2 Scientific Tools and Technology: The student uses technology and tools (such as
traditional laboratory equipment...) to observe and measure...phenomena, directly...with
appropriate considerations of accuracy and precision.

(K) (L) (M) The student uses various pieces of laboratory equipment to observe and measure
the effects of heat.

Blc Scientific Tools and Technology: The student recognizes and limits sources of bias in
data, such as observer and sample biases.

(N) The student indicates that calibration of the thermometer is needed in order to get an
accurate temperature reading.

BBl Scientific Communication: The student represents data and results in multiple ways,
such as numbers, tables and graphs; [and] technical...writing; and selects the most effective
way to convey the scientific information.

(A) (B) (D) (F) (G) (H) These items and others indicate the student’s ability to convey
information through technical writing. It should be noted that errors in Sample 1 should be
corrected in a revision. In item 2a, for example “liquid to gas” should be corrected to “solid
to liquid.” In item 4a, the water molecules are most definitely in motion at 100 degrees
Celsius. The student’s logic is correct in 4a, but the statement regarding molecular motion
indicates a misconception that needs to be corrected.

(M) (O) The student records data in tables.
(P) (Q) The student uses a graph to represent the data recorded in the tables.
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 1
Bio-Seenc: Reseandy
Lt ratery
Esupenomento, Tempermiues v Cambios de Estudos (Cambics de Fases)
Procafmmicmoe
o | Pomsg un termomeirs en ol envase de 250 ml que comengs ngua v hielo. Empicza a somar ¢l empo
v ohsena ol cambin de iemperiura cada mameo mignirns e astiniamene - Asopa e de

asaar la temperbern ded hielo solamame. Desarolle un mbla v pongn. o o informamon o se
tabln de darlon
Tiempo {menmios ) Temperaturi

(Cembgradog)

A inEiige =71 Ceitigrados
T -5 Centigrados
2 mifnuti= -3 Cemiprados
3 iminulios -2 Crentigrados
A iinutos =100 Centiprados
5 minutoes 0] Centipradios

o 0 Por qué es importante revedver constantemente?
Fx impostante maniener una ritmo constante ooando estamos rovalviendo porquu e cas go |a
rlll.'l::l;l gt il sslemo inerements lncyilablemenie geto cauea la lespernhies del simtenn suba

Com la emperatua del hielo o8 baja, necesita mucho calor pam que seha de lemperasium v cambic G
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Work Sample & Commentary: Heating Curve of a Substance

High School Science

Sample 1 (cont.)

Tiempo (mimukis)

1} ko
[TRTETIT ]
2 minulos
3 minuios
4 minutos

5 mrinulos

fames

o estado. La tempemium de en hicko completamente sofido o de zero grdos contigrados. Comao las
mleoalns del hiely csthn tun juning ¥ sen casi naverie, se Becesas mis cncrgis pam quo la
femperalura cambie, La trassfoencia e enerpia a una emperatura comslanic de sero grados

o centigmdos ssgnifico que el cube de hiclo ety pasando por un cambio do fase. Despoes que ol hiclo

=0 baya doretidoe compleiamenie su iemperiom comsenza a sshir

I Comumas chezrvands v ssota la temperatun o imonalos de un minms por cineo mimsstos

Temperaturn
(Centigrados)

(0] Centipradis
0| Centigrados
1 Centigradas
1 Centigrados

5L Centigrados

=

{1 Centigrados

. [heseribo by cambins de estado {fxses) gue oommenon
Purnnte [a lemperatur constanie de zero grados contigrados of cube de hiclo paso
port cambis de fse. La sshstancia cambic de sidido a ligoide. Despoes gue ke cambiadn
complenmente de liguido g gas, la temperaurn comenza o subir 5 un grsdo centigracde. La

omergia cinefica aumenta la tempersura haciendo qoe e elo pasara por los cambios de
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 1 (cont.)

M)

1 Ponga un emvase oo ung bomalls v continuo absemandn v anotanda coils minuco

Tiempo {minulos) Temperaiirs

[Centigracos )

C mimrio i {'L"lltlgl:‘&d:lh

1 mimrn 14l Centigrados
I minios 31 Centlgrados
1 minusios 534 {‘-.-ntij_.'mi]-::é
4 mimaios T Centigrados
5 mimuatos B30 Centlprados
& minuiog o | Centi predos
7 mimubis L] Centiprados
B minulos S| Centl prados

4 Upniemsss midiendo a lempombers cads mints hasta que eomsienze o Bervic vigumsamenio

Tiempo [minwtos| lemperalurs

{Centigrados)

£} mimiiae 10HE [ 0 'unllgr.l.dl.lr:
| mvimuito 100N | Centigradios
2 ininubos 100 1 Centigrados
R IHTT TN EES 100 Clent gralaos
A minutos 10X 1 entiprados
5 immubos | 3 I  entiprados
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Sample 1 (cont.)

& mrmuios L0 | Centigrados

a.  Dyseribe los cambios de estado {fases) que ooameron

Durssie I remperabum corsame & clen grados cesrigrades 1s subsinnes paso por s cambio de

fase. Esdo o wviduncia de energia polencial porges fas mokiculas ne estan e omovmionto. Dogmcs

e ks bBeiades complei & liquidi b eemperatumn commenzo o sahir 1] grades

penbprdos. Duwrmnie o mcememdo la oesrpia es cindlica

5 Hag s prifics wissds b slorineshn de bis tablia
n. D aciserdo con In corve de calor cunl s el pumo de fsion del hieda?

D acuserdo oo In curva de calor que vo margus, ¢l punio de fashdm ded hielo es zero prades
cemiprados.

