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THE PROBLEM OF THE SILENT SPRING 

I LESSON I 
l INTRODUCTION TO CONTENT AND THINKING SKILL/PROCESS I 

Sometimes finding a solution to a problem is urgent. Not only do we have to come up with 
a feasible solution-one whichis both practical and effective-butwe also have to come up with 
thesolutionquickly. Sometimes thereis real dangerinvolved. Usually there is aclock ticking. 
Often it takes the best solution to save the day; a poor solution usually leads to injury and 
death. 

The events which transpired on board Apollo 13, during four days in August 1970, presented 
just such a problem. Two days after its launch, while outbound to the moon, an oxygen tank 
exploded and catastrophically damaged life support systems on board. The supply of oxygen 
fell below that needed to successfully complete the mission. The problem quickly defined 
itself as "How might we safely retum our astronauts to earth in a damaged spaceship which 
does not have enough oxygen to make the return trip?" Mission control, scientists, and other 
astronauts worked feverishly to solve the problem. In the end they used materials available 
on Apollo 13 to recycle oxygen purified by removing excess carbon dioxide. The astronauts 
were instructed how to adapt lithium hydroxide canis- 
ters found in one part of the ship to where they were SKILLFUL PROBLEM SOLVING 
needed. Using an exact replica of the spacecraft, techni- 

1. Why Is there a problem? 
cians explored ways to conserve power. Aquarius, the 

2. What is the problem? lunar descent module was used as a lifeboat, its engines 
3. What are poaroble solutions to the pmblem? providing enough thrust to speed up the trip to the 
4. What would happen if you solved the moon, whose gravity was used to whip the spacecraft problem in each of these ways? 

back toward earth. The crew transferred to the Corn- 5. What is the best solution to the problem? 

mand Module when they neared the earth and safely 
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landed. Within four days a spacecraft was reconfigured, a flight plan was rewritten and a 
challenging problem resolved resulting in the saving of three astronauts from certain death. I --  I 
Lets take a closer look at how this problem might have been solved. Here is a plan for skillful 
problem solving. Show students the Skillful Problem Solving verbal map. Use a transparency 
or put it on the chalkboard. What do you notice about this plan? STUDENTRESPONSES: It is easy 
to follow; it proceeds one step at a time; it requires you to think about many solutions, not just one; it is 
easy to understand; it would be easy to follow. 

Lets apply this plan to the Apollo 13 emergency so that we can see if it is an effective design 
for solving problems. If we can show that the thinking which so effectively solved that 
problem might have followed from a plan like this, then perhaps we can use this plan to 
effectively solve other problems. In your groups pretend that you were on hand at Mission 
Control during the Apollo13 mission. You have justheard NavyCaptain JimLovell's famous 
understatement "Mission Control, I think we have a problem". You are meeting with your 
team to think about solving the problem. In your groups, brainstorm answers to the first two 
questions on the skillful problem solving thinking map. Be prepared to report back to the 
class. Students readily explain that there is a problem 
because there was an explosion on board the Apollo 
13 spacecraft. Students also have little difficulty de- 
f i g  the problem as getting the men back to earth or 
doing something about the oxygen shortage. Have each 
group contribute and fill in responses on a class 
graphic organizer similar to the one at right. 

Lets think about step three. Take' a few minutes to 
thinkaboutpossiblesolutions to theproblem. What 
might we do to "get the men home safely?" Allow 
adequate time for students to think about the prob- 
lem. Then use guided questioning to elicit responses. 
Encourage "far out"and unusualsolutions. Then add 
responses to the transparency or on the board. TYPJ- 

other two. 

CALSIUDENT RESPONSES: Send up a manned rescue mission in another Apollo spacecraft; see ifthe 
Russians can help; send up an unmanned rocket with extra oxygen which the astronauts &n transfer to 
the Aquarius module after t h y  enter into an earth orbit;putall but one of theAstronauts intodeepsleep 
to conserve oxygen; kill one of the astronauts so that there will be one third more oxygen available for the 

Let's examine one of these possibilities, Send up a manned rescue mission in  another Apollo 
spacecraff. What would happen if you tried to solve the problem in this way; what would be 
the consequences? STUDENTRESFONSES: It might take too much time to prepare, checkout and launclz 
an Apollo rescue mission.. It would cost millions ofdollars to usean Apollo spacecraft to rescueastronauts. 
There might not be enough room in the rescue command module for both crews. Oneof thejuture Apollo 
missions wouldhave to bescrubbed because its spacecraft had been used in the rescue mission. Ifthe rescue 
mission failed we migl~t loose two Apollo crews. Students usually determine that any solution which 
might take a long time or one which would put others at risk wouldnot be worthwhile. Students 
usually decide that the problem's solution must be implemented on board by the astronauts. 

Do you think that the scientists involved in successfully bringing the Apollo 13 astronauts 
home might have followed a plan like this? Most students point out that they certainly must 
have assessed the consequences of a number of possible solutions to arrive at the solution they 
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INFUSING THINKING INTO INSTRUCTION-SECONDARY PROBLEM SOLVING 

I THINKING ACTIVELY 
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Let's examine one of these problems more carefully; lets look at pollution from pesticides. In 
another lesson we have already discussed Rachel Carson's book Silent Spring. What did we 
determine was the main cause of the problem? Students 
usually recall that they concluded that the "silent spring" 
probably resulted from the to& effects of pesticides like 
DDT. Given this scenario -a small town in America and 
the moribund countryside and farmland surrounding it 
are dying because of pesticide contamination - let's use 
the skillful ~ rob lem solvine ~ l a n  we just evaluated to 

did. Many also remark that they obviously didn't have the thinking map for causal explanation 
there before them, so they must be so used to these kinds of problems and to having to ask these 
questions that they've learned to ask themnaturally. Do you think that this plan is an effective 
one fordetemining the best solution to a problem?Studentsagree that thiskindof plan would 
work well to solve a problem. 

Usually there is the pressure of time associated with problem solving; however dangerous 
situations -problems requiring fast and effective solutions- are often resolved over a much 
longer span of time than the few days of frenzied activity during the Apollo 13 mission. For 
example, global problems like overpopulation and epidemics are treated with a similar 
urgency; if solutions are not found people may die. In your groups take a few minutes and 
think about the world around you; then make a list of some of its urgent problems. Discuss 
each response and use guided questioning to expand the l i t .  SWLIENT RESPONSES. The hole in 
the ozone layer; war; diseases like HIV and AIDS; toxic rain, global warming and thegreenhouse effect; 
air pollutionfrom fossilfuels; toxic waste, water pollution; chemical pollutionfrom pesticides and other 
chemicals; oil spills; poverty and malnutrition; radiation leaksfrom reactors like Cherynoble and Three 
Mile Island; nuclear stockpiles; biological and chemical weapons storage. 

'> . 
find a feasible solution to the town's problem. In order 
to help us owanize our thoughts we will be using a 
skillful problem solving graphic organizer. Show S&- 

dents the graphic organizer on the right. Use a transpar- 
ency or draw it on the chalkboard. Be sure to point out fiat 
this graphic has been designed to examine, in depth, one 
possible solution at a time. 

In your groups write a statement which begins "How 
might1 best" thatclearly states the problem. Forexample 
in the Apollo 13 dilemma, the problem statement might 
have been written "HOW mighi I return the astronauts to 
earth safely?" Students usually have little trouble in de- 
fining the problem. TYPICAL STUDENT RESPONSES: How might I best protect the townspeoplefront 
the harmfit1 effects of pesticides or best reuerse environmental damagefrom pesticide contamination. 
Sometimes students view the problem as one of cleaning up and disposing of the pesticides or less 
frequently one of preuentingfuture use of dangerous pesticides. Use higher order questioning to 
generate a final class problem statement that the class accepts. Explain that the problem 
shouldn't be too narrow, (like "How might I rid my land of contamination," nor too remote (like 
"How might I prevent future uses of dangerous pesticides?"). Rather, it should focus on the 
immediate problem for the town and not presuppose that other problems have been solved. 
Write this in "The Problem" box on the graphic. 
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- Let's think about possible solutions to this problem. In yourgroups make a list of solutions 
you feel might solve to the problem "How might I best protect human health and limit 
environmental damage resulting from pesticide contamination of the town and its surround- 
ings." STUDENT RESPONSES: Permanently evacuate the town. Relocate the human population to an 
uncontaminated area. Ten2porarily evacuate the area and then defoliate the countryside. Demolish the 
town. Drain the pond. Destroy all wildlife, strip the soil. Transport all contaminated material to a toxic 
wastedumpand then rebuild the townand resettle it. Quarantine thearea by keeping it offIimitsand then 
monitor until pesticide levels come down to an acceptable level, then resettle the town. Relocate the 
populafion and then use the area as a new toxic waste dump site. Develop a chemical to neutralize the 
pesticide contamination and treat the countryside and environment with it. Duelop an antidote to 
pesticide poisoning and treat people in the town with it. Make it illegal to use dangerous pesticides. 

Let's look at one of these possibilities, Permanently evacuate the area. Discuss in your group 
what the likely consequences of evacuating the town and relocating the human population 
might be. Make a list of three or four consequences and be prepared to report back to the class. 
Allow adequate time for each group to brainstorm its list and then have each group contribute 
one or two consequences. Record'these on the skill problem solving transparency or use the 
chalkboard. SnrDENTRESPONSES: People would be completely out of danger. The ecosystem would be 
lefialoneand not destroyed; compared with toxic waste cleanup. Evacuation would cost much less money. 
Pesticides would remain in the countryside and pose a continued threat to nature. People would be 
immediately removedfronl the danger -no time wasted. The town would be "out of business." Livelihoods 
would be destroyed. The economy of the region might be crippled. 

Now that you have listed the consequences of permanently evacuating the area, lets consider 
whether each consequence argues for or against adopting this solution. Lets think about each 
of the consequences together and determine whether to mark "PRO" or "CON next to it. 
Does the consequence that people would be completely out of harm's way count for or against 
the feasibility of this solution? Students readily judge that the safety of people would count for 
adopting this solution. Write PRO in the PRO or CON colunm adjacent to the consequence. 
Brainstorm each of the remaining consequences and complete the PRO or CON column on the 
graphic organizer. Students usually find that most of the consequences count in favor of 
adopting this solution. 

