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Desert Descriptions

Dasments e one of the seven major land biomes, Foustto any
ofthe chaactenstics that can describe a deser.

A.Enstn's dpieat ecasystem
B Can be hot durng thi day and cald at night
C Can be vary cold all the time
— Du.Has soll that holds wates
E.Has planis thot can store water

| F.Has plars with large leaves

1.1 Case Study
«What = the relston betereen independent ver-
ales and depandent vanahles?
« How 1§ SORTIMC MUY uSed i 3 Tea-ite SCon-
tific imvestigation

G.Can be near an ocean
H.Only found In subtropical areas

! LAsw alwoys sand-covered

J.Lizards, bats, birds, and snakes |lve thare,

Explain your thinking In the space below, Deseribe wivat makes a
dusett different fam other blom e

1.2 Saruq Al-Hadid Study
» How 14 schentibc inguiry used in b reallile
scimniific Imeringation M modern dncovery T

Methods of Science
@TheBIGIdea

§ The Scientific Method

Answers to the Page Keeley Science

There are no right or wrong answers to these questions. Write P'%b;':a;bbe‘:"”“d I Wechar's kdmion,of te-Aciuly
student generated questions produced during the discussion oh@? Workbook.
chart paper and return to them throughout the chapter.

Guiding Questions
5 Where do scientists perform Students might be familiar with the idea
scientific investigations? of investigations that occur in

laboratories. The picture might cause
students to realize that investigations are
often conducted in naturol settings.

D What is a scientific investigation? Students are likely to know that a
scientific i ation is one that tests

with other scientists. Results can then be
checked using the exact same methods.

«» How do scientists come up with ~ Scientists might make observations
scientific investigations? aboul the natural world that they would
like to test. They might also read the
resulis of studies and decide to verify
those resulfts
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Strand Map

Required Background
Knowledge

To understand the Key Concepts of
this chapter, students should have
the following background
knowledge:

sockation for the Advastement of Sclence

ths for SOencE Lilenacy
Marwi Yoric Oaford Univerilty Presa

Case Study

B

2C Methods of Science

* People can often learn about things arpund
them by just observing those things cardfully,
but sometimes they can learn more by doing

* Sometimes people aren't sure what Will
happen because they don't know everyfhing
that might be having an effect.

something to the things and noling wigat
happens.

L

L

* Scientific investigations may take many
different forms, including observing wiat
things are like or what is happening :
somewhere, collecting specimens for anflysk,
and doing experiments

the Investigation is carried out, and som

* Sometimes similar Investigations gi

different results because of unexpect
lifferences in the things being investigatdd, the
methods used, or the circumstances in vhich
imes
|ust because of uncertainties in chservajons.

¥

1 Sclentific inquiry is a process that usesja sdt
of skills to answer questions or to test i§ea
about the natural world

2 A scientific law is a rule thal describds a
pattern in nature. A scientific theory isfgn
explanation of things or events that Is bpsed
on knowledge gained from many observitions

and investigations.

Ve

gpuremernts, observationg and
ed1e evalualed for their vilidity

stigation, Opinio

g re
ws¥eelings, or claims abo Tﬂa

¥

4 Scientists worldwide use the Internatna
System of Units because their work is eafiegdo
confirm and repeat by their peers,

5 Measurement uncertainty occurs becquse
no scientific tool can provide a perfe
measurement.

6 Mean, median, m

evaluale set

statistical calculations thal are used {

-2

ode, and range ar

-

s of data

¥

¥ ¥

7 The independent variable is the ficto
a scientist changes to observe hoy it
»| affects a dependent variable. A
dependent variable is the factor
scientist measures or observes durifg a

8 Scientific inquiry was used mrcu? out
the investigation of the lceman whign
hypotheses, predictions, tests, analfsis,
and conclusions were developed

experiment.
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|dentifying Misconceptic

Scientific Theories . The International System of
Find Out What Students Think - Units

Students might think that ... i Find Out What Students Think

... a scientific theory is just an educated guess that is not:ba ents might think that ...

up by much information. While an everyday theory is genera

educated guess, a scientific theory s an explanation thatils stientists in different countries use different units of
based on knowledge gained from many observations ang measurement. They might be aware that in the United States we

scientific investigations. Before something becomes a scienﬁ_ﬁg feet. mciies, anc mites 1o Make meastrenients, witke peopie
theory, it must be fully supported by scientific evidence. ; ther countries use meters, centimeters, and kilometers. Since

we use different measurements in our everyday lives, students

: Z might think this extends to scientists. They might not be aware
Discussion . that an International System of Units (SI) was adopted to make it
Tell students that the theory of plate tectonics states that: Eaetieter for scientists worldwide to share information.

crust is divided into plates that move very slowly in relation to

each otheAsk: How do you think the theory of plate tectoni®@iscussion

their next game if they practice hard? Form small discussio ; :
groups. After a set time limit, let students present some of hfe'ﬁ fifetu s inafie CRIH0OUT WhET JoU HIDDAR RIS 1 0%

; 5 : :
ideas. Students might correctly state that the theory of piatg 1ches and feet at home? Form small discussion groups and

R % ; en have students present their answers and supporting
tectonics is a scientific theory, so it must be supported by Mgfiyaco Students might conclude correctly that scientists

scienlifi.c inyegtigatinns over many years. The theory lhal::th asure things using the metric system, while U. S. non-
team will win is a guess based on their experience or gew%ﬁentisls ainly use the standard, or English, system. Some
observation that practice usually improves perfor stude know that the metr'ic system I's part of‘an

Promote Understanding em of units.

&Cﬁ\fﬂy Perform this activity to help students ud nderstanding
th HEW SaeE s Ut D THh S UC 8 5 ave students perform this activity to discover
=0 2018 how difficult communication would be if

1. Use trusted scientific sources to find a variety of evidencécientists worldwide used different measuring systems.
that supports the theory of plate tectonics. Print or copy ga . i .
piece ol?ividence ancir%akgsure that the source infoma ic:ﬁb]r;n ?h'a” s(tju:{e;t GI0Gps. FioVice halh Wit IetersHCKs and
is on each piece. Include one or two from unreliable sburie oy

2. Form small student groups. Hand out two or three piehes Oﬁnstruct them to measure each person’s height in their group.

: . Record each measurement and whethirdindis male
information to each group. Make sure that each group has ¢ 10

different information. Save some pieces of evidence for tBe ' . _
end of the activity. i 3. Make a blank data table using chart paper or the board.

. : : Label a colunftGirfs and the other offBoys. When
3. Instruct students to determine whether each piece of : o - :
information is from a trusted scientific source, Tell them to sucents Imihi mesaiiting, have e Fecard it data nthe

. . : ? : table. Remind students to include the units,
disregard questionable evidence and summarize the : : : /
information from their trusted sources. : 4. Ask€an we find the average heights obfibgists by
4. Have a student from each group present their summaiy. Wo ding the numbers in each column and dividing by the total

. mber of entridd®d. Some of the measurements are in
as a class lo develop a statement that explains all of the

. : i = o inches and some are in centimeters.
information presented. This will be the “theory.

5. Share the “new" evidence that you withheld. Have a Qttt&hﬁsuwhm do we need to do to find the aveCagasat

. | : i ches to centimeters, or convert centimeters to inches.
read each piece of information. Have the class de-lern':ln@B . o
whether the new information fits with the “theory,” or: 8+ Asktow could we have made data analysis easier?

whether it causes them to reexamine and alter the “theory."Everyone could have used the ape 3
© " same units when measuring. S T
e AndlwSiw
: & olald)

Methods of Scien@D
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Engage Explore  Explain  Elaborate Evaluate
A Controlled Experiment

Identifying Variables and Constants

To solve the mystery of the Iceman, scientists used observation,
hypothesis formation, prediction, hypothesis testing, and other
tools of scientific inquiry. In some cases, the scientists used con-
trolled experiments. Have students read the material on this page,
to learn about the components of a controlled experiment. Then

ask these questions.

Guiding Questions

& What kind of process did scientists @wentists used the process of
to solve the mystery of the lceman?scientific inguiry to solve the
mystery. Scientific inquiry can
include observation, forming
hypotheses, making predictions,
and carrying out controlled
experiments.

» What are the two types of variablesTie two types of variables are

a controlled experiment, and how dmdependent and dependent

they relate to each other? variables. An independent variable
is a factor that you want to test. A
dependent varioble is the factor
that is measured during the
experiment that might be affected
by the independent variable.

&I An investigator tests the effect of  Temperature is the independent
temperature on the rate that a bodwariable and the rate of decay is
decays. What are the independent and dependent v
dependent variables in the
experiment?

¢ On Level ¢ Approachirigevel % Beyond Level

Teacher Notes

Lesson 1.Case Study
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1
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1
| An nference is a logreal explanation An Early Conclusion More Observations and Revised Hypothe [———
j DbieratSnT hated o6 pikt B Konwad Spidler \\-.l\-!':‘h!h“l:\l'?\'l Whem the leetman’s body was discovered, Klaus Ooggl \M""'W'
| 5 ! archivalogy at the University of roabsmick in assbstant profiessor of botany dt the University of Inmbouck. He ]
j by Admstrla when the loeman was discovered area of mudy was plant life duning prehistonc twmes in the Alps
| 20 s Dowd e b posleton dw s m il bl gpiley estirmated that the ax shown in He was tnvited 1o join the research team studying the lognan
1 JC 9,000y okl Figure Swav at leass 4,000 years old bused on . o Ohridis Plad mitle s
1 1= Pedebes e ox ol bwd 3 000 e g {er Iin cxtiatruetion [ the ax was that ekd then Upon close vxssnination of the lces atuld b befongi I Iy bk -y ot b
LRSI L < Y A% i O timet . »
| J: b s el e bl e G000 e, o Jldln-: 4000 ‘;_m okl Professor Oeggl found three plant matertals grass from ED i o bodbos, de by
1 i i g ) i P g loerman's shoe. a5 show Migere 10y spinter of wond from | fral rhuvens wrapyed w
1 v - " Lates, radiocarbon dating showed thas thi . I d - frue called ‘Ti o L b2 ol - |
| B Tead Rl Raducari dofey dewed e imu: | Seiicoiii: SeTEARY e B lengboss. aned 2 tiny fruse called a doe berry Gy bomte wied in charrosl fram 0 [
a5 i e s i vl o % Tol 8 A
4.':'__ e The foetman’s body was atain Owver the next year. Professor Oeggl examined bis ol d%ﬂﬂ“""l e 1 of ":P 5
S baiter S0 m alon it . irat wrapped in maple leaves thar had been found st the Ll'_\.rqpl'ﬂ;(“m"" —
glacter 32 1 abowve & 3t W o : g A vl e ikiny
this man detng so high in the wnow and ':“ [\.:;nm 'I" ‘j ;l"‘ samples 7 ‘I"‘ abend ll':|l.' harcoal ‘;?“mhn— Tia (uamciaran s
he wod of sighl diflerenn] types of irdes # ot ones o
jce-covered mountzns’ Was he hunting for o rl-" e Il pet I1“ = b I I. i il e o by iieda
¢ s 1 trees grew only @ lower elevations than where the lcem
! i looed, shepherding his animals, ar loeking for " £ hefoes n dodl benwu [t
‘Mﬂﬂ]w’:’:ﬁ;ﬂ:m&:glm (In';ll “r'r!_ & haody was foumnd Like Spindler, Profossar Deggl spe l-‘-]-‘rf'lm.,,. ATV U v——
""IN‘-"I" ‘ the fceman had been at a lower elevacion shorly befone by i ey ciilonn
"F:i'hl-" ptend that s of the woid usgd From Oeggls observatlons, he formed s lypothests s Raefmdebo, || b dotiid plack
. V i the arvifacts was from trees thar grow ag soime predictinm SO st il gl o of
i lower elevations. He concluded that the 0 ¥ o i
» " i | 7]
ar Camnhawsn The loosumns iy bl 55 300 s bl CETTLIT W i " . 5 Oweggl realived thai he winild need more dats 1o \uﬁ:-:f‘H.u\}' SRR, S (e e
W y lcemun was probably 2 seasonal visitor to e h e v al bt inalin ik bl
| G i o el il byl g edev, | high st |1 hypothiesis He requested than he be allowed o c'-r.:r.nuvjfrh‘ 4
3 \ kg srutale t ! & ¢
| G ded = adawe Whn ik conk e [comas & ontents of the ldeman's digestive trace I all went well - i
windler absn b hssired 1 wly ¥ . 5 eslon Wiat ded e o
| 0 ey becavnt b e e 4 b e whock i 5: “"l?_‘ :_w i '[.".;':l b;h'l.l 'J][J_1 "lu'lllh'd]! study would show what the loeman had swallowed jusc 8RugS 0l
| - Tl (= elire Lne WOeTman s At fhe loeman ‘..J I\'|lf|r"' |||\ Ij !“I'l :‘_\_ -
1 W driven his herds from thielr summer bigh i . .
: mainiain pastures to the lowland valleys §
1 ey an. andd dagges and whesth wers touhlaever, the loeman soon petirped (o thed
1 vl B e DOy, y wairs Wi o el " gire b thhe
: II..IJ‘:I:J..MI.. L T Il‘ihl e oof o N L ISI| 1 Figure 10 olwior Seggl essmwwi fie loeman's bilongings wWong
Cxh WY wiratiwer { w1 the leagves erel grans Bl we Pk o his Wioe
| i
: The leemans body winl exiremely well I
1 peeservedd. Spinddler inlerred that e and wgew ;
: covered the leetan’s body shortly aftes he § |
died, Spinadler conclhuled that the keenan 1 1
died in atitumn b was quickby buried ang N
frozen, which preserved his body and all his i
i
i

6 Chmpiet | LessoniCaseShaly 7

An Early Conclusion

Radiocarbon dating and observations of the Iceman’s artifacts
indicated that the Iceman was a 5,300 year-old shepherd.
Scientists initially hypothesized that the lceman lived at lower
elevations but traveled into the mountains with his herds in
summer, For some reason, he had returned to the high mountains
in autumn and died of exposure. Have students read about the
evidence that led to this early conclusion and then ask these
scaffolded questions.