b e puirones ohserste on by grosfos?
El orden quee yo observe en la corva de calor es que cusando el solide esta cambiando a
liquidn In femperniurn 52 conseren constanie & cero grades centigrados. Despees de gue el hicle
by cambrisdn evenp|mement i llguida | temperaniee sohid. Dumanke e mmbio de fhse o
EABOETATIND penmdssic condinme. [espuds que todo el lgusdo s ha eonvetido o [ Ini lEmper e
suhid

e G Doom pestificas la horma de b corva deocabor’!
La Rorma de la urva de callor g3 camsasda por o cambio de femperber v G

i Camo ha afectado el trempo cada seccwn do tu grafica’

El o ha alectado la curva die calor porgue en alzgenas secciones 10m mias empo
para cambiar de fase. En la cirva de calor tomo mas tempo gue la gratica cambaiars a de
ligmide & gas que cambiani a sidido a lguide. Tomd mis tiempo porgue toma mas canisdnd
e enerpin de calor para conshiar de liquido a gas
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Sample 1 (cont.)

DOMCLLSIONES
I %i fuems o replacor este poperimento con aleabal en ver de agua | gue cansbsas sucederian?
51 este experimente se duplicarn pero en ver de agua fuera hecho con aleolol of punie de
fusicn v el punte de congelacian seria diferente. El aboohol necesitn menos energin de calor
Q pua evaporarse v lemitisse
2 asandoic on tus resulatdos de la curve de cabor del Apias, dicTd i ok peninendo e jiskibegus T
[T E A
Coneenos ¢l expenmento colpcande gl iermdmegno g un enivasg de TM¥ImL gue defsg canjeng
un gk dle aleohol Chserve v apuntc cada cambéo de lemperatura al mismo bempo qoe osta
revnlveendo ke sobsinncin. Asegirass de masbeser un mme sonsmnne amndo i revalviendo gl
aleohnl Hevalviendno ¢l skl ikzemena s lomperstura del ssgoma v bacs que ol s=iema cambig
die fase mas mipido. Aowerdese de spontsr b temperaner del cobo de sloskal splamenne. Deaseolle
urt ahla de nforesacion v apunte o tempo ¥ B temperaism del alcohol =2 que of aloobal lege o
[HiE e l'llﬁll'ﬂq.l.' ea=1 17 prades cemprachn, Castime ofmorvanda v apuntodo B lempemba por
cingo minukos, Posgg el emvase en un plale calioste v contimse chservando v apuntando hastn gue el
bt lepe a s pure de cbullicim, gque e T grdos. centigrados. Despues conbissss a ohsenar la
lempurben hasta gee ol s heerva vigoneamente, Ceusdo npeaba o espenments, o s 1s

i i o L3 ik mﬁﬂnﬂi:l:
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Sample 1 (cont.)
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 1 translation

ho=-Scicnce Rescarch
Lalssalory

Experiment: Tempsraturg and Change Staie {Phese Change]

Pececilire Ansyveers

c 1. Mace n thormometer o a 250ml, beker conialnisg sco and water, Sart aming and chssrving
icmpezaiurs change each minute while stirring comtinucusly. Be suee s record the tempemiure of the

ICE anly. Develop a char, asd then rocond the time and tempemivre on a data mble

Teme [ mdrmes) Temperaiure
(Celsins)
0 min, <0 Celsius
I mia =501 Celsias
2 min =300 Celeias
3 mun, =30 Celsms
4 min. <1 Celdsms
% min 1 elsius

0 n 'Why is it imponant to maistain o Girly constanst rage of stanng™
It is immporiant (o koep a comslan rae of slaring bocuse this causss the Kinetic energy of tho system
tir incrense, Incyimbalivy, this camses the temperatare af the system 1o nse. Sinee the lemperatie of
the doe is very low i needs o lot of huat @ o rigs in iemperabss iy change s strie. The bemperature G

af a completely salil e o always below 2o degress. Sance the modeoales ol the e ane as ogh
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Sample 1 translation (cont.)

togethier maore enerpy i needed to maelt the e, Moo kinetse anengy o necded and il @ why the

o .......... [P s Thes Fem oo el FraiaPanl sern terameemiiene menng thai the blnck &
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Work Sample & Commentary: Heating Curve of a Substance
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Sample 1 translation (cont.)

(M)

1 Phce the bealor ona hot plate and continoe to observe 2nd recond ol ome-minsio mmorvals

Timwe {man b Temperature
(Celsmes)y

0 man. 81 Celsius
| min 147 Celsuas
2 min 310 Celsaas
3 min 52U Celsiag
4 min T Celsnes
5 mun. B2l Celiaus
f5 i 900 Celsius
T mii. 9] Celsiua
TR 96 | Lelsius

4, Conless o meuuree the emnperalurs each memeic @il vipoross boileng occurs

Time (imim. ] Tempersiure
(Celsias)
01 min, I Celsius
I min, B Celsies
I min IO Celsius
3 min, 1007 Celsius
A min 102 ] Celsius
5 min | 030 Celsis
i min 1040 Celsins
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Work Sample & Commentary: Heating Curve of a Substance
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Sample 1 translation (cont.)