Sometimes aconsequence may count against a solution but it isn't considered very important 
when deciding whether a possible solution is feasible or not; for example, one consequence 
of having worked around the dock to reconfigure energy consumption on board the damaged 
Apollo 13, was the huge amount of overtime paid to technicians. Although this consequence 
would count against working all night, it was not considered very important in the context of 
saving the astronaut's lives. Hence it was given much less weight than saving their lives was. 
It is therefore necessary to evaluate just how important or unimportant each consequence is 
before deciding whether a solution is worthwhile or not. In your groups evaluate one 
consequence of permanently evacuating the area and write in the "Value" column whether 
that consequence is very important important, not very important, or unimportant. Be sure 
to state yourreasons formakingeach judgement Assigna differentconsequence to eachgroup. 
Allow adequate time for students to discuss and record their judgement. Then have them report 
back. Enter their responses on the class graphic organizer. Students usually decide that getting 
people out of harms way and getting them away from dangerous pesticides immediately are 
very important considerations; The population would no longer be exposed to pesticides. They find 
that leaving pesticides on the environment is also important, but perhaps not as important 
because contamination will diminish over time However, the future side effects on other living 



things of leaving the environment contaminated often weighs heavily with some students. The 
value of other consequences vary, usually between important and very important. 

Do you think that thiswouldbe aviablesolution, one which would protect human healthand 
limit environmental damage? Students immediately reach consensus that this would be a good 
solution for the human population, but usually feel uncomfortable about deserting wildlife 
living in a countryside laden with toxic pesticides. Students also feel that because all the town's 
business's and farms would be out of business, there might be economic hardship in the region 
that other solutions may remedy.. 

' How might we make this solution an even better one? Let's make a list on the chalkboard of 
modifications to the original solution,pmanently evacuate the area, which might make it 
even more feasible. STUDENT RESPONSES: You could make a maximum effort to collect mammals, 
birds,fish and other animals and evacuate them to a new home also. You could set up a jobs retraining 
program to help ease evacuees into new types of work. You could lobby the government to compensate 
farmers and businessmen for their losses and help them with start-up money at their new location. 

Let's take this information and use it to rewrite the original solution statement so that there 
will be less consequences counting against using it. Work with students to generate a new 
solution statement. For example,Afierpermanently evacuating all people to a safe location, you could 
transfer as much wildlife as feasible to a pesticide free environment and make available, through 
governmentfunding, jobs retraining and lost business compensation. 

As a final part of this activity, I'd like you to do some homework tonight. Members of each 
group will thii through a skillful problem solving graphic organizer for one of the 
remaining solutions. Tomorrow, during class, each group will present their findings, and 

- then we will discuss which solution we believe is the best one. Distribute blank photocopies 
of the graphic organizer and assignadiiferentsolution to eachgroup. When students report back 
thenextday try toreachconsensusonwhich solution mightbebest. Thenaskthestudents toread 
the source material on Love Canal and compare what was done in these situations with their 
solution to the problem of the silent spring. 

l THINKING ABOUT THINKING 

When you did the 1essononTheMysteryof theSilentSpringyou tooksome time to thinkabout 
your thinking after you tried to solve the mystery. Let's do the same thing now that you've 
worked on the problem thatcontamination withpesticidescausedforthe town RachelCarson 
describes in her book How important do you think it was to try to solve the mystery before 
you tackled solving the problem faced by the town? STUDENT ANSWERS INCLUDE: Without 
knowing what caused the problem it's pretty hard to eitherfigure out what the problem is or to fry to 
solve it; it's like shooting in the dark. We need to h causal explanationfirst; it's thefirst question on 
the thinking map of problem solving. Ifwe don't ty tofigure out what caused the problem we won't 
really be able to solve it easily. 

What else besides findiig the cause of the problem is it important to think about in problem 
solving? Students quickly identify stating the problem, finding possible solutions, figuring out 
the consequences of the possible solutions, and then deciding which is the best solutions by 
deciding which consequences are really important as the focal points for skillful problem 
solving. 
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INFUSING THINKING INTO INSTRUCTION-SECONDARY PROBLEM SOLVING 

How does this way of problem solving compare to other ways that you've thought about 
problems in the past when you've had to solve them. Studentssometimes say that they thiik 
about possible solutions sometimes, or that they do think about the consequences of solutions 
to problems sometimes. Most students recognize, however, that this strategyhelps them to focus 
careful attention on each of these questions, as well as others, when they are problem solving. 
This, they say, makes their thinking more organized, and makes them feel that they've done a 
more careful job, and that their solution is probably a good one. 

Work in your groups now and draw a "picture" of the thinking process of skillful problem 
solving, incorporating these important focal points. Sl7JDENT DRAWINGS VARY. 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 

Soon after your students have completed the lesson on the problemof the silent spring, ask them 
to work on the following: 

You have each tried to determine the cause of the endangerment of a specific species of life 
on earth. Use the problem-solving strategy to determine what is the best remedy for the 
situation these life forms find themselves in. -. 

1 For 30 years plutonium used in nuclear weapons was manufactured at a site in Hanford, 
Washington. A number of huge deteriorating tanks filled with high-level radioactive waste 
are threatening tovent into theatmosphere. What problems can youidentify?Use the strategy 
for problemsolving to decide what to do about them. 

REINFORCEMENT LATER 

What is fhe best solution to the problem of acid rain that you diagnosed earlier? 

Landfills, as a way of disposing of waste, are becoming more and more scarce. What are viable 
ways of waste management in this country? 

Identify a major problem faced by your school. Use the problem-solving strategy to think 

1 through what might be done to solve this problem. 



B1997 CRITICAL THINKING PRESS 8 SOFWARE . P.O. BOX 448 PACIFIC GROVE. CA 93950 800-458-4849 7 



INFUSING THINKING INTO INSTRUCTION-SECONDARY PROBLEM SOLVING 

THE PROBLEM OF SILENT SPRING 
SOURCE MATERIAL ON CONTAMINATION AT LOVE CANAL 

Love Canal excerpts from Love Canal, MY Story, to anyone from chemicals buried there. That 
Louis Marie Gibbs, ISBNa87395-5870 . one-dollar school site turned out to be some 

bargains! 
"If you drove down my street before Love Canal 

(that's what I call what happened to us), you 
might have thought it looked likea typical Ameri- What is the Love Canal? 

cansmalltownthat you wouldseeinaTVmovie-- "The Love Canal is a hazardous waste dump- 

neatbungalows, many painted white,withneatly site located in the center of a middle class com- 
clipped hedges or freshly painted fences. The munity in Niagara Falls, New York; We are the 
house are generally small but comfortable; at that first dump-site to be recognized, of the thou- 

time ("before Love Canal" in 1978) they sold for sands of dumps across the nation. The EPA has 

about $30,000. If you came in the summertime, recently estimated there are about 30,000 to 

you would have seen men painting their houses 50,000 toxic waste dumps across the United 

or adding an extra room, women taking care of States. 
gardens, and children riding bicycles and tri- 
cycles on the side walks or playing in the back- The History of Love Canal 
yards. "In 1892 William T. Love (where the name 

"You would see something quite different to- Love Canal originated), proposed comect*g 
day. Since Love Canal, the houses nearest the the and lower Niagara River, d i g ~ g  

canal area have been boarded up and abandoned. a the country 
May have homemade signs and graffiti, vividly fell into an economic depression and financial 
telling what happened to make thisighost town. for the project Love then 

The once-neat gardens are overgrown, the lawns abandoned the project leaving beh*d a par- 
uncut, A high cha*.link fence surrounds the tially dug section of the canal. In 1920, the land 
houses nearest the canal. area is deserted, wass~ldatpublicauctionandbecameamunici- 
The fence is a reminder of the 22,000 tons of pal and chemical disposal site until 1953. The 
poisons buried there, poisons that can cause can- P ~ * ~ ~ P ~ ~  hat their waste in 
cer, that can cause mothers to m,scarry or give the canal was Hooker Chemical Corporation, a 
birth to deformed &ildren, poisons that canmake subsidiary to Occidental Petroleum..The City of 
childrm and adults sick, many of them in ways Niagara Falls and the United States Army used 
doctors only dimly understand ... there was a the site as with the city garbage 

school within walkingdistance. The schoorsplay- and the Army dumping possible chemical war- 
ground was part of a big, open field with houses farematerialandparkof theManhattan~rolect.. 
all around. "In 1953 Hooker, after filling the canal and 

q t  is really if you stop and of covering it with dirt, sold the land to the Board 
it, that underneath that field were poisons, andon of Education for $1.00. The deed contained a 
topof itwasa gradeschooland a playground. We sti~ulationwhichsaidifan~Oneincurred~h~si- 
later found out that the N~~~~~~ school calharmordeathbecauseoftheirburiedwastes, 
Board knew the filled+, canal was a toxic dump Hooker would not be responsible. Hooker con- 
site. We also know that they knew it was danger- ~ ~ " U O U S ~ Y  tells us they properly warned the city 
ous because, when the Hooker Chemical Corpo- and the we 

ration sold it to them for one dollar, Hooker put a "Soon after the land changed owners, home 
clause in the deed declaring that the corporation building began adjacent to the 16 acre rectangle 
would not be responsible for any harm that came which was once the canal. The families were 
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unaware of Love Canal, ~ h e n . ~ u r c h a s i n ~  
their homes. In 1955, an elementary school 
was opened; it had been erected near the 
corner of the canal. 

"Residents began to complain about chil- 
dren being burnt, nauseous odors, and black 
sludge in the later 1950's, but nothing was 
done. It was not until the later 1970's that 
government finally decided to investigate the 
complaints. 

What Does the Canal Contain and How 
Far Has it Gone. 

"There are 200 different compounds that 
havebeen identified so far, in and around the 
Canal. There are at least 12 known carcino- 
gens, some human, other animal. Benzene is 
one which is well known for causing leuke- 
mia in people. Dioxin, the most deadly of all 
chemicals, has also been found in.and around 
the Love Canal. ... 

"Hooker admits to burying about 21,800 
tons of various chemicals in the Canal, but, 
this is all they will admit to. The Army denies 
burying wastes, yet there are residents who 
testified to seeing Army persomeland trucks 
on site. 

'The extent of chemical migration is still in 
question. Many of the air, and soil and water 
tests have found chemicals throughout a ten 
block residential area, in our creeks and the 
Niagara River. ... 

What are the Health Effects? 
"Our Association with the help of other 

saentists, conducted a health s w e y  of our 
community. We were forced to do our own 
study because the governmental agencies 
would not conduct a good objective scientific 
study. We look at the area as a whole, and 
found families who lived on underground 
streambeds had the highest incidence of dis- 
ease, but also many families in the area were 
affected with an abnormally high rate of ill- 
nesses. 

"The results of our studies showed above 
normal amounts of miscarriages, 50-75% , 
while living in Love Canal. A birthdefect rate 

PROBLEM SOLVING 

"Also, an increase in Central Nervous System 
diseaseincludiigepilepsy,nervousbreakdowns, 
suicide attempts, and hyperactivity inchildren, a 
greater chance of contracting urinary disorder, 
including kidney and bladder problems, an in- 
crease of asthma and other respiratory problems. 

"Our most recent survey showed, out of the 
last 15 pregnancies in Love Canal women, we 
have had only two normal births. the rest re- 
sulted in a miscarriage, stillborn, or birth de- 
fected babies. 