Guiding Questions

&% What are the many things that The Iceman could have been hunting fot
scientists originally thought the  food. prospecting for metal ore, or
Iceman could have been doing in thehepherding his animals.
high mountains?

> How did the lceman’s ax and other Scientists could see by the construction of

artifacts help scientists to learn moge ax that it was at feast 4,000 years old.

about the age of the lceman? Radiocarbon dating of the wood on the ax
showed that it was 5.300 yeors oid. The
wood used in the ax and other artifacts was
from trees at a lower elevation, so scientists
knew it was not likely that the lceman lived
in the high mountains.

5 How could the state of the lceman'siny signs of injury would indicate that he
body help scientists to understand might have died from a fight. An absence
how he died? of injury would indicate that he died from

exposure or an lliness.

6 Chapter1
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Engage Explore  Explain | Elaborate Evaluate

More Observations and Revised HypotheseDifferentiated Instruction

The research team working on the lceman mystery included a .

botanist named Klaus Oeggl. Professor Oeggl learned a lot at:t:n.:[g'“:“:'Ie School Boy )

the lceman by studying plant matter near the body. Have studentglave students work together to write and perform a play
read about Professor Oeggl's findings and then ask these scaf- about future humans investigating the mysterious Middle

folded questions. School Boy of the early 21st century. Differentiate the act

as follows:

Guiding Questions » Portraying Future Generatiblase AL students act

€15 What does a professor of botany ' A professor of botany studies plants. as future humans, discovering the artifacts and
St hypothesizing to whom they belonged.

C® What types of plant matter at the = Professor Oeggl studied grass from the C® Portraying Scientistiave BL students act as future
Icema?n She did Frofessor Oeggl | kemon's 3?0‘?' waod lrom 0 long bow, scientists, using the artifacts to investigate and report
study? sloe berry fruit, ond chorcool wrapped in . dd

maple leaves. conclusions about Middle School Boy.

&I Why was it important for Professor By knowing where current plants grow,

Oeggl to know about the modern-daye professor could get on idea of the O Teacher Toolb R R T T
plants that grow in the Alps as he range of the different plants and infer
worked to solve the lceman mystery#here prehistoric plants grew. This would Fun Fact

help him to determine where the lceman . : :

,m;? lived. ' g Radiocarbon DatiRgdiocarbon dating examines the

amount of carbon-14 that is in organic remains, such as

wood or bone, Carbon-14 is a radioactive isotope that f
Visual Literacy: More Observations and Revised When cosmic radiation interacts with carbon in Earth’s
Hypotheses atmosphere. Plants take up carbon-14 and the

nonradioactive carbon-12 when they perfarm
Professor Oeggl's observations about the planl materlal near the hotosynthesis. Each type of carbon is passed to ani

Iceman led him to form a hypothesis and preg . Have stu hen they eat plants. Carbon-12 and carbon-14 are aI§
read the material written in the notebook on \{ sed to animals when they eat other animals. Orgarj
these questions. 8p taking in carbon-12 and carbon-14 when they die,|
hrbon-12 does not change, but carbon-14 decays at
gonstant rate within the remains of the organism. The

{

f
( e c)o
ssicWhat led Professor Oeggl to 57 g scientists can examine the ratio of carbon-14 atoms to|

that the Iceman had been at lower elevations zg!g : ) : |
befare he diedBhe plants identified near the carbon-12 atoms in the remains to determine an organ
ka‘ceman grew at lower elevations. approximate age.
Activity
l Examining Plant PaRwfessor Oeggl learned about the
iﬁ de lceman by examining plant materials at the discovery ¢
Bring in a variety of parts from different plants, such a¢
de H%TT{ Im;;d 'é;: H’d"’l“:‘ H{::" [dn"lfﬂii’dh'd‘;‘ Ieavgs twigs, atr\:d be’;}rk Form small studgnt groups an
d0 recently been VTN gy A found w e digpedwe fracl ¢l provide magnifying lenses to each group. Instruct eac
Qe before e died becare the de fre copee. foen The wan ackually group to write a series of observations about each pla
de plants idenlifiod vear bam gowl  dg, was af lower clevations befre be part and to draw sketches, Have students classify the
o on only at lower clevations 4o died parts into different groups, based on their physical
o LS similarities.
22 f; Careers in Science
de 5 Archaeologistn archaeologist carefully recovers and
4 studies artifacts from ancient civilizations. Archaeologis
~ 1 - help us to understand the history of human culture.
Ask:What prediction did Professor | Archaeologists generally study anthropology, history,
make?He predicted that if he could sho ancient languages, art, art history, and theology.
that piants that grew ot lower elevation Archaeologists work on digs all around the world, as wi
mxs"ﬁm : ﬂﬁgﬁéﬁfﬁﬂ foe in museums, government agencies, and universities.
€D On Level @@» Approachirievel g% Beyond Level Lesson 1.Case Study 7
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Experiment to Test Hypothesis
Thie peserch teanm provided Profesor Oeggl with 4 uny
samnple from the leeman's digesthve tract. He was detenmined 1o
There iz mare than one way fodusty |y carefully to obtain as rouch formation a possible
m-' mliml Ol carefully planned his séientfie nguiry. He knew that he
T haed o work quicidy 1o avold the decomposition of the samgple

abervatians, amodel, §r A 1o el thie chances ol vontaniiatiig the smipla
mﬂmﬁm His plan was ta divide the materal from the digestive trac
peerfar 4 of thesg  Into four sarmples. Each samiple would undergo several chemi
kil cal tewtn. Then, the mamples would be examined under an
V ehectron micnscope o see 4 mary detaily as possibile
Frodessor Oeggl began by ackding a saline solution to the
<0 Tod P [irsy sample T‘fm caused it o swell dightly, muaking I vasier
%0 Jindes —— o identify particles using the microscope at a wolavively low
%‘ leeazn 'y deder s wi m.LinJJ.I.c.tu;n.hl-h- saw particles of 4 whm::rm ko 1';'
fii wclimm einkorn, which was 3 common type of wheat grown in @
§ # Ermonr e e ey :Em durlngl ;nl;umnn: 'Iiml He 2bso found other edible
[ ot materia] in the ample
‘ég 'ﬁ:::::;ﬁ‘ Oegyl novced thae lh_e wumple also contained pollen grains
L pra in the digestive wact of the lceman To see the pollen grams
<0 mote clearly, he wed o clhemical that separated unwanted
% substances from the pollen graing He washed the sample a
i few times with aleohol. Alter each wash, he exammed the
‘ umple under o microscope at o high magnification, The
pollen grains became moe visthle. Many mome microscopie
pollen grains could now be seen. Professor Ovggl identified
these pellen grains as those from 2 hop hombeam tree,
"
List thee mrisie adens Miden (s section s e Ines Dejow, ]

Analyzing Results Ervor s unavoidabie in scentific resvarch. Scamfists

| el I | |y Hmprticipated factors of accidents. a0

Pruofessai 4 obmarved that the o

biearm pnl[en‘:ﬁ:m had not been :Ih:Eanh dacumant possible souvces of aror inihes

Therefore, the leeman ot lave swallowd

thiemn within hotrs belise fis deathe i, b

horpbesm trees only grow in lowir valle

Oeggl wis confused. How conkd pullen gr Frcashan

friom trees At fow elevations be tigested S o Simkis o

withini a fow hoties of this man dving n hi -Hq-c:.::l-

wnow coveried ot Perhiaps the sam 30 & Ve wilve dds e il i

ples from the lceman's digestive tract had Hisadls ims bp-eibmns poll s

bewn comamiinated Owggl krew he nm_[ct’tﬂ ] e e e

1o investigate further iy ¥V b ke aer el sy Hesdl
gy Pl e e peserl

Further Experimentation o

Oeggl realized thay che most lkely source
of contaminarion would be Oeggl's own
laboratoey. He decided 1w test whether his lab

nt oF saline lﬂlillu\l‘l Cl'll'llljnl'ﬁ
hop-hstnbeam pollen grains. To do this, he
prepared two identical, sterile alides with =
salisne salution. Ther, on e alide, he placed W mr‘
2 samiple from the leoman's digestive tract
The shide with the um]'rJr was the experi
mienital growp. The slide withour the wmgl
wis the control group,

The indepencdent variable, ar the varable
that Oeggl changed was the presence ol 1he™0
wimpile an the slice. The dependent varlable, or
the varuable Oeggl testod, was whether hop
hurnbsedm pollen graios sbowed up on the
wliddex. Oeggl examuned the slides carefully

Analyzing Additional Resuits
The experiment shiowed that the conteol
group (the shide without the digestive tract
e contained no hep-hornbeam pollen

W hwerciore, the pollen gratns had no
g [rin Lab wqquipmient or solutions i§

Upenden] Varseke anvmsal i o bnn b el
o bl @ e
‘pkepersden| Vs dapder el it i shle

T

from the lceman's digestive ¢

¢ re-exarmined All of the samy feael

e sate Bop hormbeam pollen "0 b
Ieersan had indeed sswallowed the

beams pollen gralia Lesson 1. Cose Study 9

Experiment tedt Hypothesis

Professor Oeggl performed careful observations on the digestive
tract of the lceman to determine the kinds of plants he had eaten.
Have students read the professor’s experimental procedure and
answer these questions.

Guiding Questions

&> What was the professor looking for The professor was looking for plant
when he examined pieces of the  materials thot the lcemon had ecten.
lceman's digestive tract?

1% What procedures did the professor tisedvided the tract into four samples,

when examining the digestive tracttdded soline to the first sample, and
examined it using an electron microscope
ot low magnification. Then he used o
chemical fo separate unwonted
substances in the somple,
ulcohol, and examined it using an
electron microscope at a higher
magnification.

> Why wasn't the examination of the Sample answer: The professor did not

Iceman's digestive tract a controlledave a control digestive tract to compare
experiment’ to the lceman’s digestive fract.
8 Chapter 1

Describe Answénswers may vary.
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Engage Explore  Explain | Elaborate Evaluate

Analyzing Results / Further Experimentation / Differentiated Instruction

Analyzing Additional Results Iceman Comics

When Professor Oeggl found pollen in the sample of the Iceman'$Have students create a graphic novel that illustrates the
intestines, he performed an experiment to make sure the pollen coveries made by Professor Oeggl as he investigated th
was not simply contamination from his laboratory, His results mystery of the lceman. Differentiate the activity as follov
showed that the pollen had indeed been swallowed by the lcem

Have students review Professor Oeggl's procedures and the inlealg’ Summarizing the Stéfyve students summarize the
pretation of his results. Then ask these questions information about Professor Oeggl's observations and

experiments in their graphic novel.

Guiding Questions > Making More Storidsve students use the

% What kind of contamination did  He thought his sample might have been information they gained about Professor Oeggl and hi:
Professor Oeggl think might have contaminated by pollen floating around techniques to create a graphic novel about his further
happened? his lab.

adventures.

> What procedures did Professor Oeghib sterilized lab equipment. Then he oD driy

use to test for error? prepared and viewed o control sfide ; lIlustrating 'Fi'lE St : V'.E StLIdE!"ItS i mainlg.
containing just saline to verity that no pictures and brief descriptions to illustrate the discove
pallen was present. He also prepared of Professor Oeggl.

and viewed somples of the lceman’s
intestines and found pollen, He

re-examined the samples and still found o Teacher dolb o X TPy - O oo
the poften.

