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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. The work was done
with a partner and written up separately.

Prior Learning

This task requires that students have studied matter and density.

What the work shows

Characteristics of Science
Habits of Mind
SCShl. Students will have the computation and estimation skills necessary for analyzing data and following scientific
explanations.
a. Find answers to scientific problems by substituting numerical values in simple algebraic formulas, and judge
whether the answer is reasonable by reviewing the process and checking against typical values.
Compare scientific data for two groups by representing their averages and spreads graphically.
e. Decide what degree of precision is adequate, and round off the result of calculator operations to enough
significant figures to reasonably reflect those of the inputs.
f.  Address the relationship between accuracy and precision and the importance of each.

SCShS. Students will be able to communicate scientific ideas and activities clearly.
a.  Write clear, coherent accounts of scientific activities, including possible analyses and alternative interpretations
of the results.
b. Choose appropriate summary statistics to describe group differences, always indicating the spread of the data as
well as the data’s central tendencies.
c. Make and use tables, charts, graphs, and scale drawings to make scientific arguments and claims in oral and
written presentations.
Content
SC1 Students will understand the nature of matter and its classifications.
a. Students will identify and differentiate characteristics of matter in terms of physical (intensive/extensive) and
chemical properties.
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Caleylationa_gnd Analvela:

1. s ab was eonductad any and gmpla A, The maas of the sant wae buad by
finding the mass of the sand in 1ha dup, and thed Subtracting 1ha mass ot b cop. Tha

Purpoga; Te detormin the donsiy of a sampla of sand with aif around the sand mase of the gand wae 1546 9, The eend's volume wih zIr, which was found by

Sample 1  he Density of Sand

placing the SanS in 4 Jraduated cyindar, Was 104 mL The sand's walums sihout g7,
granuigs and then the density of the sand alone, whith was Mind Lsing tha water displecérent melhod, was 6.0 mL
Erocedure: - Record 2. The density of the sand with & was lound fo be |49 37 mL, and The density of tha
o mj&ﬁ:— gand alone wes 2.6 gimL. The s2nd wilh the air had & kwer density Ihan the sard
Record alone. Tha squalion for danaity ts mass duidad by wolume, For both densdty
aaloulziions, the mass of the sand wad iy same, Howeves, the volume oF the sand
wilh ife am was larger than he voluma of the sand aone. This s becauss the grains
of 32gnd wera separabed by ar, which made the volurme largar Ihan it would de i air

W ROP pragant, Sinsa the wilume af e sand wih alr was [arger, I had a lowss
denslty,

Subtract the mass of tha amply cup fre

m tha mass of the Record
A N AL L) 2 Sl

ol the

Pul sand In a graduated er, mta volume. Racord

A Qur answars wara compared with thosa af four ather 3rups.
groug #1;  densiy with ar T4amb
derly witaul aic 253 ml

Remaove sand, put 20 mL water in graduatad s

sand to waler, note volume +waler Recard

graup #2  danzdy will air 065 gimL
suwmn:volumoﬂwwm mL) from the volume densiy whhow alr 1n2gmL
of tha waler + the 3and. Tha rasult is tha volume

groap #3 dengly with air 30qmL
dansiy withat alr 1.5/ mL

Qata;
araug #4 dansity with alr 142 g/ml
Mass of sand + cup {g) Mass of eup {g) Mass of sand (g} dansity without gir 2.7 oimL
1730 1.85 1545 o 4, Triea ot o e hur geaers wa eompared -Baults wih Nad answars very Sami-ar ke
our own. One group, $2, had rasuns that wars very Giferant, Since cansty @ an
Irtagrhes profaty, the differance In sampls dkes amcnyg th athar grovgs should not
LJ | Volume of waterimb) | Volume of sand {wio sinml have affectad the resulls, DLaar gioups alea may havs made emors in thair
MEdsxifama s af o hair pracedures, - By double-checking sach group's
1] 200 £ m ments and caleulations, § woukd ba 1o determine which group had
Volurma of with air; 10,4 mL the most accur ale redults.
Denaity with air:_M_ 1545g = 143 g/ml o 5. Trw procedure pikzed in this lab would wo:k wall far smal, fraguiar scies such as
vV 104mL sand, Manv oblets, however, wauld be far 1oo large 1o placs in & graduated cyfinder
. and uge tha water displeceman matrad. In el instance luger conlsiners coulkd be
Dengity without air M g = 28ghml usad. It also woubd aa be much easier be detesming :he density of reguiar sobds
Vo osomL uging calculations of lengty, width, anz alhar dimansiana in sonjunction marhamancal

‘ermulas, This me:hod was estremely successiul In this sxampia.

aThroughout 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.