The solution to the toxic waste problemimple- 
mented at LoveCanal involved evacuating people 
from the immediate areaof contamination, erect- 
ing fences to keep people out and later installing 
a drainage system consisting of clay perforated 
clay pipes to intercept contaminated water be- 
fore it can leave the site. The polluted water is. 
then treated by an activated charcoal system. 
The filtration system was then buried under 
topsoil and clay. 

The Love Canal Homeowners hociation is 
unhappy and have found "many problems with 
this system: 

(1) At best it will contain wastes in the canal, it 
will not remove them. 

(2) It will not remove or address any chemical 
wastes that have moved out into the ten block 
area or through the storm sewer system 

(3) Thereareno monitoring wellsplaced, there- 
fore no one can tell us if it is even working. 

(4) Will the clay crack, as it hasdonein the past, 
only to cause further contamination of our 
environment and threaten public health? 

l I 
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INFUSING THINKING IKTO INSTRUCTION-SECONDARY PROBLEM SOLVING 

Sample Student Responses T h e  Problem of t he  Silent Spr ing 

POSSIBLE SOLUTIONS 

Permanently evacuate the town; relocate 
human population to an uncontaminated 
area. 

Temporarily evacuate the area; defoliate 
countryside, demolish town, drain pond, 
destroy all wildlife, strip soil, remove 
contaminated material to toxic waste dump 
and then rebuild and resettle. 

Quarantine area by keeping it off limits and 
then monitor until pesticide levels come 
down to an acceptable level; then resettle. 

Relocate population and then use the area as 
a new toxic waste dump site. I 
Develop a chemical to neutrilize the 
pesticides. I 

CONSEQUENCES 

The ecosystem would be left alone. 

Compared with a toxic waste clean-up. 
evacuation would cost much less money. 

Pesticides would remain the countryside and 
pose a continued threat to nature. 

of the region might be crippled. 

longer be exposed to pesticides. 

I Important: v.t[nou' humans, r1o mcre 
pesttlc.ocs woud be useo. Nalure could 

I recover over time 

Important: Money is hard to raise and 
would take time. Moving a population is 
cheaper than rebuilding a town. 

Not important: Pesticides contamination 
would diminish over time. Damage is 
already done. 

Very Important: Pesticides are 
bioaccumulative. Urgent to get out of area 
as soon as possible. 

Important: Although making a living is 
imporlant. 'living' is much more imponant. 
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t' 
~NSING THINKING INTO INSTRUCTION-SECONDARY PROBLEM SOLVING 
I 
! Sample Student Responses The Problem of the Silent Spring 

POSSIBLE SOLUTIONS 

human population to an uncontaminated 

Temporarily evacuate the area; defoliate 
countryside, demolish town, drain pond, 
destroy all wildlife, strip soil, remove 
contaminated material to toxic waste dump 
and then rebuild and resettle. 

then monitor until pesticide levels come 
down to an acceptable level; then resettle. 

l Relocate population and then use the area as 
a new toxic waste dump site. 

Develop a chemical to neutrilize the 
pesticides. 

CONSEQUENCES. 

The countryside would have to be replanted. 

n would be completely demo 

The town would have to be rebuilt. 

&the pesticide contamination woul - removed. 

would cost a tremendous dy to relocate. house and feed towns- 
defoliate, demolish, transport 

replant, rebuild and 

PRO OR 
CON? 

PRO 

Very important. Wildlife and plants would 
die, an ecosystem would be destroyed. 

Important. Could not replace old growth 
forest and bodiverskty. 

Very important Established businesses 
would be destroyed. 

Important. Town landmarks would be 
destroyed. 

Very important. People could return to a 
safe environment. 

Very important. Extraordinary cost would 
likely run into tens of millions of dollars, well 
beyond the liklihood of government funding. 

You could evacuate the townspe&le but only defoliatethose areas of the countryside with the 
worst pesticide contamination. You could preserve those buildings in town which have historical 
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ACIDS IN THE ATMOSPHERE 

I LESSON I 
INTRODUCTION TO CONTENT AND THINKING SKILUPROCESS 

Sometimes the most difficult and challenging problem is only solved when it is approached 
in a novel manner. Finding unique and unusual solutions requires creative thinking. For 
example, during a period beginning in 1881 and lasting more than 15 years, the Fre~ch 
Company which had successfully built the Suez canal labored, unsuccessfully, to construct 
a canal connecting; the Atlantic and Pacific oceans. After having investigated possible sites 
including ~ i c a r a b a ,  the Isthmus of Panama was chosen because it was the shortest route. 
The project, nonetheless,seemed hopeless when the company investigated possible routes in 
Panama. Each required removal of a gargantuan amount of dirt and rock, in some areas 
tantamount to moving mountains. As might have been expected, they failed miserably, 
hardly making an impression on the dense jungle and rough terrain blocking the 50 mile 
route. Ultimately, disease, construction problems and inadequate financing ended the 
project 

The United States took up the project - and the challenge - with the financial backing of the 
American Government in 1904. The jungle, disease and construction challenges still re- 1' ; 

~ - 

mained. Those working on the project for the United States didn't want to make the same 
mistakes as the French, however. Rather than again attempting the conventional approach of 
trying to carve a canal through miles of sometimes mountainous jungle, the team decided to 
consider some unusual and unconventional possibilities The stunning solution to this 
problem lay in viewing a canal not so much as a thin ribbon of water snaking its way between 
two oceans, but rather as any utiliiable or buildable body of water along the route. Instead 
of just digging a trench for the canal, the Americans simply dammed up an existing ~ v e r ,  and 
created an enormous lake. They then built short stretches of canal from the Atlantic ocean to 

l 
I I 
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one end of the lake and froni the opposite end of the lake to the Pacific Ocean The Panama 
Canal, as we know it today, took 10 years to complete and most probably would have never 
been finished had it not been forthe willingness of the team to break away from the norm and 
to consider different ways of creating a body of water that could support major ocean-going 
vessels travelling fromone ocean to anothe~ An option that canenhance theuseof thisexample 
involves showing pictures and maps of the Suez Canal, basically a ditch in the desert, and then, 
first, the'jungle terrain typical of the Isthmus of Panama, and the Panama Canal, including the 
open areas of lake that ships pass through 

What led to the construction of thePanama Canal isa combination of the willingness to depart 
from the norm and try new things, and the ability to generate ideas for solving problems that 
are original and different This is the essence of creative thinking. Can you think of any other 
ways of getting goodsfromthe ~ t lan t ic  ~ c e a n t u  ihe pacific without having to transport them 
around Cape Horn at the tip of South ~m&&?. Do a brief open brainstorming session with 
them on this topic. POSSIBLE ANSWERS INCLUDE: Unloading ships on one shore, transporting the 
goods uverland, and then loading up other ships on the other shore. Lifting whole ships onto railroad cars, 
and transporting them across. Buildjnga h u g e m a j o r  belt across Panama. Students usually come up 
withalimited (oftennot more than three or four possibilities) but interesting list of possibilities, 
including some original ideas. Of course, not all novel and creative ideas work, as you might 
suspect from your list Good problem solving involves the ability to come up with new and 
original ideas, like you just did, but that is not enough. You must also have the ability to 
determine, through criricd thinking, th& these ideas will solve the problem well without 
serious unwanted side-effects 

Can you think of an example from your own experience of doing something in a different way 
from the way it is usually done? Ask students to p t  down one or two examples on a piece of 
paper and then to discus one of them with a partner. After three or four minutes of discussion, 
ask for volunteers toshareanexample with the rest of the dass. !XUDENTEXAMPLESVARY.Now 
try to come up with some other ways you might have done what you did. STUDENT ANSWERS 
VARY, but again are limited though they may include some original ideas. 

In this lesson we- are going to learn, assess, and develop our own strategy for generating 
creativeideas. We willbuildonthe technique thatyou just used to do this Doesanyone know 
what that technique is called?Students readily recognize this as brainstorming. Write the word 
"Brainstorming" on the board. How do we do brainstorming? Onceagain students usually can 
desaibe the techniquesused inbrainstorming: We think rapidly of different ideas for something 
we are concerned with, sometimes suggested by the ideas of others, and we don't yet pass 
judgment on whether the idea will work-or not This lesson takes us beyond ordinary 
brahtorming. Often, in o r d i  brainstormin&-we k n o u t  of ideas pretty quickly. In W i  
lesson we wi l l  learn how to generate ideas 
more easily, in quantity, with p a t  variation 
and, especially, we will make sure that some flNDlNG POSSIBILITIES 

of the ideas we are generating .are original, 
new, and creative ideas. Of course, however 
many ideas we generate, once we have gener- 
ated such ideas we then be ready to criti- 3. What are some other kinds of pouiblliies? 

cally suutinize them Here's a thinking map 
that will guide us to do this type of Winking 
skillfully: 
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INFUSING THINKING INTO I N S T R U C T I O ~ E C O N D A R Y  GENERA~NG POSSIBIU~ES 

We will try out this new way to brainstorm ideas in this lesson as we think about a problem 
that mankind faces today that is a by-product of one of the basic ways that we have achieved 
progress in this century, through the invention, mastery, and use of new technologies which 
involve chemical processes. Some of these new technologies produce harmful by-products, 
and while people are protected from manyof these harmful by-products by safety measures 
some by-products do change our environment and can cause harm to it and to us. 

We will be thinking specifically in this lesson about air pollution Although there are many 
different air pollutants, including arsenic(As), benzene(C6H6), cadmium(Cd), chlorine(q), 
fluoride@-),carbon mono~de(CO),formaldehyde(HCHO),mercury(Hg),ozone(O,),lead(PB), 
and silicon tetrafluoride(SiF,), the oxides of nitrogen (NO, NO,) and sulfur (SOp SO,) am 
among the most environmentally dangerous They react with the atmosphere to produce 
caustic acids which often fa l l  to earth as acid rain. This causes damage to animal and plant 
tissues, and to with many man made structures like buildings and monuments. The primary 
sources of these pollutants is the burning of fossil fuels in power plants and heavy industry, 
and the exhaust gases of internal combustion engines The benefits of the technologies that 
we use that produce these effects (for example the automobile) make us very reluctant to give 
up their use. So we face a problem: How might we reduce or eliminate the harmful effects of 
the acidic pollutants that enter the atmosphere from the use of technologies that rely on 
chemical processes that produce the ingredients for such acids as by-products? That's the 
problem we will try to generate ideas about through using the new brainstorming techniques 
we will try in this lesson. 

