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Science and Engineering Practice(s) Focus:

Lewval:

Primary Target Domain:

Target PEs:

Crosscutting Conceapt{s) Focus:

High School

Life Sciences

HS-L51-6, HE-LS1-7

Emargy and Matter
Developing and Using Modals

orgamisms. Examples of models could include diagrames, chemecal equations,
and concaptual modsls.

Phanomenon: A pond ecosystemn has remained stable for several years.
Allowabla Ham Types: 2R, TE, CH
H5-1L51-5 H5-LE1-7
Parf Uz a model to illustrate how photosynthesis transforms light energy into stored Usa a model to llustrate that ceflular respiration iz a chemical proceas wheraby
ENEy chemical enengy. the bonds of food molecules and ooygen molecules am broken and the bonds in
Expocinlims: e compounds are formed resulting in a net tranafer of enargy.
Emphasis is on ilustrating inputs and cutputs of metter and the transter and Emphesis ia on the conceptual understanding of the inputs and outputs of the
o Dt mﬁmmﬂmhmﬂmn&mmwﬁmtamm_pmmﬁm process of cellulsr respirgtion.

Assasement doss not include specific biochamical steps.

Asssssment should not include identification of the steps or apecific processes
inwolved in cellular respration.

. L51.C: Organization for Matter and Energy Flow in Organisms

L51.C: Organization for Matter and Energy Flow in Organisms

* Tha process of phofoeynthesis comvarts light enengy to stoned chamical enengy
by comvarting carbon dioxide plus water info sugars phus relessed oxygen.

= Az s result of these chamical resctions, enargy is transfarmed from one systemn
af interacting molecules fo another. Cellular respirafion is 8 chamical process
inwhich the bonds of food molecules and oeygen moleculss are broken and
e compounds are fommied that can transport enengy to musckes. Celiuar
reapirafion iso relesses the enargy nesded to maintain body temperstuns
despita ongoing energy tranasier fo the swmounding environment.

= Az matter and energy flow through different organizationsd levels of iving
=systems, chemical elements are ecombined in differant ways to form
different products.

Diewedoping and Using Models

Modelng in'8-12 builds on K-8 experiences and progresses to using,

ayntheaizing, and devsaloping modals to predict and show relationships

among vanables between systemes and their components in the natural and

dasigned workda.

= Usa a modal basad on evidence to illustrate the relationships batwesan systems
ar batwean components of & system.

Muodding in 8-12 bulds on K-8 experiences and progresssa to using,

synthesizing. and developing modsls to predict and show relationships

among vanasbies between systema and ther componants in the netural and

demgned workds.

= Usza a modal based on evidenca to illustrate the mlationships befwesn systema
or bebwean components of a systerm.

Energy and Matter

Energy and Matter

-Gﬁ-#ndmuﬂnﬂﬁmﬁ‘iam can ba described in ferme of enangy
and matter fliows into, cut of, and within that system.

= Enengy cannot be created or destroyed; it only moves befween one place and
another placa, bebwsen objects and/or islds, or bebwean systems.




H5-151-5 Use a modal to illustrate how photosynthesis transforms
light energy into stored chemical energy.

H5-L51-7 Use amodel to illustrate that cellular respiration is 2
chemical process whereby the bonds of food molecules and oxygen
molecules are broken and the bonds in new compounds are formed

resulting in 2 net transfer of enengy.

ITEM
CLUSTER

H5-L51-5

H5-L51-7

HS 4517

s ac



(Stimulus)

Each vear, In the spring, a teacher takes her students on a field trip to the same
pond to obaane the pond ecosystam. The students measure and obsenve
different componants of the pond ecosystermn, Including the numbears and types of
organisms present and the concantrations of gases in the water,

Scroll over the parts of the Interactive Pond Exploration image to explore the
different components.

Interactive Pond Exploration

The students compares thelr measuraments and obsanvations with the notas left by
previous classes and notice that the pond ecosystern has remained relatively stable
for the past several years. The teacher asks her students to think about the factors
that affect stability In pond ecosystems, Including the processas that transfer ensrgy
and matter. She asks her students to develop a modd that can be used to explain
how the flow of energy and matter relate to stabllity in the pond ecosystem.