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

GoThe 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.

Comparison of results among groups provided partial confirmation of results.
The student used traditional methods.

GComparison of results among groups was an effective method for judging accuracy.

New York City Performance Standards



DRAFT

Georgia Performance Standards

Chemistry

Sample 1

GSE SELF-REFIECIIANS

GSE Selferefleciion Shoet: Problemesolviug fuvesfipation

1. heresghly eXplain the acenbfic eaozese yon are snezstigating in this enfry, Give spe.fie axamples

Ina? sk howr s eoneepl relaies |2 your [~oblem-aelving Trvestigation.

The parpase of ihis nxpormen: was o deiermang Tne density of sand with @ir

argund it and thea dansdy of sand alone. Tha mal conceal in Lhis lab ls how tha
0 canairy of A substance 15 affeclad by ds mass and valume, namaely frrugh thae

prasence of the abseroa of ar around Ihe sand when deeminlng 1he volume of tha
sample. T iwees galion Ntrodusas ihe idsa et dansiy s an intenshe propary, 4
concepl thart s rainfarcad by prosding for diferent groups ‘o usa veried anaunts of
sand whan paroiming thesa aaeulaionz Dengey of a gven subsiance remains
cong:an regardiess of ke size of the eample used. /

2. Db, i el e padtor pats ol his wwvestigataon YOI peeasly cesigned.

This iab comained oaly 4 purpse, nal a procedure. |owas up (o the sudenisto
desigr e anling method of detarmiring “ha dansty of the sard ol with 2nd wihout
ain. | designad the plan 1o use 'Me waler displRcement mathed kar the voiame of the
sand withau i, a9d 1o simpy place the gand in a gradlated Cylinder in ordar fa fnd
1'svolume wih ar.  Plaaka dee The poosdors sechon on paga 1.

3, Bieserhe how the sclendfle conespe vou imvesipasd in this comzonen! is reluied 13 4 real-word 1350e

[ C

or pesandl expensnos (¥ may include issnes that affect suliety ar (5 envirarmEotl,

Tk dfiadancs tn density of ahjects Around us s &1 inlagral part of aur word, it
wrild s rather offiicul (o “ioat 0 the satrtubl £ walar's donsity were a8 low as that of
&ir, ane just as difieut; i water hac 2 density similar ta that of & solid, Iy the same way,
1t s eruclal to cen way of Ininking and [nang that Jansty be an iranswve prapary. If tha
dans by of 2 ghvan subgtEnGS verie Wil he sz o the sample measurad, the resudts
could be calgstrophic. Imagire buying a 4™ x4 block of wood with which 1o build
waur horme, and finding # to be ol & much dfarent consistency and stabing than a.

S 25072507 bisck of the same typs of wead| Everyday wa raly on tha proosrles f
darsty far our mo basic funetiens and aobMLes. This expariment simphy mede Us
awara gl tham.

o Sheet: Problemasolving nvestigarion (cont'd)

Sample 1

4. Describe how working with others on this investigation helped 1o increase your understanding of

SCIETCE,

Although a hypolhesis was nol necassary in this invastigation, my group warkad
together to develop a procedure in order ko Rulfll 1he purposs of this experiment. My
partner and | brainstormed for a great length of tima, debating tha most afficient set-up
and proceduras to achisve tha most acourate resulls. This involved many ideas being
rajected as inatficiont of inaccurate, For exampla, our first instinet was 10 simply spill
{he sand out onto the rpls beam balance when determining its mass. Careful hougtt ()
and discussion, however, caused us to reaiize that this would result in lost sand and
{herefora inascurate rasults. Wo then devised a more accurate plan of weighing the
sand within the cup, and then removing the sand from the cup and waighing the cup
lona. We then subtracted the mass of the ampty cup from the mass of the cup and the
sand, and Indirectly datarmined the mass of the sand. The entire procedura for this
Immnmhru:hnranpubmmmnm“nmmwwl

5. What did you conclude from the investigation? Was the conclussion the same a5 or different from what
you expected] Deseribe how your observatioas and data suppon yaur conchusion.