&I Why was it important for the profesSgrknowing the types of pollen, he could Careers in Science ) i .
to identify the of pollen that determine where the plants that Archaeobotanigih archaeobotanist studies the remain:
were found in the lceman’s digestiveroduced the polfen grew, which could of plants that lived thousands or even millions of years:
system? then help determine where the lceman

Archaeobotanists study fossilized plants or plant rema

9P, puich as pollen, that has been trapped in sediment.
haeobotanists need a good background in chemis
sics, mathematics, statistics, as well as plant biolog

a:éoﬁ ology.

gt eading Strategy
Linking Specifics and Generalities students work in
pairs to revidigure 2nLesson #f this chapter, which
shows the steps of a scientific inquiry. Have students

had traveled before he died,

Visual Literacy: Analyzing Results 9
The procedure to find the source of the pollen
experiment. Have students study the notes
the procedure and answer these questions. 2018

Without a control group, itlis' Ask:What were the contro discuss how the investigations related to the lceman
difficult to determine the and experiment groups inthe  UP with each general scientific inquiry step. Encourage
origin of some observatio error analysisPhe control students to record their ideas in their science journal.
group was the sterilized slide;
the experimental group Fun Fact . o
LS | | the sterilized slide with the Tracing the Origins of the Chinese Clay\Armyized
SO Control Groug: denlized <ide /| digestive tract sample. army made entirely of clay, containing 8,000 soldiers, |
<o E ol Getna: clarlized ke with e horses, and 200 chariots stands guard over the tomb |
P8 bract i i first emperor of China. This army is 2,200 years old, a
4 gl | archaeolegists have long wondered where the figures
J€ d made. Now scientists are grinding up small pieces of t
-~ -

terracotta soldiers and horses to examine pollen samg
embedded in the clay. Scientists have already determi
that the horses and soldiers have different types of po

SO Procedure: so they were likely made at different places. In fact, thi
Asl:What was the %0. Slenlize labwaim;{ equiprnent. mystery of the origin of the horses might be solved. TF
““d“.";?‘:ff:he sl » Prepare <alive dides pollen found in the horse figures matches tree pollen i
;'Lasﬁ:tmm;ﬁm e * View calive clides under election microscope soils near the tomb. This indicates that the horses wer
so the lceman must h ; e Qg Reaille o Wmm [lext . probably made nearby. Scientists have still not determ
ingested the pollen. de . A dpchs ek ‘ﬂ“'f’kﬁ m‘d!nde. | where the soldiers were made.

36 Vi e e o clciron e Rosil

de bop-rombeam pollen grame present

¢ On Level @€ Approachinicevel % Beyond Level Lesson 1Case Study 9
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Mapping the lceman's Journey

The bogr bennlbwam pollen: graim were belplol in devermining
the season the lcoemun died. Because the pollen grains were
o Whole, Professor Ol indrared that the feeman ywallowed the
pollen grasns during their blooming season Therefore, the

knewledge of experience, |  leemsan munt have disd betwesn March and |une.
Inferences can lead to |
predictions. hypetarse. o After additional Investigation, Professoe Ovggl was ready 1o
cengiusion. miap the loeman's findl trek up the moumain Because Oeggl
knew the rate at which food travels through the digestive
wystem be inferred that the loemun hed caten theee times in the
-3 final day and a hall of his lfe. From the digestive tract samples,
e shinf i ol De_gnln.mrdwhrwllwhﬂmnhnh#.niuhﬂ.!hr ne
[ A S I I o the keemasn ingested pollen grains native to higher

meumtain regions. Then he suallowed hop hombesm pollen

L T bk d grains from the lower mountain regions several hours laer 1o,
whck: Hm derzanpes the loeman swallowed other pollen grains from ooy of igher

wler snlbrd o be plood  prcwiniain areas again Oeggl ey the leeman traveled Bom

S0 bl e v o fier bews w1 southern region of the lalian Alps 1o the higher, nonhem

SO ey bl e ek region 13 shownd Thahiere he died uxddmby He dad

20 Prudckn The ke ded e this a1 in 4 period of abocs 33 heurs

& qaghe i e

1y v g the
conbets OF Pw ke o
dipeilive Bact, Profesam Oeg
i nbile Yo reconsiiecl the
oo’y Lawt oy

0 Chagier |

Conclusion

Researchers from around the world worked on dilforer
of the leoman mystery and aharod thetr sesults. Analysis
lewman's hatr revealed his et usually contained vegetal
mcat. Examining e leeman's one remaining Hogernall,
wintn deverminod vhae be lud been sick three times within the
Rast aix bt of luw e, Xrays revealed an arrowhesd 1

she beeman's left stouleder. This suggested thia he died ( e P,
serious inpary rather than from expostire, s frwn b b courey o
Fnally, séienusts concluded that the leeman taveled | higgs Al b s ek
high alpine region in spring to his native village in the lo wmlnwlabo, bo alwbd
valleys. There, dustrg & conflien, thee lesman sustated 4 e sowninenie, sy i v |
inflary. Hee retreated back vo the higher elevations, where permancrd € wivss b ded ol

died. Scientists recognire their hypotheses can never e
ofilv supported of hot supported. Howewet, with advane
wechinology, scientists are able to more thaughly inwvestigae

mysteries of naure.

Lesaan 1.0 Sudy 9

Mapping the Iceman’s Journey

An inference is a logical explanation based on the informatiofiigune 15hows the hypothesized final journey of the lceman, fron

Visual Literacy: Figure 11

is available to the scientist. After Professor Oeggl gathered ifdew alpine valley to the high mountain region where he was
mation from the Iceman’s digestive system, he was ready to #Rafd. Rifessor Oeggl used evidence from pollen in the Iceman’s

inferences, or provide an explanation, of the Iceman'’s final jodi@ggtive system to create this map. Have students study the maf:

Guiding Questions

& What is an inference? An inference is a logical tion of an
observation that is drawn from prior
knowledge or experience,

CI» What inference did the professor  Knowing the rate at which food and

make after ng the plant pollen decompose ofter swallowing, the

10

evidence in the lceman’s digestive professor inferred from the plant
system? evidence that the lceman ate thres time
on the day he died.

wmtcanrau infer about pollen att@omple answer: | can infer that polien is
reading all of the evidence about thpecific :aams of plant and con
lceman? remain ident S thausafvbors

Chapter 1

and answer these questions.

Ask:What do the green spots on the map

mw:
contain the types of plants that produced the polien
found in the lceman’s digestive system,

Ask:Where did the lceman’s last journey likely
begin? What evidence led to your conclé

Jjourney began in the alpine valley near the current
Juval Castle. There was evidence of polfen from
plants that grew only in this region.

Scanned by CamScanner
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Conclusion ’ +
Research on the lceman and the artifacts surrounding him helped eacher Notes
scientists to understand how he died. Scientific inquiry often

occurs over years and years, as different scientists test different
hypotheses and adjust old conclusions. The story of the lceman
shows that science is an active discipline that assembles many
pieces of information to obtain the most accurate conclusion
possible.

Guiding Questions

How did scientists solve the mystergpfony scientists studied artifocts, tested

of the lceman? different hypotheses, and analyzed data
to come up with the most logical
conclusion.

&» What evidence in 2002 led scientis# radiological investigation revealed an
to revise previous conclusions abowutrrowheod under the lceman’s left =
the Iceman? shoulder, indicating that he had died from
an infury and not exposure. —

I» Do you think that the mystery of th&ample answer: No. Scientists might
Iceman has been completely solvediscaver even mare evidence that will
Explain. help them to revise their conclusion to

make it more occurate.

€5 On Level €& Approachirievel & Beyond Level Lesson 1.Case Study 1M
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I Use Vocabulary
ua 1 1, A factor that can have more than mws Swnrrmi;ﬂlt i the flow chan below
vls lue It value s alnl s sutnumarteing the sequence of acientific

hat was used th one parn
2 Ditferentisterwesn independent and Y PR
dejiendent varables of the case study

| LA

6. Esplainthut is the significance of the

“ _I tand Key Concept hop hornbeam pollen found in the
Sceniilc inveslgations oflen DewisS dentiflc irvesSgeions my s lceman's digeutive tracy!
witen Someone S5k 4 quastion  diprove eady ypoteses ot 3. Which part of schentific inguiny was
A0 somesang observed in CONCRSONG. NOT sed in this case study!
A Draw conclusions
B. Make olnervations Critical Thinking
€ Hypothesbro and predict 7. Formulateoro questjons sboist the

W D. Muke 3 compurer miodel. leeman. What would you wint to know
ext?
4, Determinahich s the control group

and which s the explerimental group in
the following scenario; Scuentists are
testing a pow kind of aipirin w see
whether it will relleve Ieadaches. T'Iu" Evaluatiic liypuotheses and conclusians
tve oo group of voluiteers the aspirin matde during the study of the loeman
They give another group of voliustests Do you sce dnyihing Ut might be an
pills thia look llke aspirin but are assumprion! Are there holes in the

r,l. How 208 mcepmTden] vatibles and oo vetated T

| actually sugar pills research?
| 2. Haw b sctentitic lgulry wsed in & feal-lite schentitie nvestigation? l !
| "’"ﬂg%
i .
_ i3
1 Chagztes 1 Leswon | Caie Stuly 13
W Interpret Graphics
5 Sample answer: Observation-The construction of the ax

« The independent variable is the factor a scientist chan
to observe how it affects a dependent variable. A
dependent variable is the factor a scientist measures o
observes during an experiment.

« Scientific inquiry was used throughout the investigati

qgglcates that it is at least 4,000 years old; Prediction-If the ax
000 years old, the body found is at least 4,000 years old;

d est Result-Radiocarbon dating showed that the ax was 5,30(
ars old; Conclusion- The lceman died around 5,300 years

(= hop hornbeam blooms from March to June and it only
the Iceman when hypotheses, predictions, tests, anal ws in lower elevations. Because the hop hornbeam was st

endGonclusions:were developed. intact in the lceman’s stomach, he had to have died in the
Use Vocabulary spring when the hop hornbeam blooms.

1 variable Critical Thinking

2 The independent variable is the factor a scientist wants mmrnple answer: Who shot the Iceman with the arrow? Why wa
The dependent variable is the factor a scientist observes ory, lceman shot?

measures during an experiment. A scientist changes the am :

: : ple answer: There is an assumption that he died from an
l“d?%‘;’”de"t variable to observe how it affects a dependeﬁ njury instead of exposure to the elements. Could both have
N been a factor in his death? A hole in the research is who shot

Understand Key Concepts the arrow and why.

3 D.Make a computer model.

4 The control group is the group given sugar pills. The exper
mental group is the group given aspirin.

12 Chapter1
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Dt Boermuan's Last Journey 1o cotliom thie the
Hin Highness Sheikh Mohammed Bin Rashid
Sbakovesunry vhar “thene & soomething b ar
cark dunes®

—I 1. 25:ruq A1-Hadid Study M

: 2 The Ideniity of the body was 3 myktery, w
Discover the area of Saruq Al-Hadid iy awaanpt o aid there wete also o
His Highness Sheikh Mohammed Bin fushid Al Maktoum about the Sanug AlHadid area

watched as he flew by helicopter over the Sarug Al-Hladid area . a R L L BT

vichuch lies on s spectacular disent landseape of southern Dubal on

the porthern edge of the Gres Rub al- Khali desert, with sandy

duties with different colon from ity desert sarroundings, | binme Eipure 81 locelioR of thi- Sariey Atk within o

sl comet 18 ble ind chis there. ks sesbing aldde by Wonteriul desan nature anthe seuih of Busal, o

t ark dunes and be decs 1o retatrn 1o the region - m 2002 Lhe ittt soge of e Griest Bubs AL Khall g
accompanied by 2 group of world and lecal anchaeologism who i

sssured him that 1t was 3 historical monument area. where Arab

wribes lived 5000 yoars age

The wentity ol the archasological location  was 3 mystary
with tneny sssmptices about the lacation, so meny experiments
were required (o remove the miystery of the identay of this
archarological location. His Highness, sciemtises ancl the public
wanted 10 knevw the age ol this arrhssnlagical location with wha
kind of living organisms bud lived i this era, snd what else could
be found in the srchaeolegical location

[Figuerm Bils Highness Shehs
Maohamiied Bif R
groiip from the af
T T A—

Identifying Variables and Constants

T —

—

g

oo

Hewed Hhgubees
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]
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i
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]
]
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Leason | Baug AlHadd Sty 17

An Early Conclusion

Radiocarbon dating and observations of the Saruqg Al-Hadid arti-
facts indicated that the Saruq Al-Hadid was a 5,300 year-old shep-
herd. Scientists initially hypothesized that the Sarug Al-Hadid was
gust a kaind of sand but they discover its the Way of Iron. For
some reason, it was covered and he shainging in the wither it make
this area come out Have students read about the evidence that

led to this early conclusion and then ask these scaffolded ques-
tions.

Guiding Questions

1% What are the many things that differnt answer
scientists originally thought about

Saruq Al-Haditd

How did thBaruc Al-Hacdadd  scientists could see by the construction of

other artifacts help scientists to leathe lron Swords that it wos ot leest 4,000

more about the age of the Saruq Alyears old. Rodiocarbon dating of the fron on

Hadid? the Swords showed that it was 5,300 yeors
oid. The lron used in the Swords and other
artifocts was from lron of o lower elevation,
50 scientists knew it was not likely that the
Sorug FHodid ved in this place.

&&Id How could the state of the objects fram the web said
help scientists to understand how the

place begain

16  Chapter1
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More Observations and Revised HypotheseDifferentiated Instruction

The research team working on the lceman mystery included a .

botanist named Klaus Oeggl. Professor Oeggl learned a lot at:t:n.:[g'“:“:'Ie School Boy )

the lceman by studying plant matter near the body. Have studentglave students work together to write and perform a play
read about Professor Oeggl's findings and then ask these scaf- about future humans investigating the mysterious Middle

folded questions. School Boy of the early 21st century. Differentiate the act

as follows:

Guiding Questions » Portraying Future Generatiblase AL students act

€15 What does a professor of botany ' A professor of botany studies plants. as future humans, discovering the artifacts and
St hypothesizing to whom they belonged.

C® What types of plant matter at the = Professor Oeggl studied grass from the C® Portraying Scientistiave BL students act as future
Icema?n She did Frofessor Oeggl | kemon's 3?0‘?' waod lrom 0 long bow, scientists, using the artifacts to investigate and report
study? sloe berry fruit, ond chorcool wrapped in . dd

maple leaves. conclusions about Middle School Boy.