THINKING ACTIVELY 

We have aixeady studied nitrogen and sulfur and their common compounds We have aka 
investigated acids and bases and learned about oxidation and reduction reactions. The 
chemistry of acid rain involves reactants, chemical reactions, and products that should be 
familiar to you, all of which lead to the presence of harmful ions which cause the real damage 
to living and non living things Let's fill in this chart to map &e chemical processes involved 
in the production of acid rain. Work in groups to provide information that we can use for the 
chart. Use your textbooks as resources. Break the students into groups of three or four and 

assign half the classsulfur-based reactions and theother half nitrogen-based reactions. After five' 
minutes or so ask for reports from thegroupsabout the reactants,about the reactions,and about 
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the products in each of these reactions. If thestudents have difficulty filling in this chart 
them with resource material on add rain like that included at the end of this 1esson.Enter the 
reports ona master-chart on the chalkboard or ona transparency. The result should look like this: 

CHEMICAL REACTlONS 
TOPIC- ACIDS IN THE ATYOSPHERE 

R.wYnt&l. , Rucuna 1 R&lon+ j R o d e  
SUmnydttupmvIIRumm 

L r o l i l h & u r ~ h L I I d - d t n ~ b ~ - - ~  

Now that we am confronted with this environmental problem, lets see if we come up with 
ideas, possible ways to reduce air pollution and damage caused by acid rain Let's first do 
some simple brainstorming. 

f - s U 6 d . W  
gy.dmd-4 
xTe"=nUr 
*h==) 

-dloldda 
da.zdie.d 
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Write the purpose of the brainstorming in the first box 
on this diagram for generating possibilities Students 
write statements like: "To find w w s  of reducinf or elimi- 
mtingacidicair pollution caised by ihec&busfi& ofsulfur 
and nitrogen compounds, andlor the dmnage caused by the 
acid rain thnt results." Now brainstorm with a group of 

%t& 

& $  

sq 
m 
sq 

~-~d~~lh~~~&-l~.rnt.hpi-n-mdu~f.l.on 

H@, 

=W 

three other students. List the possibilities that you 
come up with in the possi5ities box Try to come up. 
with at least five possibilities. After about four or five 
minutes, ask the students whether they are finding it 
easy or k r d  to come up with more ideas. Many say that 
they can't think of any more beyond the five or ten that 
their group has already listed on the diagram. Ask the 
groups to report their ideas. As they report, write their 
id* on a large class diagram (on the board, on a 
transparency, or on a poster) for brainstorming to gen- 
erate possib'ities. POSSIBLE ANSWERS. Mkke it illegal to 
bum fossil fuels. Use battery powered vehicles. Make more 
busses aaailable. Locate factories/puwer plants nmr dams. 
Use better gasoline (high& octane). Use befter catalytic converters. Mnke i f  illegal to drive alone in a car. 
Bring back more passenger trains. Harness the energy of volcanos. Put all highways underground,scrub. 
Make cars that hold more passengers. Make better scrubbers on smokestacks. Make stiffer fines for 
polluting air. Educafe-consumers to stop wasting energy. Use geoth-1 energy. Use solar energy. 

( Many of you have said that it was hard to come up with any more ideas We're going to do l 

S+%+- * 
N * q + H a t + m  
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something different now that will help you generate more possibilities. Work again in y o u  
groups and arrange the list of possibiGties into categories For example, you can put "Use solar 
energy" under the category "Using an alternative sourceof energy." Write thesecategories on 
the horizontal lines in the "Kinds of Possibilities" box. Under the horizontal lines, list the 
possibilities that fall into those categories Try to think of new possibilities and add them 
under the appropriate categories Forexample, under "Using an alternative source of enkrgy," 
you might add "Lases" or "Nuclear reactors" Any new possibilities should be underlined 
and added to the possibilities box. After a few minutes, ask for reports on some of the students' 
categories, as well'new possibilities that they've added. Write these on the class diagram, 
underlining the new ones. FOSSIBLECATEGORIES AND NEW POSSIBILITIES: LLsinga nau alternative 
energy source (lasers, nuclear reartors, plasmafusion,flywheels). Imprm~ng existing technology and/or 
treatment of existingairpollutian (more effinent engines in automobiIes,senl houses, peopleshould wear 
spacesuits, deoelop communiiysu1le air scrubbers, stay indoors). Making new laws, leoylng tares, 
providing subsidies (tax incentives for c h n  air, tax incentives for the use of solar power). Reducing 
demnnds for power (gioe out free bqcles) .  ( 

Now work with your groups to add at least one new category. For example, if one of these 
categories had been omitted, it could be addedas a new category. Then youcouldlist a whole 

. set of new possibilities that fall into this new category. Underline any new possibilities that 
fall into this new category and move them up to be added tothe possibilities box. After another 
few minutes, ask for some reports about othernew categories and possibilities and add these to 
the class diagram. FOSSIBLENEW CATEGORESAND NEW.POSSIBILITIES: Treat thearid rain thatfalls 
asa result ofair pollution (add bases to lnkes to neutralize theacids, usespecinlacid-neutralizing ferfilizer). 
Make things affected by acid rain acid resistent (put an acid resisted coating on buildings, put acid- 
resistent protective shields abme mops, wear acid-resistent clothing). 

Notice how many new possibilities are brought out by these two ways of organizing your 
thinking when you brainstorm Is this a good way to add to the variety of ideas you came up 
with in brainstorming? Do you think you would have thought of these possibilities if we 
hadn't categorized them first, or developed new categories?-Many students say that they 
wouldn't have thought of these new ideas if wehad only brainstormed. They reiterate that they 
were finding it hard toadd other ideas to their listsandsay that categorizing helped them to come 
up with new ideas. 

Now let's think about the ideas you've come up with that are unusual. These ideas involve 
your creative thinking. We're going to use atechnique that will help you generate many more 1 
creative ideas. This time work individually with 
yourdiagram forgenerating possibilitiesFromyour 
possibilities list, choose all of the ideas tGyou 
think are unusual or originaL Write these in the last 
box of the diagram. Now let's generate some other 
unusual possibilities by using a different diagram. 
The matrix-for generating original possibilities is 
used to combine ideas to generate new and original 
possibilities. Choose four of your categories and 
write them across the top and again down the side of' 
the diagram Then try to blend them together. Write 
in the boxeh of the matrix any new possibilities that 
these combinations suggest. After a few minutes, ask the students to select one of the newly- 
developed possibilities that seems interesting or worth considering and share it with a partner. 
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Then ask a few of the teams to report on one of their ideas. Ask them to explain why it seems 
worth considering. POSSIBLE ANSWERS: Combine using an alternative energy source with trentment 
of existing air pollution or its effects (Use sohr collectors to cmer the surface of smokestarks and supply 
power to run scrubbers to clean exhaust gas, Use windmills on vehicles to produce puwer to operate an 
electrostatic exhaust gm scrubber).. Combine reducing consumption on fossil fuels with treatment of 
existing air pollution and its effects (Enclose cities in clear domes, purify theatmosphere under thedhe, 
and produce heat by the gr&use effect). 

Now we've generated a list of many more interesting possibilities for reducing or eliminat- 
ing harmful aadicair pollution andik effects. If youhadn't used this diagram for combining 
categories,would youhave thought of theseideas?Many studentssay theywouldn't haveand 
that the diagram helped them to think of new possibilities. 

( Even though it just took a Little thinking to come up with a large number of ideas and some I 
of them seem very intemting, we have to be carefd. ~ o m e t i m k  ideas that seem really great I at the outset turn out to be not so good after we thinkabout them alittle, and ideas that seem I 

' 

doomed to failure turn out to be pretty workable after some thought and perhaps some 
modifications When we move beyond brainstorming possible solutions to a problem and 
start to sort out which ideas work best, we axe combining important critical thinking skills 
with the brainstorming to engage in skillful creative problem solving. We will learn and 
practice this technique shortly. But for now, and to prepare for it, let's do one concluding 
activity about ways of dealing with acidic air pollutioa Discuss with your partner some 
circumstances in which it might make sense to do some of the more unusual things now 
included in the possibilities box. For example, if there are powerful tidal currents in a coastal 
community that typically suffers fromsmog due to its heavy industries, it might make sense 
to undertake a project that converts energy generation to largely tidal sources. With your 
partner, elaborate some circumstances for some of the other possibilities Ask for some 
reports. ANSWERS VARY. For example, some students might say that puttingsolar collectors on 
smokestack might make sense in the following circumstances: The climate is a sunnv climate, 
solar collecto~s arerehtiwely inexpensiwe,andsolar energy technologyhadwnced to theex& that the 
energy demands ofsmokestackmbbers cnn behandled by theenergyproduced by thesolar panels akme. 

Work with your group. To help you decide which use of the soil is best, write the variaus 
things you would want to find out about each of them. Usk the descriptions of the 
circumstances in which these uses make sense. Jot them down so that you can share them 
with the class. POSSIBLE ANGRS: Whether there is enough acidic air pollution in a region to be 
harmful how much i f  would cost, whether it would please people if such a remedy werendopted whether 
anyone might get hurt if the specific possibility was put into practice, whether it would takea long time 
to put the solution into practice 

I THINKING ABOUT THINKING I 
What questions were important to answer as you did this kind of thinking? Students should 
mention at least the questions that are on the thinking map for generating possibilities. If they 
are having trouble, point to some of these questions and ask if each was a question we asked. 
Students idenhfy the following questions: What are some possible ways to reduce tliehannful effects 
of acidic air pollution? What other kinds of kinds of ways to do this are there besides theones mentioned? 
Are there any unusual or original uses? H a v  can you decide which use is best? 

What kind of thinking did these questions lead you to do? POSSIBLE ANSWERS: Generating 
possible solutions to a problem. Generating possibilities. Brainstorming possibilities. 



INFUSING THINKING IKTO INSTRUCTION-SECONOARY GENERATING POSSIBIL~ES 

How did you think of the ideas you f%st listed when you brainstormed? POSSIBLE AN- 
SWERS: I thought of one possible way of reducing theharm from air pollufion, limiting the use of thefuels 
that pollute by making some illegal. Then [thought of otherwnysof limitingthe useofpollufants, by using 
morealternatioe sources of energy. That led me to thinkabout who does the limiting, usually lazu maker. 
So Ithought ofhow elsea lawmaker might reduce theeffects ofacidicairpollutian,andcam up with Jaws 
that require carpooling. 

Is this a good way to try to generate ideas? Why or why not? POSSlBLE ANSWERS: Wecan get 
a lot of ideas this way. We have a chance to h e l o p  some really original ideas that we can test out later. 

Consider the thinking map I showed you at the beginning of the lesson Is this a good way to 
fonp questions to guide you for the next time you want to generate possibilities? If not, how 
would you change it? Most students say that this is a good way to organize the questions. 

In this activity, you worked in groups. Is this a good way to do brainstorming or would you 
.ratherwork on yourown? Why?Moststudentssay thatthqlike to workingroupsbecausethey 
get ideas fromotherstudents. If it comesup,identify thisas "piggybachg." Somestudents,say, 
however, that they would rather work alone because other students don't let them talk or 
because what other students say makes them confused. If these problems come up, ask the class 
to treat it as a aeative thinking/problem solving task: how can the group work be managed so 
that these problems do not arise? 