LU 19 BE |FUELE RElIP ey snal T urs x L L
stanl senaprature of |1 degrees Celsius the liguid seddorwent & phase clasge. This i Dhuring the coy
iciilial ey b e idgculey sic il bn Ewivaieil, Albs i lod coiijakely evidence ol pg
facpail ko gas. the bemperatan: bogan to s o 100 degroes Colsing Darng the charged fram
ergy (s kanetie imcrensi the o
np curve of veator from the daga bl 5. Cirapd the hoaif
b heating curve you plothed, shint is the melting point of the jee? a According fo
ke hemting curve T've plotied, the melting paist af the ice is 0 dogrees Calanis According fo
s vom ohacree walh your haaleng curee graph ' b, Whal pamerms
that §oheenee in ma hearisg cusrve graph is thae when the ice is changing imo The piter
perature af the lquid increased, During the phase change the iempermure Theyvidd 1I'u:':|.:]
it Afer the lguid has cosverad o o gaa the temperatuse beging o rise RTINS ¢
Bl
el Bt ilic ahape of the bemting curve? & Hiow do vom
bl 1B healing cerve b aceounied by e Facl the there = chanpe in lemperabare s This: shispé o
phase.
fFexin soction on your graph? . Fhoow b bime o
jiTeot section of my hesting curve graph becmuise in somo sections of the Tiiro has
it 100k longer time t change phage  In the heating curve graph o ook & histEng o
bt L praph to change from liquid fo gas than it ook o chenee from solsl o longer tme h
keger becnwse i tnkes § greater ameaint of hest enerpy to change from ligueid Figuid. B oo
i g
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 1 translation (cont.)

COMNCLUSIONS;

I I you wore 1o roplicate this ooperiment with aleohad in plooe of water, what dhanges you kappun™
HYMOTHESIS:
IT ks experiment were o bo roplicsied but nssesd of water the experiment was done with
ookl the melting poimt and reezing point the experinsent would be differemt. Ao

Q heohal requires less Beal enengy to melt and evaporale than wator..

d

Faserl o verst ils ssrad rennls o Hesting Cerve of Waler, desips an expernmest thal will justify
vour hypothesis

Flace o dermometer imea 230ml besker oontsaning 8 solid block of nleohol. Stan tming and
phszrving emperatun and spesd up ths phase chanpes.  Be =ang 1o recoed (B [emperatung of The
bleck of aleshol only, Develop a cha, and then record the tessperniure os a data mble for te
abcohod uniil the aleohol neachvs it melting point of =117 degrees Colsiue. Confimse o ohsorve and
reamd the Besperaiuns al onc-mimily isbervals For five minutes. Pl the besker on a hol plate gnd
continue fo ohservo and record 22 one- mimste imorvals i) the aloobol readhes: ifs boiling poms of
T4 degrees Celsius Then coniiswe b mensure the temperabuie cach minute wntil vigoross boiding

aceurs. Adber e experimsni 15 oomplolod graph the heateng ours for alcshal
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High School Science

Sample 1 translation (cont.)

©

Mt jiay Do 9g ok | Wit
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 2
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 2 (cont.)
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 2

398

(cont.)
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 2 (cont.)

Tomed plund g
CTO Gl (P i,

—t————
/ gljf:ﬂur (FFTTIT] |
B G g L e HE D
'—.TH-EIII;:'?.,-{-L-I'-'I'—

£ whagycer C°

%] o
2AE ARRLT

MEEFBREF

T faed haﬁmﬁ’fdl;‘pﬂ?
RGN R B

Moy
-‘*q.\_‘_\\“
=y

W Al JL
| 234 5 &7 Y 94 /3 N5 L7 NGO T 2

'E'fm K Aottt o

New Standards Performance Standards
New York City Science—First Edition 399



Work Sample & Commentary: Heating Curve of a Substance
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Sample 2 translation
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Work Sample & Commentary: Heating Curve of a Substance
High School Science

Sample 2 translation (cont.)
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Sample 2 translation (cont.)
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Sample 2 translation (cont.)
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

The task

This experiment was a modification of an experiment in the text Chemistry: Visualizing
Matter (Holt, Rhinehart & Winston). In this activity, students were asked to design an
experiment to prove whether a worker’s claim that he was burned by a mixture two cleaning
fluids was true. This assignment was given to a Regent chemistry class.

Circumstances of performance
This sample of student work was produced under the following conditions:

\ alone \ in a group

V' in class \ as homework

\ with teacher feedback with peer feedback

V' timed ' opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards:*"?

BElc Physical Sciences Concepts: Chemical reactions.
BE- Scientific Connections and Applications: Big ideas and unifying concepts.

BBl= Scientific Thinking: Frame questions to distinguish cause and effect; identify and
control variables.

BBIb Scientific Thinking: Use concepts from Science Standards 1-4.
B8- Scientific Tools and Technologies: Use technologies and tools.

BEd= Scientific Communication: Represent data and results in multiple ways.

What the work shows

Bl c Physical Sciences Concepts: The student produces evidence that demonstrates an
understanding of chemical reactions such as every day examples of chemical reactions....
(A) In the statement of purpose the student states that the reaction between sodium
hydroxide(NaOH) and hydrochloric acid(HCI) involved heat change.

(B) This understanding is also expressed in the hypothesis, which states that the mixture will
produce sufficient heat to cause a burn.

BBl Scientific Connections and Applications: The student produces evidence that
demonstrates understanding of big ideas and unifying concepts, such as...cause and effect.

(C) The question clearly indicates that the student is looking for a cause and effect
relationship.

(D) The student determined that the mixture could cause a burn because of the heat
generated during the reaction.

(E) The student states that the concentration of sodium hydroxide remaining unreacted was
too small to cause a chemical burn.

2 The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

BB Scientific Thinking: The student frames questions to distinguish cause and effect; and
identifies and controls variables in experimental and non-experimental research settings.

(C) The student frames the question appropriately.

(F) A review of the formulae in the “Analysis and Interpretation of Results” makes it very
clear that the student identified and controlled variables, both in the experiment itself and in
the follow-up analysis.

BEIb Scientific Thinking: The student uses concepts from Science Standards 1 to 4 to explain
a variety of observations and phenomena.

(F) Throughout the “Analysis and Interpretation of Results” the student uses physical science
concepts from [llc expressed as formulae.

(G) The student expresses concepts from [fl|c in the “Related Background Information”
section, and used them to develop the hypothesis.