#1.

Part {a) Complete a model to represant the two main processes by which energy and
matter are tfransferrad among the varicus components of the pond ecosyatam.

Drag the corract labels into the blue arrows in the model to identify the reactants,
products, and energy involved in each of these processes.

Ewvery arrow must be labeled. Some labels may be usad more than onca,

Part (b) Type the name of Procaas A and the name of Procass B into the
approprate boxes,

Process A: Process B:

Clck NEXT 1o confirue
1o tha nest question.

HS5-LS1-5
Usa a modal to ilustrate how photosynthesis
franeforms light emergy into stored dhamical anangy.

HS-LS1-T
Lsa & modal to ilustrats thet celluler respiration is
& chemical process whansby the bonds of food
modeculas and ceygen molkecules sns broken and the
bonds in nemw compounds are formed resulting in 2 net
frarefar of anangy.

Algnmenit to tha FE and targeted dmensions iz inanded
throwch the entiaty of tha item cluster. Partia 1o strong
glignmant to the dimansicns for asch item B achisvad
throwsh signment to the evidence slatements, and is
inchusiva of all tem parts for amy given dam.

L51.C: Organization for Matter and Energy Flow
in Organisms

« The process of photoaynthesia converts light anargy to
shored chemical anargy by conwarting carbon doxide plus
water into sujers plus rdeassd oxygan.

« Ag 3 rasult of theea chamical reactiona, anengy i
tranefamed from one System of Mtarsctng mokscules to
enother. Caluler reapiration i a chemical procees i which
the bonds of fond MolECUlE BNd O33N MokeouUles e
brokan and new compounds ans fomed that cen transport
energy to muscies. Celuler reepiration o rakeases the
energy nesded to maintan body tempamsture daspks
ongoing energy transfar to the surounding envicnment.

* AR mather Bnd ensrgy 10w through differsnt organizationsl
lewels O Iling yEtems, chamical ssments ans recombned
In cifferent ways to Tom diferent products.

ng and Using Models
Modsing In B-12 bubds on K-B experiences and progresses
to uging, synihestring, and developing modets to predict and
Ehow TalEtionships Bmong vanablss bebwean systeme and
their components in the netural and designed workds.
» Li=n B mooel based on evidenca o liusinata the
reiafionehips betwean Systems of betwean componants of

& Bygtem.

Enargy and Matter

= Chenges of anargy end matterin & system Ccan be
descibed In terma of enargy end matier fiows Irio, out of,
and within thet sysbam.

= Energy cannot be craatad or destroyed; i only moves
betwean one place end encthear plece, babwaen objects and’
or flakls, or betwesn gyatems.




#2.

Part (a) Based upon your completed model, explain how the model demonstrates -

how enargy flows Into, within, and out of this system. Uss the drop-down menus to

= | &5 aresult of Procass A

* | asaresult of Process A

= asaresult of Procass B.

write your explanation.
Enangy flowws into the systom az
Salect = | whan Salact
chamical anargy anergy is convartad into mattar
heat anargy bonds break in sugar
light energy sunlight i= absorbad
bonds form in sugar
Enangy flows within tha =ystam as
Salect «| aftar Selact
chemical anergy energy is converted into matter
heat energy bonds break in sugar
light anargy sunlight is absorbed
bonds form in sugar
Enamy flows out of tha systam as
Salect - | after Salact
chamical anargy anergy is convartad into mattar
heat anargy bonds break in sugar
light snergy sunlight is absorbad
bonds form in sugar

Part (b) Which statement explains why the mass of sugar and oxygen that is taken
in durng Process B s the same as the mass of carbon dioxide and water that is

produced?

O Only one gas, oxygen, is taken In, and only one gas, carbon dicxide,

is releasad.

& All the atoms that are in the oxygen and sugar are rearanged to
form the carbon dioxide and water.