The next time you have to generate possibilities, how will you do it? Will the diagrams we 
used help you? What will you do with them? ANSWERS VARY. 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 

Study the history of the toxic waste problemat Love Canal in New YorkState. This toxic waste 
problem caused severe adverse health effects and ultimately drove people from their homes 
and from this community. Develop a chazt about the specific chemicals involved in this case, 
where they came from (including the chemical reactions used to pmduce them), and their 
hazards Use the enhanced brainstorming techniques we employed in the lesson on acids in 
the atmosphere to develop ideas about what might be done to "clean up" this site. 

Use the same tewiques  to brainstorm what might be done to prevent such calamities in the 
future while at the same time not compromising the need for the use of the types of chemical 
processes that ultimately caused this calamity. 

When you studied ancient Egypt, we learned that the pyramids axe a reminder of this great 
civilization Imagine you are in charge of building the pyramids. The plan is to build them 
of massive stone blocks. These blocks must be quanied, transported to the site, and moved 

1 into place. Select one of these tasks, and do some aeative thinking to generate possible ways 
of accomplishing it. 

I REINFORCEMENT LATER l 
Brainstorm possible ways to keep pests from destroying aops  without creating a.human 
pesticide hazard. 
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NFUSING THINKING IHTO INSTRUCTIOF~SEWNDARY GENERA~NG POSSIBI~ES 

Many wars have been fought because of disputes of diffemnt countries over temtory, 
resources, etc Pick a war that you have studied Brainstorm alternatives to violence as a way 
of settling the dispute that caused the war. What might the countries have done to avoid 
fighting with each other? 

l Select some dispute that you have been involved in Brainstorm ways of settling this dispute 
using the techniques employed in the lesson on acids in the atmosphexe. 
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ACIDS I N  THE ATMOSPHERE 

SOURCE MATERIAL ON THE IMPACT OF AC~D RAIN 

Acid rain is caused by the emission of exhaust to form sulfur dioxides which then combine 
gassg into. the atmosphere from the burning of with water vapor and air in the atmosphere to 
fossil fuels. Combw.tion of coal and oil by the form sulfuric add. 
transportation, oil refining, power generating S i r l y  nitrogen oxides, both NO and NO, 
and heavy indwhies of the world all contribute result from the combustion of gasoline in the 
to acid formation in the atmosphere.Gwline internal combustion engine 
b-g vehicles and coal burning electricity Precipitation of sulhte and nitrate ions a n  
generating power utilities are the main culprits. decrease the pH of a mountain lake to toxic 
Electricity productionaccounts for about 30% of levels. For example in Sweden, half of the lakes 
air pollution worldwide. Annually automobiles are acidic and in Wet  Germany half of the 
and power plants release more than 125 million forests have been damaged by acid rain 
tons of acid forming molecules into the atmo- When the PH of a mountain lake drops as a 
sphere. result of an inaease in the acid content of the 

Water vapor in the unpolluted atmosphere is atmosphere, aquatic animals and plants sensi- 
normally somewhat acidic (pH 5.6) due to oxi: tive to small changes in pH are adversely ef- 
dation of atmospheric carbon dioxide to form fected; often dying. It does not take a large 
carbonic add (H2C03). change in pH to produce major effects. For 

example at a pH of 5.4 the fish population drops 
CO, + H,O -+YC03+H+ + HCO; off precipitously. At a pH of 5.2, snails disap 

pear. Many plants also become threatened by 
H ~ ~ ~ ~ ~ ~ ,  heavily industrialized regions of the effeds of acid rain on their leaves. 

the United States and Europe routinely produce Acid rain also has a ve3r harmful effect to 
a pH of precipitation of about 4. There are cises humanartifa-res~eciall~ bd-tad =p- 
on record where rain has been as acidic as lemon bd-andmonumentsmadeof marble. 
juice (Norway, 1987) and inoneincident at Kane, Sulfuric add breaks down marble (aystalized 
Pennsylvania, as addic as vinegar. calaum carbonate) into calcium sulfide, a much 

~ d d  rain is made up of a mixture of nitric softer material; and releases carbon dioxide, 

(HNO,) and sulfuric (m) adds carried on according to thefollowing reaction: 
airborne dust partidesand in water vapor. These 
adds come from nitrogen and sulfur oxides H2Sq + CaCO, -) H20 + CaS04+ CO2 
produced as a by-product of the combustion of 
fossil fuels. For example sulfur impurities com- Pitting on many public buildings and monu- 
mody found in coal used to produce eledricity ments is often a sign of the effects of acid rain 
in power plants are oxidized during combustion 
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ACIDS IN THE ATMOSPHERE 

SOURCE MATERIAL ON COUNTERMEASURES TO ACID RAIN 

FOR USE I N  THE LESSON EXTENSION 

There are a number of countermeasures P In ~cnibbinpporesponse to 
now bemg used to fight acid rain. Automotive -tiomrequiringdeanerair,industrialemis- 
Catalytic conuerte~s and smokestack scrubbers sions fromsmokestacks have been reduced asa 
deal with preventing nitrogen and sulfur ox- result of treating fuels before they are burned, 
ides h m  reaching the atmosphere. Neufraliza- heating fuels as they are beingburnedand treat- 
timt deals with getting rid of the add once it has ing flue gases after combustion. Sulfur dioxides, 
been deposited on lakes, soil and forests. resulting from the combustion of s d f b  impuri- 

ties found m coal is a chief contributor to acid 
Neutralization One way to deal with the 

buildup of acid in lake is to neutralize it by 
adding a base. Recall that r .aeutralization reac- 
tion is a double replacement reaction, one in 
which the mixing of an add and a base pro- 
duces water and a salt. 

HC1 + NaOH+NaCl + Y O  
add base salt water 

rain. 
Prior to combustion coal can be cleaned of 

many impurities by a method called physical 
coal cleaning (KC). By mixing crushed coal in 
water, the difference in their speclfic gravity 
allows coal to float whereas impurities such as  
sulfur sink Sulfur removal approaches 35% by 
this method. 

I t  is also possible to remove sulfur dioxide as 
it is being produced during the fuel burning 
process itself. Ina process called FBC ( ~ l u i d i i  Acidified lake water can be neutralized by bed pulverized coal is -ed with 

adding the base calcilm, G3rhnate (==03), powdered limestone and bun\& at high tern- 
aka called limestone. Limestone is used be- 
cause it is easily found in the large amounts perature (1000°C). Caldum sulfite is produced 

typically used to treat a lake. and sulfur dioxide emissions are reduced. 

I %K), + CaCO, 4 Cam, + CO, + H20 

I Calaum oxide (CaO) is used to neutralize 
aadified soil. It is made from limestone at high 
temperature in a lime kiln. 

I .CaCO, + heat + CaO + CO, 

l It is then mixed with water to form slaked 
lime(Ca(OH), 

I CaO + %O + CdOH), + heat 

l Slaked Lime is then applied to aadiied soil. 

so, + caCO$+ &so3 + CO, 

However, to substantially reduce emissions 
scrubbers are us@. They reduce pollution after 
combustion by using centrifugal force, electric- 
ity, liquid sprays, chemicals or other means to 
scrub toxic gases before they leave the stack. 
They can remove 95% or more of sulfur pollut- 
ants from smoke stack flue gases and greatly 
reduce add rain. 

Look at Figure 1 below. It is a diagram which 
shows how three of these methods work. 

Cyclones Cyclones are a mechanical process 
used to remove solid and liquid particles from 
the waste gas stream before it enters the ahne 
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Electr-b 'c Precip' ltators Electrostatic pre- 
dpitators are also used to remove small par- 
ticles from the gas stream. They are used in 
nearly all power plants. Dirty gas enters in a 
horizontal direction where it passes along high 
voltage electrodes which ionize small particles 
suspended in the gas stream. The gas stream 
then passes through a series of collecting plates 
which have the opposite charge The plates 
collect the ionized pollutants which can then be 
disposed of. The following figure diagrams this 
process. 

Figure l 

sphere. Dirty gas with suspended particles of 
waste enter the cyclone on top. As the stream is 
forced downitspirals. Particlessuspended in the 
gas stream are forced against the sides of the 
cyclone where they fall by gravity to the bottom. 
The deaner gas stream is then either fed into 
another cyclone or is sent to the smokestad. 
Multiple cyclone collectors can remove about 
90% of solidand liquid @cl= fromgasstreams. 

Svray Towers Spray towers are also know as 

M- 

am.. i - 
~ n r w . , r n  

wet scrubbers and work by bringing a liquid Figure 2 
spray (usually water) into contact with a con- 
taminated gas stream. When they mix, the water Catalvtic Converters There are about a half a 

will dissolvesoluble contarninan& and thespray billion automobiles in the world and they all 
will capture stream borne particles. ~i~~~ water contribute to air pollution Auto emissions in- 

is collected at the bottom of the wet saubber. cludepollutantssuchas hydrocarbons(HC) and 
Refer to Figure 1 above. carbon monoxide(C0). These are removed at 

A specialized process of wet saubbiig can be one end of a typical automotive catalytic con- 

applied to thedesulfurization of flue gases. It verter by combining with oxygen in the pres- 

combink the technology of thespray tower with ence of heat and a catalyst (platinum or palla- 

neuhilization chemistry to clear sulfur dioxide dium ) to produce carbon dioxide and water 

fromsmokestackemissions.The process is known vapor in a catalyzed combustion reaction. 

as flue gas d&ulfurization (FGD) During FGD 
the wet saubber spray is made up of a slurry of CO + HC + 0, + Heat -+C02 + H20 
water and either lime or limestone. Sulfur diox- 
ide reacts chemically with the slurry in the pres- Refer to Figure 3 below for a diagram of a 
ence of oxygen and is removed as calaum sulfate. typical automobile catalytic converter. 

Theautomobile is also the mainculprit in the 
CaC03 + S% 4 &SO, + CO, production of airborne nitrous oxides which 

CaSO, + 1 /20, +CaSO, end up reacting to form the nitric add part of 
add rain. Regulations now require the.installa- 
tion of catalytic converters to remove not only 
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because the same procgs (combustion at high 
temperature) which gets rid of CO and HC 
increases the production of nitrous oxides. 
Therefore,adifferent catalyst,Rhodium,isused 
to remove nitrogen oxid&, NO and NO,. 