B8 Scientific Tools and Technologies: The student uses technology and tools (such as
traditional laboratory equipment...) to observe and measure objects...and phenomena,
directly, indirectly, and remotely, with appropriate consideration of accuracy and precision.

(H) (I) The materials list and the “Experimental Procedure” section make it clear that the
student used a graduated cylinder, a calorimeter, and a Celsius thermometer.

BB Scientific Communication: The student represents data and results in multiple ways,
such as numbers [and] tables...and selects the most effective way to convey scientific
information.

(F) Throughout the “Analysis and Interpretation of Results” section, the student conveys
scientific information through the use of formulae.

(J) (K) The student records data in a table format.
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Chemistry
1720099

The purpose of this experiment is to determine the heat of the reaction
between Hydrochloric Acid, and Sodium Hydroxide,

Q [ will also determine the maximum emperaere attained by mixing the two
substances, and use the information to answer the main question: Does the
mixture produce a sufficient amount of heat to cause a bumn?

O Hupothesis
The mixture will produce sufficient heat fo cause a burm, When
some chemicals are mixed they are more dangerous because, they release
large amounts of heat.

= All chemical changes involve energy. The encrgy change that takes place
during a chemical change, generally are more noticeable than those taking
place during a physical change.

= In some chemical reactions the products have |gss potential energy than the
reactants. This occurs because, as the reactions proceeds the potential encrgy
of the reaction decreases. This decrease occurs because some of the potential
energy is converted (changed) to heat energy. This release of heat energy
causes the substances to become hot.

= Chemical reactions thal release heal energy are called exothermic. The
reverse of this process would be an endothermic reaction.

FPage 1
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

Methods & Data Procedure

Q@ Muterials
2 grams of sodium hydroxide pellels
0.50 M of hydrochloric acid (100mL)
graduated cyvlinder
calorimeter
Celsius thermometer
stirring rod
glowves
Boggles
spatula
walch glass

@ Experimental Procedure:

atep 1 - | measured 100 mL or .50 M of HCI in a graduated cylinder. |
poured the HCl in a Styrofoam cup in the calorimeter. Next, | recorded the
temperature of the HCI solution to the nearest 0,1 *C

Step 2 - | measured the mass of a small dry beaker, and recorded it in mv
data table. Then | placed the pellets of sodium hydroxide in the beaker, and
measured the mass of the sodium hydroxide ( this was done quickly to
prevent the absorption of moisture by the pellets).

Step 3 - 1 added the sodium hydroxide to the hydrochloric acid in the
Styrofoam cup. | stirred the mixture and covered the lid of the calorimeter,
Mext, | measured, and recorded the highest temperature in the data table.

Besulis: Diata Table |
o Initial temperature of | Final Temperature of | Temperature Change
HCI HCl
20°C iC 12°C

Page 2
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

[rata Table 2
G Mass of empty beaker 22.5 prams
Mass of beaker & NaOH 24.5 grams
Mass of MaOH 2.0 grams=

o Analysis and Interpretation of Results:
1- Equation in the reaction:

HCI ,,, + NaOH ,, — NaCl , + H,0,,

2- Calculations:
Objective 1- To determine the heat released by the reaction, by using the
Formula.
Heal= mx At x C
m = mass of water
il = temperature change
C pmo = specific heat capacity of HiO
A=12°C
Cppo =41801g"C
m = 1 ({0 grams
Heat = 100g x 12°¢ x 4.180 _I_ = 5021 Joules
g°e = 5.021 K. Joules

Objective 2 - To calculate the number of moles of NaOH in the selution
used in the reaction.

Page 3
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

40 grams of NaOH = 1 mole of NaDH

I mole of NaOH x
40 grpfns H

0.05 mole of MaOH
5 x 10F mole NaOH

2.0 grams of MaOH

Ohbjective 3- To determine the amount of heat produced by the 1 mole of
MaOH:

Since 5.0 x 107 moles of NaOH produced 5.027 KJ
| mole Of NaOH produced Jﬂﬂ_ﬂﬁﬂﬂlﬁﬂ_
50 x 107 Esan?DH
= =101 El/mole

* Since the reaction is exothermic, the change in energy has & negative sign.

1- What | know about the drain cleaner.
{A) The labeled drain cleaner was estimated to contain 55 grams of NaOH in

the drain cleaner, and 450 mL of solution containing a total of 1.35 moles of
HCL

What | know about bumns.

{A) Third degree bums can occur if the skin comes in contact for more than 4
seconds with water that is hotter than 60 °C { 140 °F ).

Page 4
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

3- What | want to know,

G {A) Could the mixture of NaOH and HCl produce enough heat to cause
burns?

To answer this question, T need to find out how much heat was released
when 55 grams of NaOH react with HCIL.

Mumber of moles of MaOH in the cleaner
=54 y
of %ﬁ 40 g;?d’m ﬁ N%H
= 375 moles of NaOH in the mixture.

Amount of heat produced when 1.375 moles react with HCl:

AH =137Smolet  x 101EJ
of WaOH 1#91’}-‘36}1
- 139Kl

Mext | need to find out the temperature change resulting from the reaction.
By using the formula:

Heat = mass of water x Mpn X Cpn

At= 139000 Jouk LoC
e uug:yﬁsufl{zﬂf 4.184 Joufes

Finultnmpﬂ'ﬂ!ur:ufmnmimlr:=§,;$+?¢1f‘ pace ¢
B age
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Work Sample & Commentary: Exothermic/Endothermic Reactions
High School Science

3- What | lcamed.
Q {A) The mixture was likely to cause a burn because 99 °C is much higher
than &0 °C, which is the temperature at which a third degree bum is likely to

DGECUr,

o (B) The burn was not likely to be caused by direct contact with the
chemical, sinee 1.35 moles of the HCl solution wis neutralized by the 1.35
moles of the MNaOH solution. Only 0,025 moles of NaOH remained
unregcted, an amount too small in concentration to cause a chemical burmn.