&I Why was it important for Professor By knowing where current plants grow,

Oeggl to know about the modern-daye professor could get on idea of the O Teacher Toolb R R T T
plants that grow in the Alps as he range of the different plants and infer
worked to solve the lceman mystery#here prehistoric plants grew. This would Fun Fact

help him to determine where the lceman . : :

,m;? lived. ' g Radiocarbon DatiRgdiocarbon dating examines the

amount of carbon-14 that is in organic remains, such as

wood or bone, Carbon-14 is a radioactive isotope that f
Visual Literacy: More Observations and Revised When cosmic radiation interacts with carbon in Earth’s
Hypotheses atmosphere. Plants take up carbon-14 and the

nonradioactive carbon-12 when they perfarm
Professor Oeggl's observations about the planl materlal near the hotosynthesis. Each type of carbon is passed to ani

Iceman led him to form a hypothesis and preg . Have stu hen they eat plants. Carbon-12 and carbon-14 are aI§
read the material written in the notebook on \{ sed to animals when they eat other animals. Orgarj
these questions. 8p taking in carbon-12 and carbon-14 when they die,|
hrbon-12 does not change, but carbon-14 decays at
gonstant rate within the remains of the organism. The

{

f
( e c)o
ssicWhat led Professor Oeggl to 57 g scientists can examine the ratio of carbon-14 atoms to|

that the Iceman had been at lower elevations zg!g : ) : |
befare he diedBhe plants identified near the carbon-12 atoms in the remains to determine an organ
ka‘ceman grew at lower elevations. approximate age.
Activity
l Examining Plant PaRwfessor Oeggl learned about the
iﬁ de lceman by examining plant materials at the discovery ¢
Bring in a variety of parts from different plants, such a¢
de H%TT{ Im;;d 'é;: H’d"’l“:‘ H{::" [dn"lfﬂii’dh'd‘;‘ Ieavgs twigs, atr\:d be’;}rk Form small studgnt groups an
d0 recently been VTN gy A found w e digpedwe fracl ¢l provide magnifying lenses to each group. Instruct eac
Qe before e died becare the de fre copee. foen The man ackually group to write a series of observations about each pla
de plants idenlifiod vear bam gowl  dg, was af lower clevations befre be part and to draw sketches, Have students classify the
o on only at lower clevations 4o died parts into different groups, based on their physical
o LS similarities.
22 f; Careers in Science
de 5 Archaeologistn archaeologist carefully recovers and
4 studies artifacts from ancient civilizations. Archaeologis
~ 1 - help us to understand the history of human culture.
Ask:What prediction did Professor | Archaeologists generally study anthropology, history,
make?He predicted that if he could sho ancient languages, art, art history, and theology.
that piants that grew ot lower elevation Archaeologists work on digs all around the world, as wi
mxs"ﬁm : ﬂﬁgﬁéﬁfﬁﬂ foe in museums, government agencies, and universities.
€D On Level @@» Approachirievel g% Beyond Level Lesson 1.ZLase Study 17
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An Early Conclusion More Observations and More Cbhservations and Analyzing Results
Revised Hypotheses Revised Hypotheses

Figure W ne srcheclog) i sxesmmmd o colection of aifects fourd
at b i abionn o thue S ey Ad Macid

Figguire Whnse srtilacth arid ssinoin wiere lund
at [he lescalion of e Sandy Al Hadkl

Saruqg Al-Hadld,

Lemnciei 1. i A Hsdlid Stucy 19

m Chagrier |

Mapping the saruq Al-Hadid Visual Literacy: Figure 11 |
An inference is a logical explanation based on the informatiofigife 18hows the hypothesized final journey of the Iceman, fron
is avallable to the scientist. After Professor James gathered iffésw alpine valley to the high mountain region where he was

mation from the Saruq Al-Hadid , he was ready to make infer&ed, Rifessor Oegyl used evdence from pollen in the lceman’s |
or provide an explanation, of the Irelation ship betwwen the Sigggtive system to create this map. Have students study the ma|

Al-Hadid and the wider world . and answer these questions.
Guiding Questions Ask:What do the green spots on the map
representThegees s that
&% What is an inference? An inference is a logical explonation of an | contain the types of plants that produced the pollen
observation thal is dravn from prior found in the Iceman’s digestive system.

knowledge or experience.

&5 What inference did the professor  Knowing the rate at which food and
make after stud-,'in? the animals  pollen decompose in the artifacts , the
evidence in the artfacts that found imofessor inferred from the animal
the area? evidence that the warkers have these

kind of food.

> What can Tou infer about pollen aftéomple answer:
reading all of the evidence about the
Sarug Al-Hadid 7

Ask:Where did the lceman's last journey likely
begin? What evidence led to your conc ?
Journey began in the alpine valfey near the clrrent
Juval Castle. There was evidence of pollen from
plants that grew only in this region.

18 Chapter 1
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Conclusion y 1
Research on the Saruq Al-Hadid and the artifacts surrounding it eachner Notes

helped scientists to understand how the place grow . Scientific
inquiry often occurs over years and years, as different scientists
test different hypotheses and adjust old conclusions. The story of
the Saruq Al-Hadid shows that science is an active discipline that
assembles many pieces of information to obtain the most accurate
conclusion

possible.

Guiding Questions

& How did scientists solve the mysterplony scientists studied artifocts, tested
of the Saruq Al-Hadid? different hypotheses, ond onalyzed doto
to come ugp with the mast legical
conclusion.

D What evidence in 2002 led scientist radiological investigation revealed on
to revise previous conclusions aboukrowhead under the Sarvg Al-Hodid left
the Sarug Al-Hadid ? shoulder, indicating that he had relation

shap between it and the wider world

I Do you think that the mystery of théample answer: No, Scientists might
Sarug Al-Hadid has been completelyiscover even more evidence that will
solved? Explain. help them to revise their conclusion to

make it more accurote,

¢ On Level ¢ Approachirievel % Beyond Level Lesson 1.Lase Study 19
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Key Concepts Summary

Study Strategy: Sentence Scramble

Most students enjoy playing games, which make games an ideal

tool forstudying. Many games, like the sentence-scramble game

described below,can be adapled to the classroom.

1. Tell students to choose five different Key Concept statements
from thischapter.

2. Have students make a chart like the one below. In the first
column,they should scramble the words of the five Key Concept
statements they chose.

3. Ask students to exchange charts with a partner. Students
should unscramble the sentence in the first column and write it
in the second column.

Example:

Scravbled Sevdence Conecled Sevlerce
ovaluale thal mean dalislical —— Mean, median, mode, and
racdian <cls mode and range are range are daliical
calcrdations are weed o of dala  caleulalions fhat are weed

{0 evaluale cls of dala

‘2 Vocabulary
Study Strategy: Self-Assessment

It is important for students to know how to identify concepts and
terms on which they should focus when they study. Having

students work In pairs to quiz each other can help students do this.

Students can use this activity to find out how well they know this

chapter's vocabulary.

4. Have students form pairs. Each partner will take turns reading
the definitions of the chapter's vocabulary from the Glossary.

5. The partner will then try to identify the term that matches that
definition.

6. Tell students that if they did not correctly identify a term, they
should write it down in their Science Journals. Next to each
term they did not correctly identify, they should write the term’s
definition. They can use a chart like the one below.

Example:

Detintlion
a nule [hal desgribes a patiom in value

Tenns lo Shudy
sienlitic law
ariaple

Levels of Questioll] Concepl®: Applicatiof®] Text-Dependent ReadEjScience Performance Assessiiirihtegration of Content and Process Standards

22 Chapter 1
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Engage Explore Explain

(1] 9, A ‘w = '
1. Which hest describes an independent varld
A Itis a inchor that ls not in eveny teat
B Itis o factor the iwestigator changes
€. |bis & factor you measune during 2 best
o. lIlJ‘!LH fUEtel ihat sty the same in every

9 TheBIGIdea

5. What process do ll:llln!lm. use o pardorm
soeniific inveshigations? List and axplain
thies of the: akill= krabeed.

Critical Thinking

mmnaﬁmnu
tried to use all the skills of st a:muu]r;ln'he
same andes in every imestgaton.

5. Assesthe fole of measimement uncertainty in 3
ewestigations,

Evnhumtine af fhaving & cantrol
groug in a scientfic gation

24 Chapter Nevies

¥y ool

Understand Key Concepts
1 C. Make a model.
2 D.range

3 B.Itis a factor the investigator changes

Critical Thinking

4 Sample Answer: Scientific progress would slow down
because scientific testing would contain unnecessary steps.

8 The pink dye is an indicator that gives scientists a reference

5 Sample Answer: Because measurement uncertainty is
unavoidable, it must be correctly communicated to others
and managed.

6 The control group reveals whether the experimental observ
tions are a result of changing a variable or not.

Review
7

scientific inguiry; devising a testable hypothesis-If the
hypothesis is not testable, it is of little value. devising an
experiment to test the hypothesis-If the experiment is not well
thought out, the results might have little value. drawing
reasonable conclusions-If the conclusions do not make
reasonable inferences from the data, they have no value.

point to measure. The movement of the pink dye shows the|
-movement of the ice.
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1
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Technology and the Design | _
Process ’g ‘*”"’:‘%

a: TheBIGIdea wﬂg ﬁ’

There are no right or wrong answers to these questida# )e
student-generated questions produced during the diZ@lés=f6n on
chart paper and return to them throughout the chapter

Guiding Questions

% What are some ways you use Possible
technology? smartphones to walch videos or to listen
fo music or e-reader or a inblet o read
boeks, Use this question lo help student
255 for no

answers may inciude

e
S

develop a greater aw
wpacts individuals at home,

i school, and at work

technology

1% What do you think of when you heafPossible answers may include computers,
the word technology? hybrid cars, artificial imbs, or GPS

n technology. Use

§ Student under

meoning of technology.

IS question

wevelivnes ol 1h
stanaing of tne

hle answer ma

1% Why does technology keep changingd2sit

D with new ideas lo do something
L. Use this question lo help
dents consider the forces that drive

oW .,"!_-5.'5,'.';-, in techinology.

Mt
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Explordctivity

How can you use magnetism?
Preps minClassi5-20 min

Purpose
To distinguish between science and technology

Materials
Per team of 3 studemtsiety of magnets

Before &fu Begin

Assemble a variety of magnets, such as refrigerator magnets, small
horseshoeshaped, or bar magnets, and devices that use magnets
such as a compass. There should be encugh magnets that each
team can observe and use several different shapes.

Guide the Investigation /:

« Have students use pairs of magnets to determi
materials the magnets will and won't stick to.

. . . f

» Encourage students to brainstorm ways in whigh
accomplish tasks. Students may begin with w.
are already used and then come up with idea ir own.

Think About This

Students may not know the answers to all questions. Encourage

them to hypothesize.

1. The knowledge that metals can be pulled into the shape of a
wire or bent into different shapes without breaking.

2.The inventions are all based on the scientific principle of
magnetism. The use of the magnets is a product of creativity.

¢ On Level @@y Approachiricevel ¢ Beyond Level Lesson 2Tools ofdchnology 29
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z 1 R i
-1 REVIEW
Energy

How would you deftne energyt The word emergy comes Tron
the ancient Greek word energos ti |
ably have used the word enerpy In the ame wor
e a Jot bl energy, what does thiEmengis the

it chahge. For example, you use energy when 3

which means acti

whr

1ol a blevele by pedaling faster or
cow. The enprgy (0 @ thunderstorm produ
#Rigure Avhich lighes up the sky and produces heered

an rattle windows

rgv cloies ot unually exise naturally in 4 form b
ectly wse For example, coal 1s 3 source of «

n to b processed. Technolegy mu
w the enetgy in the coal, H|
echnoliglsts are always looking lor new ind beiter wavs 1o use i
CTETRY MOSIces i i
i i
1 i
; :
i i
i | [
_.‘;!::l'- | Chec! 1 i = — e
i TN i Enery i H 1, How di6 st e arh) e iy @ onmeited?
! |
: H
H |
1 !
i ] i
¥ Drrte | - i
¥ Lisi the main 10 [reva—— 1 :
{ 1
1 ]
i :
H | 4. Whant technologicel felources e nesdsd o create e bechnelogies?
1 |
M i |
! |
- —
MW Chagher 2 Lol Leasen 2 Took of Tectnulogy 37

Write the word energy on the board or chart paper. Have stud

skim the paragraphs to find the definition. Push a chair to changeinformation needed to complete this graphic organizer can b
its position. Explain that energy was used to change the positinihd in the following sections:

of the chair. Direct student attentiigure Znd have them « Science and Technology

read the caption. Discuss the energy released by a lightning bq'tTechno!ogy Resources

and the change it can cause when it strikes a tree or building.

Guiding Questions

1% What is an example of energy?  fire
Reading Checlhat is energy? the ability to couse change
&I» Why is it important to find new  Energy resources usually need to
technologies to use energy resourcés?processed in order for humaons
to use it. Humans consume so
much energy, finding efficient and

clean ways to provide this energy
Is important.

Describe Answéitudent answers will vary.