O The energy In the bonds of the oxygen and sugar Is equal to the
energy in the bonds of the carbon dickide and water,

O The number of bonds broken In axygen and sugar Is equal to the
number of bonds formed In carbon dioxide and water.




#3.

Astudent In class develops the graph below to represent the two main processes
by which matter and enargy are transferred within this pond ecosystem.

Click on the box In the graph that represants photosynthesis, and then sgect

the staternents that best explain the reasoning for selecting that part of the graph.
Select all the statements that apply

Relationship between Two Processes

A Products Reactants
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HS-L51-5

Usa a modal to illustrate how photoaynitesis
tramsforma light energy inte stored chamical anargy.

Time

2 More energy s released than is stored during photosynthesls,
O Energy is absorbed when the bonds In the reactants are broken.

O Energy s created during photosynthesis, resufting in high-energy

sugar molecules.

O The total amounts of enargy in the molecules of the reactants and In
the molecules of the products are equal.

O The amount of energy In the bonds of the products formed kB greater
than the amount of energy in the bonds of the reactants.

Alignmeant to tha PE and fergeied dmensions iz indended
thrciugh tha entiraty of tha item cluster. Partial o strong
gligrmeant to tha dimensions for asch item B achieved
thinough signmant to the evidence sletemeanits, and i
inchusiva of all tem parts for amy gheen dam.

LE1.C: Organization for Matter and Energy Flow
in Organisms

= The procees of pholoeynthesia corverts ight arangy to
ebored chemical enangy by convariing cabon doxide plus
water imo BUgers plus reeassd oxgan.

Dreveloping and Using Modsls

Moodedng In B-12 bubds on K-B experiences and progresses

hmﬂmnmmuhpﬂdm
ETON Yarahles bebaean systems and

mmnmm&mmmm

= Lizg B Mmoo based on avidenca to llusirata the

retationshipa betwean systerme of betwesan componants of

& Fyatam.

Enargy and Matter

= Zhenpes of anangy end metter in & ystem can be
described In terma of anangy end mettar fows Into, out of,
and within thet system.




#4.

Relationship between Two Processes

A Products

Peactants

HS-L51-5
Lsa a modal to ilustrate how photceynthesis
trameforma light enengy into stored chermical anangy.

HS-L51-T
Usa a modal to ilustrate that celulsr respiration is
a chemical process whansky the bonds of food
modecules and ceiygen moleculas are broken and the
bonds innew compounds are formed reaulting in a nat
transfar of anangy.
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Part (a) What do the steps in the box labeled "Photosynithesls” represent? Select

all that apply.

O the conversion of energy Into matter

O the formation of chemical bonds that store energy

2 the transformation of matter, which releases ensrgy

O the destructlon of matter, a process that releases energy

O the breaking of chemical bonds, a process that absorbs energy

Part (b) What do the steps In the box labeled “Cellular Respiration® reprasant?

0 a decreasse In energy as heat s converted Into the reactants

0 a decreass In energy as chemical bonds of the products fomm

O a decreass In matter as molecules are transfarrad to tha environment

2 a decrease In matter as atoms are reamanged to form smaller molecules

Click NEXT to continus 5

to the rest question, |

Aignment to the PE and targeted dmensions i infended
thinoigh tha entiraty of tha item cluster. Partial to sfrong
sligrmant to the dimansicns for asch item B achisved
through gignmeant o the evidence siatements, and iz
inchuzkea of all lem parts for any given lam.

L51.C: Organization for Matter and Energy Flow
in Organisms

= The procees of photesynthesis comsrts light anangy to
Etored chemical anangy by comvarting carbon doxide plus
watar [0 BUJErE plus released oegan.

= A5 a rasult of thees chemical reections, anergy i
tranefamed from one System of ntamcting mokeculas to
enother. Caluler reapiration ks a chemical process In which
thi bonds of food molecules Bnd oxygen mokcules Bre
Drokan and new compounds are fomed that can transport
energy to muscles. Celuler reepiration alao rmieases the
Enery nesded to maintan body {empaste daepks
ongaing enargy transfar to the sumounding environment.