(C) Chemicals con be harmiful if their special storage needs are ignored.

(I Glass is heat sensitive, and will shatter if there is a sudden change in
temperature, due to a chemical reasction.

Di .
Sources of Error:

{A) The metal stirring rod could have caused an increase in the heat of the
reaction. A glass stirring rod would have been better.

(B) Some of the NaOH pellets started to absorb moisture hefore | added
them to the HCL

{C) Heat could have been lost during the time of adding the NaOH ., to the
HCI ...
ingh

{D) The drain cleaner was in liguid form but in our last experiment we used
the sctual NaOH pellets.

Page &
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Work Sample & Commentary: Density of Sand
High School Science

The task*'?

Sample 1 was an entry in a Golden State Examination Science Portfolio for the category
“problem solving investigation.” Students were required to submit a piece of work and the
“Self-Reflection Sheet.” In this case, the student designed and conducted an investigation to
determine the density of sand. Sample 2 was done in class as a regular lab.

Circumstances of performance
These samples of student work were produced under the following conditions:

alone \ in a group

V' in class as homework

v with teacher feedback V with peer feedback
timed ' opportunity for revision

These work samples illustrate standard-setting performances for the following parts of the
standards: *'*

Bilb Physical Sciences Concepts: Structure and properties of matter.

BBl= Scientific Thinking: Frame questions to distinguish cause and effect; and identify or
control variables.

BBl Scientific Thinking: Evaluate the accuracy, design, and outcomes of investigations.
BBt Scientific Thinking: Work individually and in teams.
B8 Scientific Tools and Technologies: Use technology and tools.

Bl Scientific Communication: Write instructions that others can follow.

What the work shows

b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of the structure and properties of matter....

(A) (B) (C) Throughout the work, the student explained the relationship between mass,
volume, and density, often with a level of detail revealing excellent conceptual
understanding. There is also ample evidence that the student appreciated the relevance of
density in everyday situations.

BBl- Scientific Thinking: The student frames questions to distinguish cause and effect; and
identifies or controls variables in experimental and non-experimental research settings.

(D) Here and throughout, the work displays evidence of appropriate scientific thinking and
use of experimental data to reach conclusions.

* Por related work on Density, see “Flinkers”, page 76, “Discovering Density”, page 209, and “Density”, page 423.
™ The quotations from the Science performance descriptions in this commentary are excerpted. The complete
performance descriptions are shown on pages 292-339.
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Work Sample & Commentary: Density of Sand
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BBl Scientific Thinking: The student identifies problems; proposes and implements
solutions; and evaluates the accuracy, design, and outcomes of investigations.

(E) (F) (G) The student continually evaluated and critiqued the appropriateness of the
experimental design and the accuracy of the measuring process, and described the situations
in which the techniques employed would be most effective.

BBf Scientific Thinking: The student works individually and in teams to collect and share
information.

(E) Comparison of results among groups provided partial confirmation of results.

(H) The student has acknowledged the benefits of collaboration.

B2 Scientific Tools and Technologies: The student uses technology and tools (such as
traditional laboratory equipment...) to...measure objects directly, indirectly..., and with
appropriate consideration of accuracy and precision.

(I) (J) The student used traditional methods.

(E) Comparison of results among groups was an effective method for judging accuracy.

BB Scientific Communication: The student communicates in a form suited to the purpose
and the audience, such as by writing instructions that others can follow....

(K)
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Work Sample & Commentary: Density of Sand
High School Science

Sample 1

The Density of Sand

Purpose: To determine the density of a sample of sand with air around the sand
granuias and then the density of the sand alone.
Procedure:
ind +¢ Record
0 _Em_maﬁ_Tf_emm_ﬂup_ Record
Subtract the mass of the empty cup from the mass of the Record

.sand +the cup. The result is the mass of the sand.

Put sand in a graduated cylinder, note volume. Record
| ,

‘Remove sand, put 20 mL. water in graduated cylinder.
I

Add sand to water, note volume of sand + water Record
i
Subtract the volume of the water (20 mL) from the voiume
of the water + the sand. The resutt is the volume of the sand. . Record

Data:
Mass of sand + cup (g) Mass of cup (g) Mass of sand (g)

17.30 1.85 ‘ 15.45

Volume of water + sand(mb) | Volume of water(mb) | Volume of sand (w/o ainmi|

26.0 200 6.0
Volume of with air:  10.4 mi.

Density with air:_M _ 15.45g = 1.49g/mL
v 104 mL
Density without air M 15455 = 26gmlL

Vv 6.0 mL
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Work Sample & Commentary: Density of Sand
High School Science

Sample 1 (cont.)

alculations_an nalysis:

1. This lab was conducted using sand sample A. The mass of the sand was found by

finding the mass of the sand in the cup, and then subtracting the mass of the cup. The

mass of the sand was 15.45 g. The sand’s volume with air, which was found by

placing the sand in a graduated cylinder, was 10.4 mL. The sand's volume without air,
o which was found using the water displacement method, was 6.0 mL.

2. The density of the sand with air was found to be 1.49 g/ mL, and the density of the
sand alone was 2.6 g/mL. The sand with the air had a lower density than the sand

o alone. The equation for dansity is mass divided by voluma. For both density
calculations, the mass of the sand was the same. However, the volume of the sand
with the air was larger than the volume of the sand alone. This is because the grains
of sand were separated by air, which made the voilume larger than it would be if air
was not present. Since the volume of the sand with air was larger, it had a lower
density.