36 Chapter 2
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Evaluate

Interpret Graphics

6. Summarkzssopy andd O in the graphlc
organizer listing the resources needed
fine technology

Use Vocabulary

1. Definessouor in your own words

L The ability to do work i
3, Use the termcdinslogy (0 4 sentence

7. Explainvhy the tvpe of resource
shawn below i important in developing
rew technology.

Understand Key Concepts

&, Which material nesource s found in a
plasuic voy?
A manufsetuned materlals

8. prucesed materlals

C. raw materials
D, syiithetic marerials

6. Discushow one techiology has
changed in your liletine

Critical Thinking

B, InterWhy L shill iinportant when
creating tochnology!

|
I

\¢
i

;l;..
L]

8. inferviu could happen I no one
uniderstomd the whience belind 3
wechnology they used!
o
3
Use Vocabulary

1. A resource is something that gives help to a system |
can be a resource.

2.energy

3.Technaology is anything and everything we design and use t

get things done.

Understand Key Concepts

4.D. synthetic materials

7. The image represents capital or money. Capital is needed to
o a#ﬂ:‘:‘w other resources and to hire people

Critical Thinking

8.Skilled people make better use of resources (less time, less
wasted materials, etc)), and the products they produced are o
Obetter quality.

9.People would not have the knowledge needed to maintain or
improve the technology.

5.Accept all reasonable answers. Possible aelvesioh has
changed in my life time. The TV signals used to be sent as
analog; now they are digital. TV sets used to be big and heavy

because of the picture tube. Now TVs are lighter and

Interpret Graphics

thin

6.information, tools/machines, capital. energy. materials, time

38 Chapter 2
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Materials
and Their Properties
What are the properties of iumll
materials? & E,.. i
Technology on the esigns b vehicle, bridgel o Building, iR How are matorials
Slopeshe you know that uction must be seleeted to match i mu”m"!;ml.
oo, =T il @ MAnuinciuring [ el s i « Why are materials
. ¥ modified 1o change
ENECRn the properties”
1 Read and coseis s lob safetiem « How are matersals
1. Usingangshold s 5-cm plecamsl wire in sliablserse SR
e
3 ‘4 Vocabulary
4. physical
oo S
your observations Jou € ¥ 3 mm
Think About This L)
1. Compare and contrast the flexibibty of the tw NEFETY
|
1 Ghﬂ,
[N rtl

INGUIR L4 LABManager

About the PhoRechnology on the Slofeswboards are )| the labs for this lesson can be found in the Student Resource

built with different properties based on the type of snowboagiéng@hook and the Activity Lab Workbook.
the rider wants. The snowboard designs are tested and adjusted

to achieve the desired results. Explain that humans are essef

in making sure technology works efficiently. Have students a GEFSSEITIIEH Questions

the following questions. After this lesson, students should understand the Essential
! Questions and be able to answer them. Have students write
Guiding Questions each question in their interactive notebooks. Revisit each
€% Why does the snowboard slide oved combination of gravity and the smooth question as you cover its relevant content.
the snow? polyethylene plastic surfoce aliow the

snowboard to easily siide over the snow )

Use this question to begin discussion of (G VocabUIary

he : orties of the snowboord el P4

Ifj:ltdjlr.:lrﬁ.‘-;(nr:lfrn_ur_ rties of the snowboord Bi=a Associations
Associating words with images can help students understand ane
recall scientific words.

&I» What other products do you think afessible onswers: bathtubs, car bodies, 1. Write the word physical on the board or chart paper. Hold ug

made of fiberglass? outdoar furniture y .
e e T a pencildsk: What are some physical characteristics of this
> What considerations do you think afessible answer. friction reduction, pencilhard, yellow, smooth
mﬂdeb\'\'he;;hoﬂsmg material for fgﬂfﬂgmf}'— HL"T_DW?’- :Jt‘flb'-!f}‘-{j10ff”¢55 Explain that these characteristics are called properties becaus
snowooardas se s question (o nelp stuaents 1 ! : :
analyze the importance of materials in they belong to the object, but in a different way then we think
the design of o product. of a person owning a house. Use a few examples comparing

the two uses of the term.

40 Chapter 2
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When thinking about a material's physical, chemical, or

mechanical properties, remember that the properties describew
the characteristics of the material.

2.Have students add the lesson’s vocabulary words to their

Science Journal. Remind them to write the definition after
each word as they read the lesson,

Explordctivity

What are the properties of materials?

Preps minClass15 min

Purpose
To investigate how metals may respond to fast and slow
temperature change.

Materials
lab burner, tongs, several beakers of ice water, 18-gauge steel wire

Guide the Investigation

« Point out that both wire pieces are heated to the same
temperature, so the only variable is the rate at which they cool.
Remind students that heating metals to high temperature and
then allowing them to cool occurs in engi b
elements.

« Ask studentshat happened to the atoms in
was heated. The atoms began to move fast
relationship to each other changed and

» Ask studentshy cooling quickly might not2P ore he
flexibility to the metal wire. The heated atoms were not given
time to return to their original stable position.

Think About This

1. Before heating, both wires were somewhat flexible, After being
heated, then cooled, the wire that cooled slowly was still
somewhat flexible. However, the wire that was cooled quickly
became brittle and snapped easily when bent.

€ On Level @ Approachinkevel ¢I% Beyond Level Lesson 2.2Materials and Their Properties4q
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Types of Materials

Materish can be

ified by how they originatml Somme
organi as wood aid cotton, comw from living
anic materiale such g metal and rocks, come from
posli. Bach maverial type has umiguie properches Kt
make ®ouseful 02 wide ange of applicanions

Wood

Chne (o the most cottmon mmatesiale o] D hiomana ks wood

1o bifld howses, mitke wys and ol

thilngi

mineral

o roes. Wood s

rrowide foel

ture, and to §

Polymers

Polymenso minrad o svomcefactored seseterinls oo of
pll. repicat v e il ermroisdmerFro
amipke of a matural polymer. One example of a
nunufsetured polvmer is plaaics By clianging the humber,
™ and of the monomer in a polvmer, the properties
rge Such changes can resul in a neady
it t of polvmers, each with a uhhgue set of chemical
and physical properites. Somie polymens s s Figureiso,

O] O o8

s ane al

Plastics
Many widely used products are made of polymers commaonly
alled plast 1 g, waler| ool

hardhware.
at high tem
sprepeerarure, claoey, and

and

pPerdiure - g
Desibiliiy are propertbes of plastic thet felaste o te compegition
of the palymes

|

Figrare M e e 13 .
ety S = p— .

e |

] |

U ‘

4 ]

g

a4  Chagier 2

Types of Materials

Write organic and inorganic on the board. H
materials that fit in both categories. Create a €4
interactive whiteboard as the materials are ident
and contrast the properties of selected items.

Word Origin
monomer

Ask: What two Greek words make up the word mbfmmuer?

Composites

The bodies of sutomobiles once were made entirely ol metal

oy was beavy and nusited

¢ sdvancemmem

bexchies are now made from a vy
praites Aompositmaterial o mon

rupterials o e b tharr

ot mo

Ll bodiesT
rust reshtant.
such as boats

e
allcry oo

g \_‘-'.!I"ﬂ
et ? ‘

This muke
useful inside

25 shown Fgure 11

7 broken horves

T U —

Lesson 2 Blaterialy andd This Propetieal

Possible answers: build houses, make
toys and furniture, make pencils

ified. Compa& What is the relationship between Polymers are made up of repeating

polymers and monomers? malecules called manomers,
Reading ChecWhy are there so  Changing the number, type, and position
many types of polymers? of the monamer changes the properties

of the polymer. Such chenges can result
In a large number of different palymers.

means one and meros meansidrtTogether, what do these Plastics

two Greek words mean® part

Wood and Polymers
Direct student attentioRigure 1@nd have them read the

Plastics are widely used for many products because they have
desirable properties. They can be lightweight, waterproof, strong,
and inexpensive. Transparency, melting temperature, and flexibilit

caption, Have students identify the items. After students rea
two paragraphs, discuss with them what makes polymers dif
Use the questions below to assess students’ comprehension

Guiding Questions
&> What type of material is plastic?

er. Have students read the paragraph and identify the
rties of plastic. Then have students identify products in the
tlassroom made from plastic.

c}g roperties of plastics that relate to the composition of the

a polymer

]» What are three properties of plastichelting temperature, clarity, fiexibility

» What defines the properties of a
particular plastic?

44 Chapter 2

compaosition of the polymer that makes
up the plastic
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Ceramics

Thits grontp ol matetials i simiblar to alloys in that they are
mxtures that are produced to achleve desired properties
Ceramics are made from diied ¢lay or clay like material The
clay v imilded, ax showRigure 1@ ben heated 1o a bigh
EEmperALUTe i ap ovien 1o creale the findl producy. Ceramice
are strong despive thelr brivdeness, The propesties of cetamio
can be customized for 2 wicle variety of applications such as
wandpapot, pottery, dinmerware, and materisls used 0 furnaces
Jind space shiuttles.

3
4 -
& How are ceramics and alioys sissiarT

Figure 1 sty comaem |

malerisis werw e hoth cay |

hunt e Pt e s -
SHtg, tgid Feleiel

J Lt B masn dean from Hhis Rechon in tha (s bl \ l
¥ (]
‘ i

Ceramics
Have students read the paragraph and cafiguris12Then

physical properties of ceramics.

Guiding Questions
1> What materials make up ceramics? dried clay or clay-like materiafs

Reading Cheddow are ceramics  Ceramics and alloys are both mixtures

and alloys similar? designed lo produce desired properties.
&5 What process causes the clayto  healing the clay

change from a material that can be

molded to a material thal is strong

and rigid?

Visual Summary

Concepts and terms are easier to remember when they are
associated with an imaigs: Which key concept does each
image relate to?

46  Chapter2

T

have students share their experiences with making ceramics Phe information needed to complete this graphic organizer can
familiarity with ceramic products. Have students identify the found in the following sections:

Al naleflan Neve Ehysicsl,  Meany tyDes of PLrlensl Suen S5
chigenieal, and mechancal pistics an Sioye, are wsed in
ploperties. Thess propertkes  msks peoduces. Esch matess) Bas
dEtermings M cetuneas of  usepes prDEesrtes 1Nl s (s
the matenaks fud 10 @ e ange ot bmif_lmnl

| S

e

{1 How are materisls selecrsad don 8 gesgned proouct?

|
| AW mie materiils modited 1o change el Droperse:® ‘

b |
| .I
} S—— |

it

=

Leasce 7 Mhatveias st Thes Pagpeitis oy

« Physical Properties
« Mechanical Properties
« Types of Materials
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Use Vocabilary Interpret Graphics

1. Aln}
that de
e

ix 4 chara

i erTTiines

Understand Key Concepts

&, Which does NOT lave modified
propert e
A allowvs C.
B. ceramics

5. Explalhow vou would clawmily 2

metals

0. polvimen

metah

48  Chaptey 2

material thal contains & imiviure of thive

terinil. Anabyzd eonlle strengih oa measuie of

how a matendl re

ing stress an olbjedct

1 breaks, Using the
graph, which ma 1 should be
comsidered for a produ
the highese vensile suength!

——
7. Summarize trbetion Copy the

graphic organirer below 1o glve
2 [ the ot properties used

acts tothe amount of pull

thstand be

that must have

-
I
I

mial s il

Physical properios

Chemical PropeTies

Maechanical propen s

Critical Thinking

B you were

desigring 4 skyweraper i an
poris, whal proportles would
ahirgd matetbals nesd?

B S r—

i

[+

Use Vocabulary

1. mechanical properties

2.Alloys are mixtures of two or more metals.

Critical Thinking

8.The materials would need strength to support the weight of th
structure and flexibility to withstand the forces generated by |

the earthquake

3.Possible answer: Physical property Is a characteristic that can
be observed or measured without changing identity of the

material

Understand Key Concepts

4.C.metals

5.The mixture would be classified as an alloy because an alloy is
a mixture of two or more metals.

Interpret Graphics

6.material 1

:
Properties Examples
Physical rti Possible answers: conductivity,
e p— density, melting point, solubility
Chemical properties |Possible answers: ability to
burn, ability to rust
Mechanical propertieq Possible answers: strength,
1elasticity. hardness, fatigue
48 Chapter 2
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2 . 31'he Design Process Explore Activity

QLAY
takes a team.

How can you build a better
mousetrap?

s A L
o wherachr asleivor

Think About This
1. Would peoplo e willing 10 By you n=w procsuct™ Wiy o
4. hthere any product that cannot be improvedT Explain
i
'
-' :
- W hpt steps do you think would you have o take before yoll
2 .'g'bdfl 1l .||;|J- ol your invention?
"
A

%) Essential Questions

About the Pholbtakes a tearhlave students discuss times After this lesson, students should understand the Essential
when teamwork is needed. Make a connection with the team®&agstions and be able to answer them. Have students write
needed in sports to the importance of teamwork in solving each question in their interactive notebooks. Revisit each
problems or creating a new product or in certain jobs, like  question as you cover its relevant content.
firefighting. Ask the following questions.
7.1 Vocabulary
, . Compound Words
e this question to begin discussion on - Compound words are formed by combining two words that form
new meaning when placed together.

Individuals sharing ideas
1. Write the word brainstorming on the board or chart paper.

Guiding Questions
&% What is teamwork?