A catalyst inam the rate of a reaction 
without Wig used up in the reaction It does 
this by lowering the amount of energy neces- 
sary to make the reaction happen In many 

m*., 
C.."-- 

catalyzed reactions this is accomplished be- 
causetheatalystprovid~a~ceuponwhich 
the reaction can more easily occur. Rhodium 
works in this fashion When exhaust emissions 
pass through the rhodium covered honeycomb 

Figure 3 found at theother end of the catalyticconverter 
thereductionof nitrogenoxides tonitrogengas 
and oxygen is catalyzed. 

carbon monox~de and hydrocarbons, but also 
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Sample Student Responses Acids in the Armosphere 
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THE HUMAN ORGANISM 

LESSON 

INTRODUCTION TO CONTENT AND THINKING SKILUPROCESS 

We often recognize parts that make up a whole. For example, most of us can readily name the 
major parts of a bicycle. We also may know how these parts work. Some have obvious 
functions: the seat is for sitting, the handle bars are for steering, the air valve allows air into 
the tire. Other parts, however, have a more complex operation For example, how do the 
caliper brakes on a bicycle work? POSSBLE ANSWER They work by pinching both sides of the 
tire rim, produang friction, and slowing or stopping the wheel from turning. That's how they 
slow or stop the bicycle. 

Just as a bicycle is a system of parts working together, each part is also a system of parts. To 
understand how the brakes work, we have to be able to identify and determine the function 
of the parts of the brake system. Who can identify the parts which make up the brakes on a 
bicycle? Brinz a bicvcle into the classroom, or draw a diagram of a bicvcle on the chalkboard to 
illustrate these&*. ANSWERS INCLUDE: The brake pads, cnli&n-, cable ties; tension nuts, springs, bolt 
and washers that hold the twosides of themlivers together. Most of vou understand how these oarts - 
work with each other to stop the bicycle. Demonstrate how the parts of the brakesystem work 
together to stop the wheel from turning, or elaborate your diagram to show this. 

Most of usalready know enoughabout a bicycle and its parts to diagnose many of its problems 
and make simple repairs. For example, what is probably wrong withabicycle which produces 
a rubbing so&d eiery time it moves, and how would youcomct thi problem? ~ I S B L E  
ANSWERS: The brake mlipers are not centered and the brake pad on one side is rubbing;@ by centering 
the brakemlipers. The wheel axle is not centered within the forkand the off-center wheel is rubbingagainst 
one prong;fix by loosing the axle nuts and recentering the wheel between the forkprongs. The wheel rim 
is bent and rubs as it turns;fix by either replacing the wheel or adjusting the tension on its spokes. When 
we figure out what part of a whole mechanism is malfunctioning we are "troubleshooting" 
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the problem. The reason that we can so readily troubleshoot the rubbing sound in the above 1 
example and identify the parts responsible, is because we understand what their function is 
in the bicycle. In a sense we have a bicycle troubleshooting guide in our head because of this 
understanding. Understanding the function of the parts is a result of knowing what would 
happen if  the part malfunctioned or was missing. 

In ordertofully understand the whole, mery part must be named, its function defined and its 
relationship to the whole expressed Lets see how close you come to fully understanding how 
abicycle works. Workin groups and l i t  as many bicycle parts and their functions as you can I POSSIBLE ANSWERS INCLUDE brakes, to slow m n  and stop the bicycle; handlebars, to turn the Wheel ~ 
in order to steer the bicycle; handgngnps, provide nonslip surface to hold on to so that you can steer;gear 
shifters, pull thegearshift linesso thechain mWIU movein aridout of engagement with thegears;handbrakes, 
pull the brake lines in order to close the calipers; brake lines, close the cn1ipm;gear lines, shift the chain 
guide; chain guide Fhanges gear ratios; axle, holds wheels; wheel rim, holds tires; tire,grips thegraund 
so that when the wheel mmes the bicycle moves along theground; spokes,absorb bumps, smoothen ride, 
holds the wheel rim straight; frame, holds m . n g  parts; seat, supports rider; reflectors, provide safety; 
calipers, force brake pads against wheel rim; brake 
pads,producefnction. Congratulations, it appears 
that you know a lot about a bicycle. You under- 
stand how its parts function In order to have 
understood the relationship between the parts 
and the whole bicycle you probably thought in 
a manner described by a thinking map similar 
to this one (at right). For example, after you 
identified the brakesas a major part of a bicycle 
I asked you to think about their function If you 
thought about question (2) and asked "What 
would happen to the bike if it had no brakes?" 
in order to respond to question (3), what came to your mind? Soliat responses f rom the whole 
class. ANSWERS INCLUDE: I wouldn't beable toslow or stop the bike when I wanted to. I might crash and 
hurt myself. The function of the brakes is to slow or stop the bike when the rider wants to in order to avoid! 
crashing and hurting himselfor herself. minkingin this manner can also guide you when you are 
investigating a whole object whose parts you are less familiar with than a bicycle. i i 

DETERMINING PARTS-WHOLE 
RELATIONSHIPS 

1. What smaller things make up the whole? 

2. For each part, what would happen to the 
whole if it were missing? 

3. What is the function of each part? 

! 

Organisms are also mechanisms which can be well understood by identifying their parts and! 
understanding what would happen if the part malfunctioned or was missing. In biology we 
have already explored the detailed composition of many plants and animals by naming the 
parts which make up the whole organism, then learning the function of the parts, and then 
the relationship between these parts much like we did in the discussion of the bicycle. You 
may not have been aware of it, but you were practicing skillful thinking! What are some other, 
things you have studied thatyou now recognize you havestudiedin this way?ANSWERSVARY~ 
BUT MAY INCLUDE: the components of the atom; the interadions of various types ofatoms in forming the1 
macromolecules of life; the cooperation between organelles necessary for the functioning of the cell; the j 
relationships between different tissues making up organs. You may have noticed that the "who1es"l 
become more complicated and the "parts" more varied as the course progresses. 

8 

In order to cope with this increasing complexity, a somewhat more formal organization of our1 
thinking guided by the thinking map or parts-whole relationships will be helpful. Seeing the 
"big picture" and appropriately determining parts-whole mlationships of complex material 
is an ideal opportunity to explicitly practice skillful thinking in biology. 



THINKING INTO INSTRUCTION--SECONDARY PARTS OF A WHOLE 

I THINKING ACTIVELY 

Today we begin a unit on the most complex of all living organisms, the human body. In fact 
I there are so many parts which make up the human organism that one entire division of 

biology is devoted to naming them (human anatomy) and another to describing how they 
work (human physiology), another to describ'ing how they malfunction (pathophysiology) 
and another to troubleshooting and repairing the problems (medicine). The most direct way 
to study so complexawhole is tobreakit down into manageable collections of parts. In human 
biology the majorcollections of parts are called organsystems How many organ systems can 
you name? In your groups make a list. ANSWERS INCLUDE: The dzgeshve system, the resplratoy 
system, the nervous system, the reproductive system, the nrculatoy system, the skeletal system, the 
muscular system. LESS OFTEN MENTIONED: The endocrine system, the zntegumentay system, the 
lymphatzc system, and the urina y system. 

Let's first apply the steps in the parts-whole thinking map to the organ systems in learning 
about the human organism Work in your groups and 
use th is  graphic organizer for determining parts-whole 
relationships to enter the list of organ systems you just 
developed in the boxes for parts of the object Write 
"The Human Organism" in the boxmarked1The Whole 
Object." Use your text as a reference to add any others 
that may have been omitted so that you have a complete 
list of human organ systems. After a few minutes solicit 
responses about the organ systems from the class and 
demonstrate on a transparency how to fill in the parts of 
theobject sectionof thegraphic withorgansystems. Have 
each group name one organ system and return to that i 
group after others have had a chance to contribute. 1% 
I'roduce a class response composite on a transparency. 
All twelve organ systems should be included. I I 
Just as we did with the brake system in the bicycle, 
breakeachof these systemsinto theirmajorcomponent I 

...~.~ 
..*7 parts. For example, the digestive system is made up of ~ ~ + s ~ ~ . ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ : : ? ~ ~ x ~ ~ ~ 3 E ~ ~ ~ z ~ ~ 5 ~ . ~ x ~ ~ z - 8 : ~ :  

which components? Ask for responses from the whole 
class, but accept only one per student responding. ANSWERS INCLUDE: the mouth and teeth, the 
esophagus, thestomach, the intestines, the rectum, theanus. Work togetherin yourgroups again and 
list the major components of each of the systems of the body you have identified undernmade 
up OF in the parts boxes in your diagram Use your textbooks if you need them. After a few 
minutes, ask the groups to report by mentioning a set of parts of one of the organsystems. Write 
these on the transparency of the graphic organizer. ANSWERS INCLUDE: Skeletal system: bones, 
joints, cartilage; musculnrsystem: muscles, ligaments, tendons; nervous system brain, receptors, spinal 
cord, nerves;cardioaascular system: heart, blood vessek,artenrtenes, blood; urina y system: kidneys, bladder, 
urethra, ureter; reproductive system: male and female reproductive organs; respiratory system: pha ynx ,  
larynx, trachea, bronchial tubes, lunxs; lymphatic system: Thoracic duct, lymph nodes, lymph vessels; - .  

endrocine system: various glands, pancreas, testes, oiaries, hormones; inte$m&ta system: skin, hair, 
nails. 

Now that we have assembled a l i t  of human organ systems and their parts, lets figure out 
what the function of each system is. By learning what each system contributes to the biology 
of the entire organism, we should be able to uncover relationship between the systems. In 
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other words we should reachan intelligent understanding of how the whole human organism 
works by understanding the relationships between its parts. In order to determine the 
function of an organ system, let us ask the question that appears on the thinking map: What 
would happen to the whole organism if the particular organ system did not work? Remember 
how we did thiiswhen we asked what wouldhappen if the brakes failedwhile you were riding 
a bike? Lets apply this tactic to the study of the humanorganism. In your groups consider one 
organ system Assigneachof theorgansystems toa differentgroup. Ask them to write the name 
of their organ systems on the "Part Considered arrow in the diagram. Discuss what might 
happen to the human organismif this organ system were to malfunction because one or more 
of its parts did not function, or if it didn't workat alL Use your text as  a source of information 
if you need to. For your assigned organ system fill in the W h a t  would happen t o  the object if 
thepartweremissingbox If possiblehavestudentsview appropriateepisodes of thevideo Body 
Atlas, or other relevant source material. After a suitable inqujr period have each group report 
back by identifying their organ system and then describing what would happen if it malfunc- 
tioned. POSSIBLE ANSWERS: If the skin fails, the body will become dehydrated. I f  the joints get arthritic, 
movement will be difficult. If muscles atrophy, strength will disappear. If the spinal cord is severed, 
paralysis will result. If the heart stops, it will no longer be able to pump blood to the brain and the body 
will die. If the lymph system fails, edema will result. If the lungs get damaged, or fail to operate becnuse 
of disease, suffocation might result. If the stomach weren't there, digestion of certain foods would not be 
possible and malnutrition or death might result. I f  the intestines stop working, food will not be digested 
and staroation will result. I f  the kidneys malfunction, blood borne poisons will reach toxic levels. If 
reproductive organs fail then there would be no reproduction. If the immunesystem failed, then our body 
would be defenseless against pathogens and we would get serious infections. 