0 3. Our answers were compared with thosa of four other groups.
group #1:  density with air 14g/ mbL
density without air 2.5 g/ mL

group #2  density with air 0.65 g/ mL
density without air 1.02 g/ mL

group #3  density with air 3.0g/mL
density without air 1.5¢g/ mL

group #4  density with air 149 g/mL
density without air 2.73 g/mL

G 4. Three out of the four groups we compared results with had answers very similar to
our own. One group, #2, had results that were very different. Since density is an
intensive property, the difference in sample sizes amaong the ather groups should not
have affected the results. Other groups also may have made errors in their
measurements or in their procedures. ' By double-checking each group’s
measurements and calculations, it would be possible to determine which group had
the most accurate results.

o 5. The procedure utilized in this lab would work well for small, irregular solids such as
sand. Many objects, however, would be far too large to place in a graduated cylinder
and use the water dispiacement method. In their instance larger containers couid be
used. It aiso would aiso be much easier to determine the density of regular solids
using calculations of length, width, and other dimensions in conjunction mathematical
formulas. This method was extremely successful in this example.
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Work Sample & Commentary: Density of Sand
High School Science

Sample 1 (cont.)

416

: around it and the density of sand alone. The main concept in this lab is how the

G The difference in density of objects around us is an integral part of our world. It

1. Thoroughly explain the scientific concept you are investigating in this entry. Give specific examples
that show how this concept relates to your Problem-solving Investigation.

The purpose of this experiment was to determine the density of sand with air

density of a substance is affected by its mass and volume, namely through the
presence or the absence of air around the sand when determining the volume of the
sample. This investigation introduces the idea that density is an intensive property, a
concept that is reinforced by providing for different groups to use varied amounts of
sand when psrforming these calculations. Density of a given substance remains
constant regardiess of the size of the sample used./

2. Describe, in detail, the part or parts of this investigation YOU personally designed.

This ab contained only a purpese, not a procedure. It was up to the students to
design the entire method of determining the density of the sand both with and without
air. | designed the plan to use the water displacement method for the volume of the
sand without air, and to simply place the sand in a graduated cylinder in order to find
it's volume with air. Please see the procedure section on page 1.

3. Describe how the scientific concept you investigated in this component is related to a real-world issue
or personal experience (you may include issues that affect society or the environment).

would be rather difficult to float in the bathtub if water's density were as low as that of
air, and just as difficutt if water had a density similar to that of a solid. Inthe same way,
it is crucial to our way of thinking and living that density be an intensive property. If the
density of a given substance varied with the size of the sample measured, the resuits
could be catastrophic. Imagine buying a 4”x4”x4” block of wood with which to build
your home, and finding it to be of a much different consistency and stability than a
5G"x50"x50” biock of the same type of wood! Everyday we rely on the properties of
density for our most basic functions and activities. This experiment simply made us
aware of them.

Reproduced by permission. Copyright, California Department of Education.
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Work Sample & Commentary: Density of Sand
High School Science

Sample 1 (cont.)

GSE Self-reflection Sheet: Problem-solving Investigation (cont'd)

4, Describe how working with others on this investigation helped to increase your understanding of
science.

Although a hypothesis was not necessary in this investigation, my group worked
together to develop a procedure in order to fuffill the purpose of this experiment. My
partner and | brainstormed for a great length of time, debating the most efﬁgnent set-up
and procedures to achieve the most accurate results. Thi; inv_oived many |gleas be[ng
rejected as inefficient or inaccurate. For example, our first instinct was to simply spill
the sand out onto the triple beam balance when determining its mass. Careful thought e
and discussion, however, caused us to realize that this would result in lost sand and
therafora inaccurate resufts. We then devised a more accurate pian of weighing the
sand within the cup, and then removing the sand from the cup and weighing the cup
alone. We then subtracted the mass of the empty cup from the mass of the cup and the
sand, and indirectly determined the mass of the sand. The entire procedure for this
investigation was the result of a collaborative effort between my partner and I.

5. What did you conclude from the investigation? Was the conciusion the same as or different from what
you expected? Describe how your observations and data support your conclusions.

From this investigation, we concluded that 2 sample of sand has a lower density
when it is surrounded by air than when air is not present. My partner and | found sand
surrounded by air to have a density of 1.49 g/mL, whereas sand that was not
surrounded by air had a density of 2.6 g/mL. My partner and | found it interesting to
discover that the presence or absence of air affects the density of a substance. This
discovery was shown by the difference in our caiculations of the density of the sand
with air and without air. By comparing our resuits with those of other lab teams, we
concluded that density is an intensive property. Although all of the teams used
different amounts of sand in their calculations, their results were very similar, and in
some cases identical to cur own. This means that the density of a given substance
does not change with the size of the sample measured.

: In chemistry, as in most areas in life, collaborative efforts achieve the most

.'é accurate results in the most sfficient manner. Working with a partner or a with a group
enables individuals to master concepts and ideas that would be difficult or impossible
for them to understand on their own. While brainstorming ideas for the procedure, my
partner and | were able to "bounce” ideas off of one another and receive feedback and
new ideas in return. In the same manner, if one partner had overlooked a smalt detail
that might impede the obtaining of accurate results, the second parstner was quick to
ses that potential problem and propose a solution. Through exchanging ideas,
critique, questions, and information, my partner and { were able to understand the
concepts prasented in this investigation.

Reproduced by permission. Copyright, California Department of Education.
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Sample 2
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Work Sample & Commentary: Density of Sand
High School Science

Sample 2 (cont.)
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Work Sample & Commentary: Density of Sand
High School Science

Sample 2 (cont.)
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Work Sample & Commentary: Density of Sand
High School Science

Sample 2 translation

1:

scal, waiar,

3

with adr,

In this exparment, my objective i to find the density of sand in the
presence of air and without the presence of alr.