1% Why do you think teamwork is

Peaple have different ideas and see

important? things differently

5L What advantage does teamwork hawe this question to help students think
over individual problem solving? obout the odvantages of having a team
share and critique ideas

LABManager

Ask: What two words do you find in the word
brainstormingtain and storming

2.Circle brain and underline storfing. What is the

meaning of braim® organ that controls human systems and
thoughfisk: What is the meaning of storaing?hing

that occurs with great fatek: What do you think the

word brainstorming mearts?n a lot of thinking occurs by
one of more people

3.Explain that brainstorming is a process where individuals

spend time developing and sharing ideas to solve problems

All the labs for this lesson can be found in the Student Resourcegy create a plan of action.

Handbook and the Activity Lab Workbaook.

50 Chapter 2

4.Have students add the lesson’s vocabulary words to their

Science Journal. Remind them to write the definition after
each word as they read the lesson.
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Explordctivity

How can you build a better
mousetrap?
PrepnoneClass20 min

Purpose
To have students identify a problem and a possible solution.

Materials per team
paper, pencils or pens

Before &u Begin

Ask students what it means to build a better mousetrap. Students
should say that it means making an existing product better. Display
a simple object, such as a can opener. Ask students how they
might improve the design to make it easier to use, more efficient,
or to do something more than it already does.

Guide the Investigation

« b get students thinking about what they might improve, have
them think about objects they don't enjoy or have a hard time
using.

« Encourage students to think about ordinary things that they
take for granted and how they might be Irﬁ

+ Challenge students to come up with ideas 1
from anything they've seen before, Help t 1de
the possibility for invention is all around thej.‘. ole

Think About This 2018

1. Answers will vary. If the students have developed an idea that-
is much better than the existing product and not too expensive,
it might be easy to sell it. If it's not useful by a lot of people or
too expensive, people are less likely to buy it.

2.Answers will vary. Students should recognize that almost
everything can be improved in some way. Help students see
that an improvement could be something that benefits the
environment or makes it easier to produce, but leaves the
object just as useful,

3. Key Concefudents should recognize that they would have
to consider things like what material they would use, where
they would get it, how much it would cost to buy the materials,
what tools they would need to make it, what kind of skill people
would need to make It, how long it would take, and how it
would be packaged.

& On Level g Approachinkevel ¢g» Beyond Level Lesson 2.The Design Process 51
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The Role of Creativity
cty KW i the Mt calmn. in the Secors colems When you look a1 your mpd plaver, do you
L] 11514 N RRI, WiTks do) whd] you e thought of this product? Just about everyl
an idea o womweane’s miind, The de
products begos with an ko ©

What | Know | What | Wanl lo Learn What | Leamed sre ariginal and nginaive. So

beany o peet 4 el while otlers sre pol pracik

ng vou see sLapdw

n e ] i

‘ The Role of Engineering

| An engineer s an idea into o product. Eng

to dealgn a product thar works well, (s durat
to maintain, Engineers might also
| o the human body. This is called
cormfortable, plavgrounds ane safe
‘ Figure 14y

about lumw these things will e the people who use them)

! The Role of Appearance

A product’s appearance is often impotant wo the
Yo b ol g fowr i - o
I ik 1 Figrusew ¥ he inasken i has Clothing, cars. and even electronic devices ane des
r "
C EB[IV{W and De5|gn impresved the quality of Ge o sy appeal 1o many different wstes. Many people enjoy wing prod
Factors [ Spde ucts that they consider sttractive
The same [ood can be werved on a paper plate of of
chdria plate. Yt many people think food tastes bet

Socwty aften creates the need for 2 new

F example, the wulin pump I
hevwen Bigure 18vas developed wo
thar people with diabetes would pot have

product

give themielve datly insulin mjpertions i

Cr ke e thvlgd 1 i
ors 4 Lage tob ¥ 1 gualiny, Fueryone s :

tx Other design Lacton ! { idea alx whial is anractive, Th ||.
e wearance, cost, and i { why products olien come in varying
efficiency, Cost sometimes dictaies the | H
sppesrance of 3 product. For exaumple, o Lapig - i i
' ke 1 o, biravier lapton 8 1 Wiy | etieiricy iipoiast in desgrek) & § i
L i abwo related 1o efficiency. Efficiencydy  proguct? 1 i
the ability to achieve & destred result with s b,
little effort and waste o pomible, A moie d uf
nanii{cturing proces produces & ;
producy more duilc by snd L oot .
[]
Ae 4
B2 Chagpter 2 3 L Lesson 2 The Design Proves 83
M0 “
LU0 -
. . g .
Explain Guiding Questions
CFE‘BtiVi aﬂd DE‘Si n Factors Reading ChecWhy is creativity an  New products start with an idea from
ty g impaortant design factor? someone.

Write creativity on the board or chart paper. Have students define
creativity. Direct student attentRigaoe 1and read the cap- @& How can g"-‘ﬁﬁ""'l? affect the desigritafan produce a design that is otiginal
tion. Have students consider the creativity and problem solving 2 Product? and imaginative.

needed when designing a product such as the insulin pump,The Role of Engineering

Guiding Questions Explain to students that there are many types of engineers.
> What is efficiency? the ability to achieve a desired result with ENgineering careers include, but not limited to, chemical,
as little etffort and woste as possible aeronautical, civil, and electrical. Direct student attention to
Figure 14nd read the caption. Discuss how this product's design

Readieg CRECIy & oNency, | ERIAGY G meice i cost of & ipciuct is different from standard keyboards: Have students read the
important in designing a product? hecause materials are not being wasted. PAragraph and respond to the questions.

Guiding Questions

€D What role can cost play In a productscan defermine the appearance of @ €5 What three qualities do engineers durability. reliability, ond ease of

ian?
designt product. strive for in the design of a new  maintenance
product?

The Role of Creativity _

Have sludelﬂts. identify a creative product or idea. Discuss if e :‘ggsri':;e;"d:':?;i ?::ﬂ?:?r ergonommﬁs;ﬁiﬁfﬁrﬁjg g’:ﬂ;‘:g o, fhe
product or idea solves a problem or meets a need. Talk about the comlortable product o use.
imagination neaded for the initial idea and why the product or idea

is considered creative. Have students read the paragraph and

caption fdfigure 14

52 Chapter 2
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Tebenyiifylony o Problem o o Need §How dooscieniin a
Designing Products e w_ ;

g ) engineeny hegin when they need to find 3 solution 10 3 p
- Whien vou witch i miovie on a DVDL do vou wonder how or First, they must cleardy difine the problesy The problem Suisle o vorgs) ha-tok)
why the PVD techinalogy wan developed! Every product you see b specific enongh thar @ wlution s posible. For examph doos s abel 1 Uie iyt

starteid as an ldea, Taking an (des and wnsing & into & product wenilil bo usolins to dofine the problem s, “Desgn an im fio summATDg S
takes 4 hocof werl, amrmal carrier” This definiton of thwe problem s wo twt\mlw:f:w I fhs Senian
thix carrier for a cat, 4 bird, of some other animal’ Each srdmal
lﬂ‘lwiﬂﬂ on Old Ideas reguiliva & different type of carmier. The probibeni staterwent o
Improving old jcleas 14 an Impartant pant of technology. An old ot prowide enough inormapeehlem statemens -
m‘:i:mﬂ' B 1dea can be anhanced becamse of advancements in scence and staternent that chearly defines a problem o be sohsed. A problem ’:'
Nkl oy 3 candi technobogy. In 1903 the alrplifgune 188 bull by the staternent for tse aniemal carrver might be, “Design 3 carmer or Fhasins
Wrght brothers It Hew three meten sbove the ground snd for cats woighing up 1w 5 kg The carrior must fit under an airline
2 distanie of about W meters. Alreralt vechnology sdvanced in seat. The cartler must cost no mere than AFD 75" This sine
respotise o World War L Today, passenger atrplanes can ily mert tells you exactly what is required. A poorly worded wigie- =
‘m \ abmurst anywhiere on Earth av speeds of 800 kmy'h or more, and mietit resuills b wastied vime snd effon .
& Wikch sten evaluats a1 alirudes of thowsands of meters. Criteria and Constraints Afier the problem b been R ——— 1)
‘:‘,‘:‘mam fied, erltetls ane sually identitieribinguly, crwerion) [ T0ea dotabed
SehmonT The Design Process are the standards by mibdch the prodice ol be makaarnd. For xarh CheT satement
Heow do sclentists and engineers work together o create ple, in deﬂHnLnH thee cat carsiFigure TRhewelghol the
rechnological solutions! Scientific methods, careful plnning. and cat i 4 eriterion. These criteria may be inchided n the problem
testing are sonie of the stritegles scienitits and engineers o statemenConstrainey bmintions put on the desgn of the | |
L ) amswer questions or solvie probletil The diesign proces i1 Kﬂ E provuce from outsice fectors, sk y ooss, efficiency, ereresmerEil -
arategy Tidesign processs sies of seps wsad e find § tmper, or avatlabllity of motersils. Comtraints are generally
solycinns w speciflc problons, Poblem solving using these iy mined st the beginning of & project. Otherwise Eml[mlm \
can be mpeated as ofien s needed a5 shflgareits, 3 engineers might waste thetr time working on a prochuct (B Explan the difierence

. LTt ia A
cannog be used. Someumes. criverla and constratns may Lul.EéI_':;:m:'.r -y

as the product dovelops

Figure Wi e deugs mooes
e Wwoagrs of e s circudee

forar it

g s b o 5

THH
The Design ] I| |||J Iy Science Usgi s tations|
il b foroe Eweited Gn an object
Process Uem munsurnd
et (hat indicabes how
ey @ prron ar thing is
U Bt et Pty Bebubie -
- - . { Figuew TEven o wirnple

e Bt e il e
iy i designed i
adivEas sliecilic oot n
8 oot antt

Lesaon 2 Ine Dewgn Proces B8

Designing Products The Design Process

Emphasize that every product began with an idea, some whitfave students read the paragraph. Draw attdfiguretd6
seemed impossible to achieve at the time, others to address Bead through and discuss each step in the design process.

v _ o .
practical need Guiding Questions

|l'|"lpI'OVI ng on Old DESIg ns % What is the design process? a series of steps used fo find solutions fo

Direct student attentioRigure 18nd read the caption. Have specific problems
students read the paragraph. Discuss how one idea can impact the ) . )
scientists and engineers use to cregiecess

Guiding Questions solutions?

Why is lmpmrinq onold ideas an  Possible answers: It's alwoys good to find Visual Checltihich step evaluates Step 4-Test and Evoluate Solutions
important part of technology?  better ways to accomplish tasks. the strengths and weaknesses of the

Improvements can save money, solution?

resources, fime and reduce long-term

impacts on health and/or environment.

&% Why can old ideas be improved? Ol fdeas can be improved because
advancements hove been made in
sclence and technology.

54  Chapter 2
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Research Information and Solu- =
thonsBefore engineen begin wark on the
arimal carrier, they oeed to know if other 5

people have worked on the saime or a siindlal 1

problem. Researching solutions that have b 3 §
triecd. those that heve failed. and solutions ghat’ ﬁlﬂ\;ﬁ;;&‘:ulvm i fincing solutons 1
have worked s 3 good stating point This .

research couikd pve time and bead to a betr |

sdution After the resesrcl) is completed. shgl:

neens often brainstonn possible solutony. | |
m wolidng dechnivigue —r

shat irsedoes inuliesidusls comorfuting keas gethous

il foir of beinsg critigised &

Bratrstorming allows people 1o openly a
ereatively wlk abous all aspects of thw prok
anu] develop posstble solutions. Mo probilgms
have mote than one solution. Seme solutiol
may be less comly, mone efficien, ar c'.uwrllu

‘

.I" Wil |uckel would be e et chosd?

produce. OF the different saburion, how de
engineen deckde which salution w develo

Pugh Charts Hove vou ever had 1o choose '
between more than ooe option. such as which
lacket 1o buy? How do s decide which | Table 2
is ben? I you look au the positive and fisg S
leatures of each jacket, vou sebect your L
using 3 ser of criteris and constraims, You fan Jaciet |
wse 4 Pugh Chury o help vou seleet your | tg Goit) Golly Waras | Langsy r
A Pugh Chart o methed innd o ! nin i - AL
options or solitions. A Pugll Chart used 1o 3| a0 0| © LN )
4 packet muy ook wmilifsisle 3
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Research Information and Develop Solution€onstruct a Prototype

Have students read to find out why it is important to researciReag the definition for prototype and discuss the importance of
solutions to an identified problem. Discuss how brainstormingaving prototypes. Remind students that prototypes are physical

helps to facilitate problem-solving.