Based on these ideas, take a few minutes and lpflect on the function of the organ system in 
relationship to the organism and then write a statement summarizing your thoughts in the 
bottom boxof the graphic organizer. Have two or three groupsreport back,andaskeachgroup 
to turn in copies of their graphic organizer. POSSBLE ANSWERS The function of the skin is to 
protect other organs. The heart pumps and delivers oxygen and nuh.ents to tissues. The urina y system 
stores and then removes nitrogenous wasfeand excess metabolifes. The lymphntic system remmes excess 
liquids from tissues,and lymph nodes act to strain foreign materialsfrom lympth and blood. The immune 
system provides defenseagainst foreign organisms that might damage parts of the body by infection, such 
as bacteria. 

Now that each group has determined 
the function of a major part of the 
human organism, lets put this infor- 
mation together in a way which will 
reveal the relationships between the 
parts and the whole, between the or- 
gan systems and the functioning of 
the whole human organism. Record 
the results from each group on the 
summary chart of all the parts consid- 
ered (the "Interrelationship Between 
Parts and Whole" graphic organizer) 
andgivea copy to eachgroup. We will 
now put all this information about 
the functionof organsystems together 
so that we might understand the rela- 
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tionship between organ systems and the human organism. Each group should compose a 
statement indicating the interrelationship between these twelve organ systems as they 
contribute to the functioning of the human organism. Remind students to besure to consider 
not only the relationship between organ systems and the organism, but also between various 
organ systems themselves. As examples, desaibe some of the interrelationships between the 
cardiovascular and respiratory systems; the immune and lymphatic systems; the nervous and 
muscular systems. Geate a large version of this new graphic organizer with the parts, what 
would happen if the part were missing, and the function boxes filled in as they are on the copies 
given to the students. Post this on the wall or on the chalkboard. When the groups have 
composed their relationship statements,aska few of the groups to report. Collect thestatements 
from all of the groups and blend them together into one integrated statement from the whole 
class. This may take overnight. POSSIBLE ANSWERS: The human machine is bust to procure and 
consume food and then process it into an absorbable source of energy that is used to power self defense, 
propagation of the species and metabolic housekeeping. Higher thinking centers ofthe brain work with the 
sensmy apparatus for the nervous system to locate food and then coordinate muscle contractions which 
produce movement of bones; as a result food is acquired and ingested. Meanwhile, steady state body 
temperature, blood pH, hormone and enzyme concentrations, heart and respiratory rates, me adjusted in 
response to eating by the endocrine system. Nutrients absorbed are delivered to celk by vesselscontaining 
blood pumped by the heart. Oxygen, required for the metabolism of nutrients into life sustaining energy, 
is acquired by the respiratory system and delivered to each cell by the circulatory system. Lympth collects 
lenkedfluids and strains out foreign particles like bacteria while the kidneys r e m  excess electrolytesand 
nitrogenous wastes which are then collected in the bladder as urine. Undigested food is remooed during 
excretion. The human organism is protectedfiom the external enmronment by skin and hair and defends 
against infection with the immune system. The organ systems of the human organism cooperate in order 
to maintain continuity of the species. This is achieued thorough sexual reproduction requiringproduction 
and delivery of male and fernalegarnetes. 

Just a s  the organ systems are systems of parts working together, the whole human organism 
is a complex system as well. Based on your parts-whole ana1ysis;work in your groups and 
come up with a definition of what makes a systemlike thesesystems. Whatis if forsomething 
to be a system? ANSWERS VARY, but usually include the idea of parts working together in 
regular ways to bring about an overall result. Students sometimes say that there must be a 
purpose that they all have. Thisis anopportunity to discuss withstudents thedifferencebetween 
results, functions, and purposes, and to raise with students the question of whether there are 
purposes in the natural world. 

THINKING ABOUT THINKING 

What kind of thinking did we do in this lesson? Determining parts-whole relationships. I 
How was the way you thought about the parts of a whole human being different from 
other ways that you've thought about parts of wholes before? ANSWERS VARY BUT TYPI- 
CALLY INCLUDE: In other school actioities, like when we studied the atom, I was just asked to list 
the parts, like the nucleus, electrons, etc. This time I had to think about what the parts I identified 
did - how they helped the whole organism of which they were a part. 

Is this a better way to think about parts and wholes? Students typically say that it is 
because they understand what they are studying better. They say that they especially like 
figuring out how all the parts work together. 



How did you decide what parts to write in the "parts" boxes? ANSWERS VARY, but include 
two standard approaches. Either they thought about the big parts first, and then asked 
''What are these parts made of?", or they thought about the big parts and then, for each 
part, broke it down into its parts This was easy in this lesson because they were asked to 
think about the "systems" that make up the human organism, and they had already 
studied these. In some cases, students identified these systems by asking themselves 
what the human organism does and then how it does it. Having a diagram of the human 
body helped, some say. They wanted to make s u e  they got all the major systems of the 
body. 

How did you figure out what would happen if the part you were considering were 
missing or defective? Students often mention that they tried to remember cases in which 
someone lacked one of his or her body parts, and what happened to the person. Or they 
say that they imagined they didn't have one of their body parts, and then imagined what 
it would be like. Some students say that they remembered what would happen from 
their work in biology, while others had to look up what would happen in their text or in 
a reference book. 

Is thinking about what would happen if the part were missing a good way to figure 
out what the part does? Many students say that once they've said what will happen if 
the part were missing it's easy to figure out what the function of the part is. Students 
often sav, however, that we should make sure we rret reliable information about what , . " 
will happen if the part were missing because we could make a mistake if the information 
weren't correct. Many students say, however, that when they don't know what will 
happen (usually when they are ukamiliar with the part) and have to look up what will 
happen if the part were missing, damaged, or diseased, it would be just as easy to look 
up directly what the function of the part is in some reference book. However, they say 
that by finding out what will happen if  the part were missing they understand what the 
function of the part is much better than if they just read how it functioned. 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 

Perhaps the most important parts of a living thing are its cells. Living cells are the basic 
building blocks of all living things. As you know from your studies, living cells have parts 
that function together to make a cell be able to do what it does in a living organism Use the 
strategy for parts-whole analysis to determine what the parts of a cell are and how they 
function. 

Determine the parts of the whole that makes up our solar system What are each of the parts 
and how do they function with regard to the whole? 

The school system in which you are learning is also a whole with parts that have specific 
functions. Use your skill at parts-whole relationships to determine the relationship between 
the parts of the school system and the whole system. Include specific consideration of 
individual people in the rules they have in the school system, e.g. your school principal, the 
crossing guard, etc. 



Lustm T.NKING two INSTRUC~ON-SECONDIRY PARTS OF A WHOLE 

l REINFORCEMENT LATER I 
l Just as many natural things make up complexsystemsin which parts interact like in thehuman 
/ body, so do many human-made objects. Identify some complex human-made objects or 
i systems ANSWERSVARY BUTSOMETIMES INCLUDE:A jet airliner, an automobile, a computer, 
1 a telephone, the telephone system, a factory, the government. Pick one of these and do a 

parts-whole analysis of it. When you've finished make up asystems diagram to show how 
the parts interact. 

* Apply what you've learned about parts-whole analysis to something you've been 
studyingin one of your other subjects inschool, for example the parts of a story,of apiece 
of music, of a musical instrument, of a family, of a complex society like the United States, 
or of a language. 



Samole Student Resoonses-The Human Machine-The Function of a Part 

CARDIO- 

W E  UP OF MADE UP OF MADE UP OF MADE UP OF MADE UP OF MADE UP OF 

llwracic Dud 
Lymph Nodes Bronchial Tubes Bladder R e p r o d u m  While Blood 

Vessels Uremra Or am 

If any of the organs which make up the digestive system -the esophagus, stomach, intestines, rectum 
and anus-were to become impaired or fail, then the absorption of nutrients and reabsorption of water 
into the Mood would be either restrided or prevented. If the apply of energy containing nutrients such 
as glucose are rot absorbed into the Mood then they can not be transWRed to tissues where they are 
ab&lutely essernlal for cellular metabolism. ~ i thou i tue l  and other e&ntial mlecules, cells die..tissue 1 die. organs die and uhmately the organism dtes. Therefore a maltundoning digesLive system can lead p@?J 

.a ta malnutrition and death. Ghvdration and death can resun from a failure to reabsorb water. 

WHAT IS M E  FUNCTION OF THE PART? 

The digestive system functions to provide essential nutrierns and water to the ceilularfactory by pro- 
cesslni lood It IS composed of a mordlnated set of organs which process food by brealung fl oown I mechan~cally and chemfcally lnro smaller and smaller panldes, ulumateiy usable nutrients are reduced 
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l GRAPHING CONIC SECTIONS l / Mathematics: Intermediate Algebra Grades 9-12 1 

l LESSON 

INTRODUCTION TO CONTENT AND THINKING SKILLPROCESS 
Think about the different ways that products are grouped in the supermarket. When 

we group things together because they all have something incommon, we are classify- 
ing them. With your partner list as many ways as you can think of that food and other 
products in the supermarket are grouped. Give some examples of each way of group- 
ing them. List students' responses on a chalkboard or newsprint under the heading 
"How things are classified in the supermarket." POSSIBLE ANSWERS: Type offood (fruit, 
vegetables, beverages, mixes, pats), utensils for the home (food preparation utensils, storage 
containers, cleaning tools, waste containers), beauty or health products (products to clean or 
protect teeth, or skin, hair care products,first aid supplies, medications for minor ailments), foods 
that are used together (cake preparation [mixes, spices,j'lour, sugar], ethnic foods, foods for special 
diets), size and type ofcontainer (bulk or giant size packages may be grouped together on racks 
that are large enough to hold them), storage (food that doesn't spoil quickly is stored on shelves, 
perishable foods in a refrigerator, or frozen foods in a freezer), whether or not a sales'person has to 
get you a particular amount (bakery or deliproducts are bought by the amount the customer 
wants), whether or not a sales person has to take special care of it (fruit and vegetables in the 
produce department must be watered, rotated, and spoiled items removed each day). 

We always have a purpose for classifying things the way we do. Select one way of 
classifying things in the supermarket and describe to your partner why you think 
things are grouped that way. List students' responses under the heading "Why things 
are classified this way." POSSIBLE ANSWERS: Type offood (tojind them easily when needed), 
utensils for the home (to find them easily and to display the type or size of utensil that is needed 
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for a task), beauty or health products (tofind theiiz easily),f~ods that are used together (to renzind 
us of products that are used in the same types of recipes, to show substitutes of some products, to 
display them the way people store them at home tofind them early), storage (to prevent spoilage), 
whether or not a sales person has to get you a particular amount (to get only the amount of food 
that the customer wants), whether or not a sales person has to take special care of it (to keep it 
fresh). When the list is complete add a summary statement at the bottom, for example: In 
the supermarket most things are classified to help us  find what we want to buy and to 
keep the food fresh. 