To do this exparimant, | used: beaker, graduated cylinder, funnal. sand,

adure;
The first thing I did was 1o fake a certain quantity of zand. | pouwred the
sand into a beaker. | waighed the empty beaker bafore waighing il 1ogethes
with tha sand. Then, | poured tha same amount of sand (from the baaker) inta a
graduate oylinder and | measured the volume of the sand,

| recordad the msulis. Then | divided the waight of tha sand imo s
woluma o find e dansiy In the prasence of air,

Thar second thing | ded was to pour soms vwater into the gradustes eylindar,
then | measured the valema of the waker, When | finlehad, | poured the zame
aueanitily of sand | had wsed in the first part of tha axparimant ints the gradusta
cylinder that contains 1he water, | stirmed them (water and sand) up 5o that |
could gat rid of the air in the sand, | measured the volume of the water togather
with thia sand, then | did a subtraction (o find the voluma of the sand by itseall,
This result | found was the volurme of the sand withaut the presence of air.

To finish, | divided the weighl of ihe sand by the volumea of tha sand io
find he density ol Ihe gand withaut the air baing presant

4, Pesults,
1) Waight af the graduate eyindear 4849
2} Yolume of the sand 2ml
3) Weighl of ihe sand 3.2g o
4) Waight of tha sand and the cyfindar 52.60

5) Denaity of the sand with air
&) Volume of wajer

71 Voleme of the sand and watar B, 2ml
8) Wolurma of sand

4] Denaity of tha sand withouw air

When [ finishad with the expariment, | rsalizad that the dansty of the
sand without air is mone than the densiy al the sand with the air. Tha
conclughon | drew (s that i you consider the volurme of th sand with ais and the
volume of tha sand withaut air, the sand withowt alr weighs more than the sand

Chernistry Repon
Dersity of Sand

3.2p2mi=1,6g/'ml
Smi

B.2mi-Smi=1.2mi
32071, 22 Taimi
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Work Sample & Commentary: Density of Sand
High School Science

Sample 2 translation (cont.)

DENSITY OF SAND

Work in @ group 1o design an axpariment o determing the densiy of sand wilh air
amungd the sand granules and then the density of the sand alona, Write a repar
based on the exparimant,

LET US REFLECT OM THE EXPERIMENT
Answar e iollowing questions alter completing your repor:
1. Describe the sciantific concapt you have immastigated in the exparimant,

The scientific concapt | iInvestigated was density. | wantad io know if sand without air
is heaviar than sand with air whan thay have he same volumea.

2. Describe how the sclantific conoept you have imvestigated is related bo evenpday
fila

The relaionship batween this sclanlific concept and evenyday life is that you
someatimes nesd matarials that have d@lfarant densities depending on the type of work
yau want te do. For exampla, If you want to maka an airplane or a boat, you mneed a
mataial that is strong bt not ko heavy,

3. Descrbe how working in a group halped 1o intreass your understanding of the
soisndific cononpl.

Wiarldng In & group halped me bacauss whataver méstake | made, anothor mamibser of
tha group was ablo 1o soa i and logether we were able fo cormssal L.

4. What dd wou conclude from the nwvestgation Waes the conclusion the same as or
differerd from whai you axpaciad? Descrbe how your obsarvalions and dala support
yaur conciuaion,

The conclusion that | drew from this exparnmeant is that whan you have 2 types of sand
with thi same volume, the sand withou! air will alwaya be haavies then the sand with
air. When | say two types of sand. | maan;

1) sand with alr

2) sand wiltoad air

New Standards Performance Standards
422 New York City Science—First Edition



Work Sample & Commentary: Density
High School Science

The task*"
The students were asked to describe how to find the density of different substances.

Circumstances of performance
This sample of student work was produced under the following conditions:

alone \ in a group

in class \ as homework

with teacher feedback with peer feedback
timed opportunity for revision

This work sample illustrates a standard-setting performance for the following parts of the
standards: *'¢

Bilb Physical Sciences Concepts: Structure and properties of matter.

BBlc Scientific Thinking: Evaluate the accuracy, design, and outcomes of investigations.
B2 Scientific Tools and Technologies: Use technologies and tools.

BEd- Scientific Communication: Represent data and results in multiple ways.

B Scientific Communication: Communicate in a form suited to the purpose and the
audience.

What the work shows

b Physical Sciences Concepts: The student produces evidence that demonstrates
understanding of the structure and properties of matter....

(A) Here, and throughout the work, the students show their understanding of density.

BBl Scientific Thinking: The student identifies problems, proposes...solutions....

(B) The students point out that customary technique for finding the volume of an irregular
solid, water displacement, which they used for the rock, will not work for solids with
densities less than water. They propose a reasonable solution to that problem by suggesting
that the less dense solid be attached to a very dense solid, such as iron, so that the combined
density would be greater than water. Thus, the combined solid would sink.

B2 Scientific Tools and Technologies: The student uses technology and tools...to observe
and measure objects...directly and indirectly...with appropriate consideration of accuracy
and precision.

(C) Attention to accuracy is evident in the care taken with significant digits.

(D) (E) Attention to precision is evident in the comments about holding and reading a ruler
and reading the level of the graduate cylinder.

*® For related work on Density, see “Flinkers”, page 76, “Discovering Density”, page 209, and “Density of Sand”,
age 412.

2 The quotations from the Science performance descriptions in this commentary are excerpted. The complete

performance descriptions are shown on pages 292-339.
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Work Sample & Commentary: Density
High School Science

B2 Scientific Communication: The student represents data and results in multiple ways,
such as...tables, and graphs;...diagrams....

(C) The table is well designed to show which values were measured and which were
calculated.

BBl Scientific Communication: The student communicates in a form suited to the purpose,
such as by writing instructions that others can follow....