Guiding Questions

Koz Concept CheWat is involved collecting information on solutions to
in finding solutions to problems? sfm!mr”‘mn.'ems. anginal thought and
ty

creati
Id Which t would be the best  jacket 1
choice
Visual Check Answer: Jocket 1

56 Chapter 2
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Jacketd -1 4 0 =f 4 § Pl.‘.:
(./\b )

Conatruet i Prototypee o powilble soluzion ha been 7
selectod, a prototype must be mgeovetype o full sok 8|
el st s tsend 0 bt perss pcadeet. Engioseers often con# P W0 15 € aponan;

wuret a protorype. When an alteradt company designs 2 ne f s
aitplane, they bld saveral sirplanes for testing. Those test) sre

evilisiied and the airplane is changed as necessary before

ful| scake manufacturing begim |

Testing and Evaluating Sol; ih sages of the design | |
process, the deslgn must be tested mnd reviewed. Did the solil
thon meet all the crterla and constraint? Testing snd evaluuning
the solition allows the engineer to find and comrect problems
sommetintes the design bs changed. For example, an engineer
designiig an airplane may leam about 3 pew technology thu
will limprove the original ides before the sicplane i butle. Ideas
are alwiys belng refibed. Alter evalustion dnd lesting, one
solutlon will be choseti as the best

Redesigning Your Soluthoss 3 new product swork the

wiay |t should® Does it meer all the criveria and constraines® After
bwing evaluated, most designs change because new information
and (deas are pevedded duning the testing and evalisting pre
cosses, [a new sulution s proposed. many of the design steps
are repeated

ity

Lesaon 2 Ihe Desgn Proves, 57

models. Have students read the text and guide their understandi
using the following questions.

Guiding Questions

1% What is a prototype? o full-scale model that is used to test a
new product
&% Why is it important to build a Building @ prototype will give the
prototype? engineers opportunity to change the
product before full-scale production.

Testing and Evaluating Solutions

Remind students that testing and evaluating are step 4 of the
design process. Have students read the text. Discuss the
importance of prototype testing. Assess student understanding o
the concept by asking the following guestions.

Guiding Questions

Key Concept Cheltkay is it Testing o solution allows the engineer lo
important to test a solution? find and correct problems with the design.

&> Why does having a consistent testinpnsistent testing procedure reduces the
procedure improve the quality and amount of time production has to rethake
cost of a product? a new product.

Scanned by CamScanner
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I weey! Crec Communicate Resubise e testing sl the ovalisiom 2.3 REVieW'

are completed, the resulies must be commundcaed. Scienuns and

§ 90, wnos aee e wepe | OPR s write eports and produce presentations for other
| of ihe design SCIETILISTS, engineen., govermment agencies, privaie (ndusines
e and the pablic. The rep

summmartes of the dma

bt rescach m thieis

bkt neat

pronvide detalls of the design process 5 =
wl final conchussons, Scientisgs and Vlm‘lle It’

u mther
scientists or engineer have the opportunity to duplicaie the

work of to continue the work of othery

Tine chessign ol e jared-

Figure Wy e created 1o man Liw e pEascd } frvmst
proposed pro 2 : aticH g g - i 5 10 protiems
bist the wacalis ik &M i Praatyises &8 ofen used
, producty 1 test salutions
tion begirm T
st be tested tf
T Wit & the deslon process?

mn gtaint solulions e lested and compsod?

§ s
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Communicate Results Key Concept ChelMhat are the  The steps include defining the problem,
Have students read the text. Have students identify what steps of the design process? ) r‘a}:k:.rmah‘gnmo’evempfng F

" - - . . DOssi0Ie salulions, ounding a moder,
information might be shared when communicating results. Use the testing the solution, evaluating the

following questions to guide understanding. solution, redesigning the solution and
" communicating resulls.
Guiding Questions

@D What step comes after a design  The resulls are communicated to other  gmy Why is it important to continue the t is important to ensure that materials

solution meets ai' criteriaand  scientists and engineers. evaluation pracess after full-scale wused in production continually meet
constraints tests? production begins? established standords and the product
. functions as intended over longer periods
CI» What tasks are included in wriling reports and producing of time.
communicating results? presentaotions for others
&> Why is comm urlflcalirtg resultsan  Communicating results ailows ofher Visual Summary
essential part of the design procesalcientists fo repiicate and possibly Concepts and terms are easier to remember when they are
improve on the original work ; ;
associated with an imdge: Which Key Concept does each
Full-Scale Production image eire.fo?

Direct attentionRigure 18nd read the caption. Review the .
steps taken in the design process before full-scale production
occurs. Have students read the text and answer the question§he information needed to complete this graphic organizer can be

found in the following sections:

Guiding Questions » Physical Properties

&3 When does full-scale production  after all problems in a design hove been
begin? resolved « Mechanical Properties

= Types of Materials

58 Chapter 2
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The Design Process

Use Vocabulary Interpret Graphics
1. Defindraimaorming i vour own wondl. Organize Informatiesy and (il in

the graphic organizer below (o lst (he

stejn in the design proceis

2. A methed vsed 10 CHESrArE Oyl or
wolutions is 4

3. Use the terpaoiofipe in 4 senlence

Understand Key Concepts

4. Explaishe influence eaginerring ha on
3 design

Critical Thinking
wocees has e Explathyliv does the design pracess
w5 y

hawe sy many s1eps!

el for vesing?

6. Amangéclve the problem of 2 river

flooding anmally by putting the

el Courst
& posied, Compare

Use Vocabulary Science arSOCIETY

1. Possible answer: The design process is a series of steps u .
to find solutions to problems. ﬁ’l‘égerngherFaster

2 Pudh Chat. Background Information
9 _ Roller coasters originated in 15th century Russia in the form of
3.Possible answer: A prototype is a model of a new productigeexichutes that were navigated on a block of ice with a straw
for testing. seat. The first true roller coaster was built in St, Petersburg in
1784, and “Russian Mountains™ appeared in Paris in 1804. Safety
Und_erStand Key COI‘ICEptS was not a concern. Injuries seemed to be more an enticement
4.Engineering makes sure the product works well, is durablaifgsla deterrent to riding them.
reliable, and easy to maintain. One of the first American coasters was a coalmine railway in
Pennsylvania. People discovered that the fast downhill ride was
exciting and would pay to ride it after the morning coal runs wert
6.d,acfbeg finished.
Interpret Graphics The great roller coaster era began at the end of the 1800s when
. ; : . trolley companies started to build amusement parks at the end @
7. Research information; Develop possible solutions: Build a their rail lines to attract customers on the weekends. The first
prototyperbt and evaluate solutions; Redesign your solutigg|ler coasters were low-speed gravity railways.
and communicate results Thrill rides like Coney Islands’ Flip-Flap and the Loop-the-Loop
Critical Thinking actually took riders through a 360-degree vertical loop. They )
; _ : s _ were uncomfortable and dangerous but extremely popular until
8.The design process requires taking a specific series of steRid¥y's high speed coasters replaced them. Space Age
get the job done. The steps in the process might change, engineering and Disneyland launched the modern coaster era.
depending on the project. Building a new product from scrp@iiar steel structure and nylon wheels made true looping
for example, would require more steps than improving on @8asters possible. The only limit to modern coaster design is the
already existing product. ability of the human body to endure G forces.

60 Chapter 2

5.C. construct a prototype
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Before &u Read
Call on students to learn what they know about roller coasters. sacher Notes

Ask:What do you like about roller coastarsers will vary.
Students might say they like the thrill and speed of the ride. Others might
like the twists and turns,

Ask: What do you dislike about roller codstens®s will vory.
Some students might say they dislike the height of the hills. Some might
say the ride is too short.

After ¥u Read

Call on students to discuss what they have learned about roller
coasters.

Ask: What is the downside to having a high-velocity roller

coaster? possibility exists that people will get injured. The accident
rate could increase.

Have students work in pairs in researching the
history of roller coasters. Have a class discussion on how
technology has changed roller coasters over the years. The
same pair of students also can design their roller coaster. When
presenting their roller coaster, have students discuss the safety
issues. Simulation web sites are available where students can
design and test their roller coasters.

& On Level @» Approachincevel ¢g» Beyond Level Lesson 2.3he Design Process 61
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Around a Loop?

% Bidilons

= How are subsystems
diffatent than
wystems?

= What is the
difference batween

=1 of thwe 51D you would have D toke 10 producess “'M TIE!
k 31mng withiwe lunch bags, newspaper, colorad mﬁ::-r
anddrawing compass.

L
gour wleraciiy nrisiesk

Think About This

L9 -_E-f-llf-“j-.h.-_l.h.' long you thirk it would take you to -_'J:LI:ILJ'CdE chahullry
Shiyitomh
open-loap system
Input

ProCEsSS

outpat

fecdback

closed-loop system
life cycle anakysis

7t srangoTnent could you wse i you Bad o cormiree

INQUIRY %) Essential Questions

About the Phofround the Looghe Mammoth Pacific After this lesson, students should understand the Essential
power project is a geothermal power plant that converts ther@aéstions and be able to answer them. Have students write
energy held in underground water reservoirs to electrical engigivh question in their interactive notebooks. Revisit each
Guiding Questions guestion as you cover its relevant content.

Ty What is meant by around a loop? something that begins at one point, goes
<@ y 2 around, u?*rd ends ?n‘ the scrrre-ﬁp.'ﬂtleg __-‘;';t ) VocabUIary
8 Visualization
Words become easier to recall and remember if a visual image
can be attached to the meaning of the word.
1. Write the word feedback on the board or chart paper.

Ask: What two words do you find in the word feedback?

feed and back. Feedback is something that is given back after

information is considefetk: How does the word “feed” in

this term compare to “feed"” as in foadble answer: Both

uses mean to give something. In science it is a response to give

I ﬂ Bb ,I information, With food, it is the act of giving food to a living thing
a anager 2. Write input and output on the bbskd Look at the words

All the labs for this lesson can be found in the Student Resourceinput and output. What am | asking for when | ask for your
Handbook and the Activity Lab Workbook., input on a projedt®ssible Answer: help or to share ideas
with the projedWhat do | mean when | say we need a lot of
output todayRossible answer: a lot of work has to be done.
Encourage students to make pictures of words in their minds t«
help remember and understand word meanings.

1% What do you think goes around thewater
loop at the power plant?

® What is the purpose of the loop o convert the water’s energy into
system? electricity

62 Chapter 2
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Explordctivity

How would you assemble it?
Prep20 minClassi5 min

Purpose
To have students think about systems and subsystems, which
produce a product.

Materials per team

a color brick

Alternativerou may assign larger teams so that you only need to
make a couple of color bricks, or have students help you make
samples.

Before &u Begin

Prepare a sample color block for each team. Draw three one-inch

circles and three two-inch circles on the flat sides of a paper lunch
bag. Color the circles in four different colors (red, blue, yellow, and
green). Draw five half-inch wide lines on the bottom of the bag. Fill
a second bag with crushed newspaper. Insert the open end of that
bag into the colored bag to form a brick.

Guide the Investigation

« Encourage students to draw the color brick first. Have them
turn it around and specifically describe whgs

+ Allow students to take the brick apartto s
constructed. Then have the students reas

« Have students think about the arder in whic
produce a color brick. Then have student
they would take.

Think About This

1. Students should guess at least 15 minutes. Share with students
how long it took you to construct the samples.

2. Key Concegltnswers will vary, but students should say that it
would be easier if one person did each of the tasks, such as
drawing the circles the right size, filling the circles with color,
drawing the lines, filling the bag with newspaper, and
assembling the two bags together.

@ On Level gg» Approachinicevel s Beyond Level

Lesson 2.4echnology Systems 63

Scanned by CamScanner




|8 Ehi Dvired cxshum

J Batare peading Wiw easan, wiite down snat yau axesdy knoe inihe fiod columa, i the hecond ok

r W CErAT WL YOk el 10 B AN P e SOl 1 AT, W Do -ﬂn'r VRS labdrrite]

Wha | Know | Whal | Wanf to Leam Wha | Leamed
il !

l
| |
| |

| )

Selenuises study different things i navy
same study how the human bady works
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Systemy are nolb found daly 6 science. In mathematics yol

different systems to solve addition, sbtraction, diviston, and [
word problens. In voclal studies vou stucy our systemn of goven] ede |
ment. Our country has farmed many governmental, legal, and | e
educational subsystems to carry out the basic (deas of o A
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[
Subsystems e |

Al swstems are made up of other syitems. For eximple, you
are pan ol your school system. Your school ks part of the ecuca
thonal system-cluster | sector | miirstey

Subsystemese wnaller sysperns thae exist within luryer systems.
A subsystem usually canme Bnction peoperby without |m
surroundings. For example, the et engine Ls one ol many T
temis of an airplane. Howevier, samie systems can e both 4 fodfectivelstinguishanle
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thirigs that we want and need. This is doie through the § \
Fe are subEystes |

relaled Lo syvtene? |
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Understanding Systems Types of Systems

Write the term system on the board or chart paper and read i@int out that there are many different types of systems. Ask
definition. Have students read the three paragraphs and ans@igdents to explain how a system works in sports—a football play
the questions. Direct student attenFigure 18nd read the far example, or soccer players moving the ball down the field to
caption. Have students speculate on the parts that make up ke a goal. Have students read the paragraphs and then ask th
transportation system. following questions.

Guiding Questions Guiding Questions
€% What does a technology system dourns ideas into the things we want and € What is an example of a system? zg:‘bfe answers: mathematics, human
need

Possible answer: It makes u connection
between twe points. It travels through o
system of wireless technology.

[® How is a text message ,!)art of a

Reading Checithal is a system? communication system

collection of structures, cycles, and
process that relate to and interact with
each other
> In what way is the federal governm@otsible answer: Several different
a system? individuals, departments, and branches of
government work together to accomplish
established goals.

«I® What is the field of systems analysisTie field of system analysis studies the
interactions among the parts of a system.