From this investigation, we concluded that a sample of sand has a lower density
when it is surrounded by air than when alr is not pregent. My partner and | found sand
sufrunded by air 1o have a densdy of 1.49 g/ml, whereas sard that was not
surmounded by air had a density of 2.8 ginL. My pariner and | faund it interesting to
discover that the presence or absence of air affects tha dansity of a substance. This
discovary was shown by the difarence in our calculations of the density of the sand
with air and withcut air. By comparing our results with these of ciber lab teams, we
concluded that density is an infensive progedy. Athough all of the teams used
differert amounts of sand in thair calculations, thair rasults wars very similar, and in
Soma cases «dentical to our own. This means that the density of a given substance
does not change with the size of the sampie measured.

MNMW
(H)

In chamistry, a3 in most areas in [Ha, collaborative aMforts achuave tha mast

Q accurate results in the most afficient manner. Warking with a partner or & with a group

anables indhiduals to master concerts and ideas that would be difficut or impozsibla
for therm to understand on their own. While brainstorming ideas for the procedure, my
partner and | wers able to "bounce” ideas off of one ancther and receive feedback and
new ideas in retum. In the same manner, § one partnar had overiaokod a small detail
that might impeda the abtaining of accurate resufls, tha second partnar was quick to
s8¢ that potential problem and propose a solutien. Through exchanging idaas,
critiqud. questions, and informalion, fry partner and | wers abla to understand the
concepts prasented in this invastigation,

ooThroughout 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.

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.

The student has acknowledged the benefits of collaboration.
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Sample 2 hemistry Report
Density of Sand

1. Obi .
In this experiment, my obactive is 1o find the density of sand in the
presance of air and without the presence of air,

2. Malerials; )
To do this experiment, | used: beaker, graduated cytinder, funnad, sand,
scale, water,

3, .
Th first thing | did was to fake a certain quantity of sand, 1 poured the
sand into & beaker. | weighed the emply beaker before weighing it together
with the sand. Then, | poured the sama amount of sand (from the beaker) into a
graduate cylinder and | measured the volume of the sand,
| recorded tha resuits. Than | divided the welght of the sand ino its
wolume to find ils density in the presence of air.

Tho second thing | did was to pour some waler into the graduate cylinder,

then | measured the volume of the water. When | finished, | pourad the same
quantity of sand | had used in the first part of the experimant into the graduate
cylinder that contains tha water. | stirmed therm (water and sand) up so that |
could geat rid of the air in the sand. | measured the volums of the watar together
wilh the sand, then | did a sublraction t2 find the voilume of the sand by itsell.
Tha result | found was the volume of the sand without the presence of air,

Ta finksh, 1 dividad tha waight of tha sand by the volume of the sand (o
find the density of The sand without the air being pressnt

1) Weight of the graduate cylinder 44.4g

2) Valume af the sand 2mi o
3} Weight of the sand 329

4) Waight of the sand and the cylinder 52.6g

5) Density of the sand with air 3. 2g/8mi=1 ﬁg':ll

6) Violume of waler

7) Volume of the sand and water a.2mi

8) Volume of sand G 2mi-Smi=1.2ml

9) Density of the sand without air 3.29/1.2mil=2 7g/mi

When | finished with the experiment, | realizad fhat the density of the
sand without alr is more than the density of the sand with the air. The
conclusion | drevw is that if you consider the volume of the sand with air and the
volume of the sand without air, the sand withou? air weighs more than the sand
with air.

oThe student used traditional methods.
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DENSITY OF SAND

Work In & group to design an experiment to datermine the density of sand with air
around the sand granules and then the density of the sand alene. Writa a report
based on the experiment.

LET US REFLECT ON THE EXPERIMENT
Answer the following questions after completing your report
1, Describe the scisntifiz concapt you have investigated in the experiment.

The scientific concept | investigated was density. | wanted to know il sand withau! air
is haaviar than sand with air when they have the same volume.

2. Describe how the sclentific consept you have investigated is refated (o averyday
life.

The relationship betwaen this scientific concept and everyday life s that you
gomatimes nead materials that have different densiies depending on the type of work
you want fo do. For axample, if you wani to make an aiplane or a boal. you nead a
material that is strong bul not oo heavy.

3, Describe how warking in & group halped 1o incréase your understanding of the
atiarilifi concapt.

Waorking in a group helped me because whatever mistake | mada, another mamber of
the group was able to soe it, and togather we ware able to correst it

4. What did you conclude from the invostigation? Wag the canclugion the same as or
differant from what you expected? Descrioe how your abservations and data support
your conclusion,

Tha conclusion that | draw from ihis experiment is that when you have 2 types of sand
with the sama volume, the sand without air will always be heaviar than tha sand with
air. When | say two lypes of sand, | mean;

1) sand with air

2) sand without air