= Ap mather Brd enengy Tow through difersnt organtzationsl
levels of IMng syetema, chamical elements are recombined
In different ways to fom diferent proaducts.

Developing and Using Models

Modeing In B-12 bulkds on K-—6 expariences and progreases
to using, synthestzing, end developing moodsts bo predict and
ehow raletionships emong vanables bebwesn systeme and
their components In the netural Bnd designed worde.

= Liza B modd bassd on evidence to llustrats the
reiafionenips betwean systeme or betwean componants of

B Bygtem.

Enargy and Mattar

= Zhenpea of anangy and mettarin & aystem <an be
descrbed In terma of anangy and matter fows Into, out of,
end within thet systsm.

= Energy canrot be creatad or destroyed; It only movee
betwesn one place end encihar plece, bebwaen objects and!
or fiakds, o betwesn Systems.




#5.

Some of the students in the class argue that the pond ecosystem has remained
gtable for the past several vears because the same amount of energy that is
created In the ecosystem Is later destroyad. The students add the red dotted line
to the model to show that the same armount of energy exists at the beginning of
photosynthesis as at the end of callular respiration.

Part {a) Refute the students’ argumant by refining the modsal to show how enargy is
tranefarad into and within the pond ecosystam during photosynthasis and celluar
respiration.

Drag arrow(s) onto the model and position the arrow(s) to show where energy
iz trangfarred into and within the pond system. Label your arrow(s) with the
form that energy takes when it is being transferred.

Relationship betwean Two Processes

Photosynthesis Callular Respiration
Praoducts

.

@ o C

Eremy in Chamical Bonds

=> O

Part (b} Explain how the modifications that you made to the modal halp refute the
students' argument that the pond has remained stabla because equa amounts
of anergy are created and dastroyved in the pond ecosystam. In your explanation,
describe how the modal relatas to the relaticnship between photosynthasis and
calluar respiration.




S Estimated | Hand or
ttem Part Brief Description Item Type PE [l 3EP CCC EV Lewel Evs Paints Time Automated
{rmim} Scoring
Stimulus Interactive Pond Exploration - - 4 - 1 5 5 A 4 A
& . HE-LE1-6 1 11 ':j'
i= O = .|I|'-
. :-rr!ph'r.te & model of photosynthasie and celiuar Drag-anc-Drop 5 7 A
respiration
HES-L51-7 1 1.adi
1 LE1.C 2 B
HS-L51-6 2 Za
b Identify processes in modsl Taxt Entry 1 1 A
HE-LE1-7 2 2ai
H3-LS1-6 3 dai
2a Expisin transfer of sansrgy in modsl Drop-Down bManu 2 2 A
2 HS-L51-7 LS81.C 2 & 2 ai
d.a
2n Conservation of maze Muftiple Choics | HE-L51-7 3 20 1 1 A
Stimulus Rsdationzhip betwaan Two Procsssss = - - - - - 1 -
Haot Spot with i
3 Izentfication of photosynthesis Dassd on energy _”p e, k HI-LZ1-6 LE1.C 2 [ 3 J.ai 2 2 A
Multiple Selact
4a Energy storage in bonde Multiple Salect HE-L51-6 1 1.8 1 1 A
4 LE1.C 2 &
1.4
Ak Energy reieszed whan products form Muffiple Choica | HS-LE1-T 1 o - 1 1 A
a1
it e Halat'i_:lnahip batwaan Two Proceszes, Starting i i X % 7 .
and Ending
o o HEZ-LE1-6 3 d.ai
rag-and-Drop o
v & o A "
5a Energy tranzfar and refuting a olaim wi/ Fil-in Labsing 2 2 AorH
HE-LZ1-7 3 i
5 LE1.C 2 [
HS-LS1-6 3 3.ai
R Explanation of interdependence of photozynthesiz Conzgtructed 4 _ %
o
and callular respiration Aszpones
HS-LE1-7 3 3ai
Total: 13 of 14 16 24