64  Chapter 2
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Subsystems | Differentiated Instruction
Discuss how each classroom is a subsystem of the school, and h

0
each school in a district is a subsystem of that school district, Ha\& Systems-orm teams of 2 to 3 students. Have each
students read the three paragraphs. Use the questions below to team create a poster using an online poster making

assess their understanding of subsystems,

Guiding Questions

=]% Key Concept Chetlaw are

Subsystems are smaller systems within o
subsystems related to systems?

larger system.

CI» How does a distinct system relate td alistinct system, such as an airplane,
subsystem? has several systems that only function as
part of that system, Bul a distinct system
also fs a subsystem, such as on airplane
being a subsystem of the transpartation
system.

Academic Vocabulary
distinct

application. Have students find a picture of a local bus
Students should then create a diagram of the subsyste
that are a part of that business, including suppliers,
customers, and employees. Students may recognize tr
some local businesses are a subsystem of a large
corporation. Print and display the posters in the classrc

C» Input, Process, Outgutm small groups. Have each
group develop explanations of two open-loop systems
not name them. The input, process, and output of eacl
open-loop system must be described. Have groups
exchange descriptions and attempt to identify each
open-loop system. Each group should choose its favor
description to share for the class to identify.

O Teache Tuolh e o S g o

Asl: If | say that | see a distinct star in the night sky called the North Teacher Demo

Star, what do | meaf®e North Star is very visible and separate from

the other stars in the sky.

Ask: What other things might be distimct®l/e answers: an ideg,
an animal in the distance, a person walking down the hall

A5

208

& On Level @gn Approachinigevel ¢n Beyond Level

Open-Loop Systeflemind students that open-loop
systems have three parts: input, process, and output.
up a pen. Explain that you are thinking about writing a
to someone who does not have email. Discuss how w
a letter is an open-loop syskesb: What is the input?
ing the ink pen to write o Mty is a pen a part of an
n-loop systerf®e pen is used as a resource or inpt
write the lettiWhat is the outptit® letter; Ask
dents to identify and explain three open-loop syste

eading Strategy
Graphic Organizdisaw a three concentric circle graph
organizer on the board and have students copy it. Us
system students are familliar with (such as a school sy
to show how systems are made up of subsystems. Ha
student groups draw a similar graphic organizer and
illustrate systems organization,

Lesson 2.dechnology Systems 65
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Open-Loop Process Differentiated Instruction
Have students read the text, followed by asking the first guiding

question, Help students understand how different products and €® Open-Loop Systevide students into small group:
different technologies involve different processes. Assess studentProvide chart paper and markers for each group. Assic

understanding by asking the remaining two questions.

Guiding Questions

» What is a process? conversion of ideas or activities into

products by using machines and labar

Visual Checl:you were making  Inputpictures, slogan, points and
buttons for your school team, whatbrushes or paste, blank buttons.
information would you place in eacWrocessoaint or poste picture and
section of your open-looped system@logan on each butiGatput:
completed buttons to distribute.

&I» When might an output become the Possible answer: when the output from
input for another system? one system becomes an idea or
companent far anather system. Far
example, a hen laying eggs and the egg
as an ingredient in a recipe.

Visual Literacy: Open-Loop Systems
UseFigure 2@nd the questions below to help students think
about open-loop systems.

Ask:Which part of the open-
loop system is the coﬂversionlaf open-loop systenm®
an idea into a prodyztdcess product available

: systemdufput

= \
&

INPUT b PROCES*

& On Level @w Approachingevel ¢g» Beyond Level

u‘

"Form student pairs. Have them compare their summar|

one of the following topics to each group: water syster
home entertainment systems, home appliances, vehicl
and personal banking system. Each group should use
markers to create an input—process—output diagram tc
explain its assigned open-loop system. Display chart p

C» Creating a Closed-Loop Systerm groups of five

students with each group identifying a closed-loop sys
Have the group illustrate how the system uses feedbas
control the outcome of the system. Have each group s
their illustration and explanation.

TEaChEr 0—--00-----------.-.........

Fun Fact

Telephone Operatdmsiay our communication systems
are closed-loop systems. Feedback provides callers wi
call waiting, call forwarding, and voice mail. In the early
1900s an open-loop system controlled phone connect|
Operators managed a switchboard containing some 2(
phone lines. The operators worked first by answering |
and then plugging an incoming call into the phone line
e person being called. As phone service grew, city
gerators handled as many as 600 calls an hour.

gpen-loop system and a summary of a closed-loop sys

and add illustrations to their written work.

Lesson 2.4echnology Systems 67
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Closed-Loop Systems Controlling Systems
Wheen you msake an effore te control che quality of the et In order for & system to funcuon properly, __‘-\I
- mm‘l“.“““'"";r“‘i of an open loog systerm. vou teed to get infermation about vous st have some bype ol control. Controls r::;:&‘:m"ﬂ':m::rfm‘:m:_'"""““
[roviee e e prechisct or sutput. IF you know that your posters were olfending any part of a systom that can be adjusted: B ' |
-lJu'\e-cI'{uruu wpstem?  studerits, what wild you dof You would change your posters to example. the heaver on the fsh tank bas o
comect the problem. The infirmation that you reesived about eomtrol 1o st the waner temperature. The
yuikar jrmaters bs (eeslBdedbachs Ve pars of e sseen Ui bieater viarns on dnad off b osder v malitaln
imenstires atid controls the autcorme of the sgseens, Feedback serves the carreemperatuss |
| asa I"“'E"]‘ i:"‘““‘[" whit “;L":j::i:“ ;;:W;*“I anid what :"“ Controls can be sither manual or auromaric
¢ are sctually doing (process). F ck closes the lonp o make Amanual ermbe ey Hhant reniidies o
— = the systori 3 (hﬁﬂiﬁ:ﬂp evstont ai shifigomna d iy 3

Fuiesieii iperaion. At t')um[llr all & bl

Aclosed-loop systans st thay has o ey of s divicr s erosswalk signal In order to crong
? . cully comtrolling or tsewsirioy ity cutp Canoyou think of exame the strect safely, you first push the crosswalk
7. Wiry J piles af closed loop systerna? The heater in 2 fish tank warms the button. The burton then turmy on the cross
s 11 irogartant o ' Ak 1 vohich all i
KNG 1f B Bystem & water in the tanke The hester shuts off when the water reaches witlk signal which allows you to cross © 1!|
affective? the tight remperatire (T cid not shut off, the fsh might not wrert aafely
survive bocause the water could become too hat Anautomatic controliovics e oo be

progromeed andd thert copines (o openne
wigthotid b inteyierition. The thermostit) in

your hoite 1 an sutomatic centrol Gnce Wk

—_ wet the temperature, the thermostil maintpine |
the wemperature without your imvolvemen
Feedback and contral systems are importihi |
o keep wystems renning smoothly with l'ri,{.lz i
human Involvemetit e

Interactions of Systems

| Camplex systems have many bvers of feedback and control

"‘-:M nwamuting the sleclivoneis df Ihe system all the resourees they teed W make thetr emparsiure
Mashimes. procucty, They depend on other cotmpanies to Science Useo mogsun
produce these tisources. For example, (he of T average kinetic
autamotive industry selies on many difereht wnergy of the patickes |0 a
cornpaiion for the vareus part 1o mike an malaial
l automobile, A rubber company makes tres foe ::::":::: -::;::::m
the auwe company. The susomiotive manulac hot e cokd samething |

vuarer |8 one systen and the rubber company s
hep system The outpar of the mibber

b 15 tires, whilch becomes the input for
i IV cormpany.
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Closed-Loop Systems Visual Literacy: Closed-Loop Systems

Have students read the text. Review the examples of closed\dsgFigure 22nd the questions below to help students think
systems in the reading. Have students identify the control in @bcut closed-loop systems.

system. Emphasize that feedback controls the outcome of a closed-

loop system. Use the guiding questions to assess student

understanding. e
Energy,
Guiding Questions Capita

1% What is feedback? the part of the system that measures and
contrals the outcome of the system

Visual Checlithat is the difference The closed-loop system has feedbuock,

between an open-loop system and a
closed-loop system?
Key Concept ChelWy is it Only with feedback information can o

Ielapmtln?t to know if a system is  product or system be fived or improved,

Ask:Why is feedback Ask:How is the output of a
important to a closed-loop closed-loop system ¢
systemit measures and contrals is automatically controlled by
the outcome of the system. feedback,

68 Chapter2
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Controlling Systems Differentiated Instruction

Discuss the need for control for any system to function properly.
Have students identify the system's control. Have students read % Understanding Feedbatke students compare a
heating system in a vehicle where the occupants mani

the paragraphs. Assess student understanding by asking the change the inside temperature by turning a dial with a

| ' A
following questions heating system that automatically adjusts to a preset
Guiding Questions temperature. Provide the following graphic organizer f

&% What are controls? any part of a system that can be odjusted students to illustrate and explain each system.

I(‘?' Concept Chel®aat is the A manual control needs a user fo operate Controlling the Inside Temperature of a
diffe

rence between manual controlsvhereas the automatic control can y
and automatic controls? operate without humon intervention Manual Control Atomatic Control

«» What role do automated controls haWlesy keep the system running by
in closed-loop systems? providing constant feedback and contral, (D Life Cycle Analydisrm groups of four or five. Prese
each group with a commonly used throw-away produc
i such as an empty water bottle, paper plate, or plastic f
Science Use Yommon Use container. Have each group chart the life cycle of the
temperature praduct. Have groups share their information with the

Ask: How is the scientific use meaning of temperature similar to the Teacher ToolbdXEEREEEEE RO O T
common use meaning of temperatossie answer: One measures
a level of kinetic energy in the particles in a material, the other measur
the effect of kinetic energy. “Teacher Demo
Fun Facts

Interactions of SySt&ﬂ"lS Life Cycle Factéhe life cycle of a product starts with ra
Have students read the text. Draw a Venn diagram on the boarg materials and ends with product disposal. This cycle
showing how the systems of a rubber compa fc the au cludes manufacturing, maintenance, and distribution
industry interact. Ask the questions below m@ stu cycle of commonly used products can vary from a |
understanding. T f nth to hundreds of years. The life cycles of a few
[+

mmon products are shown below.
Guiding Questions Aluminum can 200-500 years
% What limits what a system can do? available resources, mﬁb’ - Batteries 100 years.
components « Disposable Diapers 500-600 years
« Cotton cloth 1-5 months

Z» What makes the interaction of systefossible answer: The number of - Pape_r bag 1 month
complex? components/variables in the system » Plastic Water Bottle 700 years
« Tin cans 50-100 years

Nole
L]
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 Engage  Explbre  Explbin  Elaborate Evaluate

Use Vocabilary Interprel Graphica
1 1 ] % Smaller syatems that exist within lrgd, Sequencopy and Ul in the graphie
‘“suauze lt- systems are cilled organizer 1o shiow the low of &
2. Use the temmypus i 4 sentence Hosed-loop Hysiem.
[_ W ‘
(= RS
3. Definehe term life ciycle ariclyas ,} S |
Tinaitegy has pro- A mamdal control i setand  Lite cyce ananyes k| J-I
ducsd suny syvies and maintained by the user An  stisntisis and -—dne-\. mben
tadepymtemn Do mdy to sutomatic controlls) can Ii.u- DEveinmng Tew ofoducts
decyam yyrieam me piogtanmed and continee formation kound in b cycie
OpEr-ionn snd codsd- 80 a0 the job wiitaul anslysls can De s i oree Understand m.w
o Faman inlervenhion i preduct with fevese emdngn- K.’
| mental impats | 4. Comparepen and closed loop systerms
Critical Thinking
8. EaplairHow does life cycle analysts
i help scienttits create beter products!
S. A Llmer on & microwave oven boan
— - - example of
l"r L Howm me sibwystsms dittesent (han sysiemsT | A, ot
| B process
C. automatic control
B manidl contiol

LWhnat s Bre dFerance Datween open loop systems and closed loop wraemn?

| I 6. ClarityW lwen you send 2 vext messige
Yo e part of 4 Communication system

What part of the commmunbeation system
Is creating a4 text message, sending a text

B How @ie muttmatic contion diffenm haeh imanusl contiols? message, and receiving & 1ex1 messago!

] ; l that viwes inpui, process and feedback
|
i
I

& Wahat n She Cycie snalysa’?

Lesacn 2 4echnoiogy Syveme T3

Visual Summary 5. Dmanual control

Concepts and terms are easier to remember when they are 6. Inputreating a text message: process-sending the text
associated with an imagé: Which key concept does each image message: output-receiving the text message

rel ?
ate to Interpret Graphics

W‘ 7.1n a clockwise manner: input; process, feedback

The information needed to complete this graphic organizer c@ritical Thinking

found in the following sections: T S e .
8.Life cycle analysis helps scientist by providing information on
* Understanding Systems the resources and their environmental impact.

« Diagramming Systems
« What is a Life Cycle

Use Vocabulary LABManager

1. subsystems Design and Build a Useful Prddictab can be found in the
2.Sample answer: Input can be the ideas, which is used at thfudent Resource Handbook and the Activity Lab Workbook.

beginning of a process.

3.Life cycle analysis is a method of estimating the environmental
impact of a preduct throughout its life.

Understand Key Concepts

4.An open-loop system does not include a way to measure or
control its product; it includes input, process, and output. A closed-
loop system adds feedback about the end product.
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