Throughout the work, especially at (D) and (E), the instructions are very straightforward and
easy to follow.
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Work Sample & Commentary: Density
High School Science
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Work Sample & Commentary: Density
High School Science
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Work Sample & Commentary: Density
High School Science
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Work Sample & Commentary: Density
High School Science
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Work Sample & Commentary: Density
High School Science

Translation

HOW DO WE FIND THE DENSITY OF THE
DIFFERENT MATTER?

Wz live s an objective world cansisted af numeroas matter, The differen marter iz
characrerized by different propeties, thus it resuhis in the formation of a variesy of ohjecis
which are, n tum, fonmed by mares

Matter has conain peminent charactenistics, such as smell, calor, huster, and hardness,
ete.  According Lo Uiese chafscderisticd, the matver coudd be sontified.  Demsity s also m
important cheracterisic of the matter.  Usually b density varies with tbe differemt mater,
An unknown matter could be identified by finding its dengty and then comparing the
demsitics of sohstances.  For metsnce, the specimen collected by astronauts from the
maon and the rocks collecied by geologists are abways identified based om their densities,
We also can defermine the gold comtent in o specific gold jewelry by its density

0 Drensity s the mass per wnit valime of sa object.  Accordimg to the definition, the
Fommila of the dessity b expressed e

Mass

Deetictity = ——— ofr D=M/Y
Viahume

The density 15 expressed m grams per cubic centimeter (g / om®) of gams per
milller (g / ml ).

Mlatter exigts in ane of three phsses — solid, ligaid, or gas  'We can measare the
densiy of matter in my phage by using the certain methad.  Let's da the following
experiments vo fed the densiibes of different objects in different phases.

Mnterials: balance, ruder, graduated cvimder, iwetal reclangular prism |,
roack, amd water.

A. To Fingl the Density of a Solid

1. Migial Prism, a Regular Shape Solid
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Work Sample & Commentary: Density
High School Science

Translation (cont.)

Procedure:
{ 1) Use the balance 1o measure the mass of the meial pnsn
{2} Use the ruler the mieasures the length, width and the height of the metal prism.
{3) Caleulate the vahume af the metal prism by the formuls V= le weh
{4} Find its density by the formula 0 =M /¥

Carrect
Inecorrec d
I 'H—h_ L o w [
K ": I;:r:?:-.. :- bj-'.-—-lll_r ®
N ."-|-£_}
=3 R U s |
Py B il _==,=..=.é-)

[

The seale mark ssowld be as choze to The view of vision shoald
thi obgect as possible. Keep the naler to e pespendicular to the scale
be parallel to the edgs being measured.

2 Rock, an bregular Shaps Solbid
Procedure:
i 1) Use the balance to measune the mass of the rock
i1 Pour some waler milo the gradeated cylinder and read the vohome of the
water, Vi.  Submerge the rock fnte the witer completely and read the total
vohime, ¥z,  Then the valume of the rock is Y= V1 -V2
{3} Calculse the density of the rock by D= M/ Y

Rezad the bevel of the mentscus
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Work Sample & Commentary: Density
High School Science

Translation (cont.)

B, To Find the Density of a Liguid
Materials: balance, gradunted cyimder, amil mksowa lguid
Procedore:
{1} Use the balance to measure the mass of the empty graduared cvlinder, M)
{2) Pour the Bquid isto the graduated oylinder and then measare the tosal mass
M1  The mass of the liguad s M = Mo M.
(3) Read the violaime of the Bguid in the gradusted cylinder.
(4} Caloulate the density of the gaid by Di= MY

C. Ta Find the Density ol 2 G
Materinls: balance, ballocn, rabber tube with & clip. water trough, graduated cylinder,
waler, asid i pump
Procedmre:
i 1) Cosnoct the halloos with the rubber iobe and paing the air mio the balleon
Then use the balance to measare the mass of this halleos s, M
(2) Set up the equipment a5 the diagram ssown bedow.  Collect some air in the
pradusted cylinder by squeczmg the balloon and then clip tee tube.  Move
the gradusied clinder wntil the level of water inside a5 the same a3 cutside
so thal the aif predasre ingide s equal to outside, Read ibe volume of the
cnllected amr, V.
(3] Messure the mass the balloon et again, designaied as Mz, The mass of the
wir in the gradunted cylmder = M = My - M2
(4) Calculase the density of the mir by D= M/ V.

1f'rr
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Work Sample & Commentary: Density
High School Science

Translation (cont.)

Hecoriis:
G Djeca Mass (g) Volume {cm®) Density g/ co'}
Metal llengehfuideh | height  [vohime]
Prism 180,01 74| 34| 16 &34 153
[Wmer | water &rock | rock
Rock 4141 40 4175 17.5 139
[rad. oyl i ¢ Atiuia] fiqusid
Liguid |266.90] $64.61 |297.91 300.0 .69
[l daar | balloon air
Air | #18s | 8160 | 026 2600 .01
5
td (9/cm)
. J
[ N
7
IRy
" R ;/
Z /] @ —
metal  rock Boqusd i
Conclusions:

Comparing the datn from the experimest with the table of densitics, we
comchude that the metsl is aluminem, the rock is granite, and the liguid is water

A certain degiee of aberration is inevitable m any measuring.  However, we shoald
ISR e STTOrS.

The densities of the fvar objects ks expressed by a bor graph below.  We can sec
thromgh the graph that the onles of the deasitics from kas (o mos is gos, liguid, and solid
That's why most af the solids would sink in the water, but not al salids do. Thereare ()
some solids whose density could be smuller than ikt of water, such &5 wood and jes
They would, instend, Aoat on the water surface.  How do we messure the volume of that
kind of solids? To messure the volumes of wood, for mstamce, we could rap the wood
with & piece of lron topether fire | so that the wond could be sunk completely aller beng
placed info the waler,

Can you ate the method to find the density of Sce now?

-+
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