Once things are classified a certain way, we have to understand what defines things 
in these categories in order to add other things to the same group. If you worked at the 
supermarket and stocked shelves every day, you'd have to know where to put things. 
Sometimes products come labeled and it's easy. For example, when you unpack a box 
which is labelled MacIntosh Apples, it's easy to put them in the correct bin: the one 
marked MacIntosh Apples. However, when things don't come labelled, you have to 
know what characteristics products should have in order to fall into the different 
categories, and you have to be able to identify items that have these characteristics so 
that you can put them in the right bin. To define a category, we identify its defining 
characteristics: the set of characteristics that all and only that kind of thing has. For 
example, when we think of fruit, knowing its defining characteristics help us identify 
many kinds of foods that fall into that category. With your partner, list all the defining 
characteristics of fruit that you can think of. After partners have had time to list charac- 
teristics of fruit, record their responses on the board. POSSIBLE ANSWERS: Fruit grows on 
plants (trees, bushes, vines). It is thefleshy part of the plant that surrounds the seeds ofthe plant 
where a blossom used to be. Thefleshy part can be eaten without being cooked. 

Knowing the defining characteristics helps us identify things correctly. It may be 
easy to identify fruit, but where in the fruit section should you put a specific type of 
fruit? That depends on what defines the kind of fruit it is. Hold up the kiwi fruit. If 
none is available, select a fruit or vegetable that students do not commonly buy. What is 
this? A kiwi. How would you describe it to someone else? It is afruit that is smaller than a 
pear and larger than a plum. It has a thin brown skin, sometimes looks almost hairy, and has 
green pulp inside. It tastes mildly sweet and comes originallyfrom the South Pacific. Why 
would it be important to know the defining characteristics of the kiwi? POSSIBLEAN- 
SWERS: Ifyou have to put newfruit out, you'd know where to put kiwis. Ifyour mother sends you 
to the supermarket for one, you need to know what to lookfor or askfor. You also need to know 
whichfruit the sign and the price refers to. You may also have to know what you are getting, if 
you are trying one for thefirst time, so that you can make sure that it is the rightfruit. To de- 
scribe a kiwi accuratelv or to be 

< 

whether a specific item is classi- 
fied correctlv: 

sure that we are selecting the 
right fruit when we look for a 
kiwi, we must be very clear of the 
defining characteristics of a kiwi. 

The thinking map to the right . 
summarizes the questions to ask 
when you try to determine 

,, ., ." .,,. ~ .--.,. ",.." , . , - ~  -.,, ~.~"*,.,,*.- " ..,. ..> ,". ...~ 

TOP DOWN CLASSIFICATION 

1. What are the defining characteristics of the categoty (ies) 
under which I want to classify things? 

2. What are the characteristics of the items to be classified? 

3. Into which category should each item be classified? 



It isn't just in the supermarket that things are classified. We classify almost every- 
thing we know about in a variety of different ways, all for various purposes. When 
you studied mathematics in elementary school, for example, you found that in math- 
ematics numbers are classified in various ways, such as into whole numbers or frac- 
tions. So are the shapes that you studied in geometry. They are classified in various 
ways for the purpose of understanding important facts about them. Like in the super- 
market, once we understand what defines the way we classify different types of tri- 
angles, for example, we can identify individual ones that should be classified the 
same way. Then we know that what we can prove about the type of triangle applies to 
the individual triangles that are of that type. For example, when you classify triangles 
by the size of the angles what are the different ways that they are classified in geom- 
etry? Right triangles, obtuse triangles, and acute triangles. What are the d e f i g  character- 
istics of each of these types of triangles? POSSIBLE ANSWERS: Right triangles have one right 
angle; a right angle has 90 degrees. Obtuse triangles have at least one angle that is more than 90 
degrees. Acute triangles have all three angles less than 90 devees. When you sort them by 
sides, what small groups can you sort them into? Equilateral triangles, scalene triangles, 
and isosceles triangles. What are the defining characteristics of each of these types of 
triangle? In equilateral triangles all three sides are the same length. In isosceles triangles two 
sides are equal. In scalene triangles none of the sides are equal length. 

Given these defining characteristics, how would you clas- 
sify the following triangle? Ask for responses from the class. This 
triangle is a right triangle that is isosceles. What are the defining char- 
acteristics of the triangle that you noted on the basis of which you 
classified it this way? It has a righf'ingle and two sides are equal in length. 
What are some theorems that you have learned about right triangles? The 
pythagorean theorem: the square ofthe hypotenuse is equal to the sumof the squares of 
tlze other two sides in a right triangle. This is what I meant when I said that once 
you have classified a specific triangle a certain way -- for example, as a right tri- 
angle -you know that what you've proved about the type of triangle it is (in this 
case the pythagorean theorem) applies to this particular triangle. Can you think of 
anything else you know about this triangle because it is an isosceles triangle? 

THINKING CRITICALLY 

In analytical geometry we've been studying ways that algebraic equations can be 
mapped onto graphs in a way that produces straight lines with certain characteristics, 
their slope. Review positive, negative, and zero slopes, and explain to students the 
algebraic equations that define these slopes. 

We are now going to use skillful top-down classification to identify equations 
which produce graphs which are not straight lines. One set of equations in particular 
produces lines which are collectively called conic sections. The four different curves 
representing different conic sections that we will study in this lesson are the ellipse, 
the parabola, the hyperbola, and the circle. We will derive the standard form of the 

01 997 CRITICAL THINKING PRESS & SOFTWARE P.O. BOX 448 PACIFIC GROVE, CA 93950 800-4584849 167 



algebraic equations that define each of these curves. Explain that the graph of a conic 
section can be represented by the intersection of a plane and a cone. Draw a sketch on 
the board or on a transparency which clearly demonstrates this. Remind students that 
they have already learned the standard form of the quadratic equation, y = ax2 + bx + c, 
and that the graph of this equation is the parabola. Review finding the vertex and the 
axis of symmetry for a quadratic equation. 

A circle is also a conic section. Show students that a circle is formed by the intersec- 
tion of a cone by a plane which is parallel to the base of the cone. Explain that a circle can 
be defined as the set of all points P(x,y) in the plane that are a fixed distance from a given 
point C(h,k) called the center. The fixed distance is called the radius of the circle. Ask 
students to use their text to look up the standard form of the equation of a circle. The 
standard form of the equation of a circle is defined as (x-h)= + ( ~ - k ) ~  = I. Practice 
finding the equation of a circle when given the radius and the center. Explain that there 
is an alternate form a an equation for a circle, x2 + y2+ ax + by + c = 0. 

Let's now think about the circle as a way of classifying a geometrical figure in ana- 
lytical geometry. What is the defining characteristic of a circle in analytical geometry? 
Ask for responses from members of the class. Students should recognize the equation (x- 
h)2 + (y-k)I = Z as the defining characteristic of a circle. What is the defining character- 
istic of a parabola in analytical geomehy? It is y = axZ + bx + c. -. 

We're going to also come up with the standard form of the equations that define an 
ellipse and a hyperbola. An ellipse is another conic section. An ellipse can also be 
represented by the intersection of a cone and a plane. Demonstrate this on the chalk 
board or transparency. Explain that there are two axes of symmetry for an ellipse and 
that the intersection of the two axes is the center of the ellipse. A hyperbola is a conic 
section that is formed by the intersection of a cone by a plane perpendicular to the 
base of the cone. Demonstrate this on the chalk board or transparency. The hyperbola, 
like the ellipse, has two axes of symmetry. But the hyperbola also has two vertices. The 
center of a hyperbola is the midpoint between the two vertices. 

When we have determined the equations that 
define these remaining two conic sections, I'm 
going to give you a number of specific equations 
and ask vou to identifv which conic section these 
equations represent by determining whether they 
have one or another of the characteristics that de- 
fine these geometrical figure. What I mean by this 
is that you will have to determine whether any of 
the equations I will be giving you to work on can 
be written in the form of any of the equations that 
define the graphing of these conic sections. In 
order to make this all clear and explicit we're going 
to work with a special graphic organizer for top- 
down classification. It looks like this: 

l v 
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Enter the four classifications of conic sections in the boxes at the top of the graphic 
organizer and write the defining characteristics if the two conic sections we have just 
worked with in the appropriate part of the box. Now let's complete the top of the 
diagram by finding out the standard form of the equations that define the remaining 
two conic sections, the ellipse and hyperbola. You may consult your text books for 
these equations or derive them in some other way that you think will yield them. 
Students report that the form of the equations of 
an ellipse with its center at the origin are: 

x2/a2 + y2/bZ = 1 (the axis of symmetry is the 
X axis) 
xZ/b2 + y2/a2= 1 (the axis of symmetry is the y 
axis), 

and that the forms of the equation for a hyper- 
bola with its center at the origin are:. 

x2/a2 - y2/b2 = 1 (the axis of symmetry is the 
X axis) 
yZ/a2 - xZ/b2 = 1 (the axis of symmetry is the 
y axis) 

Their graphic organizers should now look like 
thii: 
Explain that if the ellipse has i ts center at the 
origin then its axes of symmetry are the X and y 
axes, and that by finding the X and y intercepts 
for an ellipse, given that it is oval-shaped, a 
graph for an ellipse can be easily sketched. You 
may wish to explain the use of asymptotes to assist in sketching a hyperbola. Describe 
the equations of asymptotes of a hyperbola with its center at the origin. 

( Here is a specific equation: I 
This represents one of the conic section we have been studying with a specific size 
and shape. A shortcut in plotting this on a graph is to determine which conic section 
this represents and then ascertaining its dimensions. When you determine which 
conic section this represents you are classifying the equation as either an ellipse, 
circle, etc. We will use the graphic organizer you have been working on to determine 
which classification the equation falls under. Write this equation under "Item to be 
classified" on the graphic organizer. Now consult the standard forms of the equations 
for the four conic sections. Is this, or can this be, written in the form of one of these 
equations? If so, write this in box labelled "Characteristics." This box is for the charac- 
teristics of the item to be classified on the basis of which you can classify the item as 
one or another of the graphed conic sections. Students identify this equation by inspec- 
tion as already in the form of: X = ay2 + by + c. A typical student answer written in the 
characteristics box is: X = l/2y2 - y + 1 is written in the following standardform: "X = ay2 + by 
+ c". Now write how the item to be classified should be classified based on the defin- 
ing characteristic you have just identified. Students write "Parabola" in the "HOW Clas- 



Now plot this equation on a graph to confirm the way we have classified the equa- 
tion. Include your specifications of the coordinates with your graph. Student work is 
included at the end of this lesson. 

Here is another equation: 

You can't tell by inspection what the form of this equation is. What other technique 
can be used to determine what the form of this equation is? We can try to sirnplzfi it and 
see ifit can be reduced to one of the standard forms ident$ed above. Write your work in the 
characteristics box and identify what the form of this equation is. Students simplify 
this equation to yield (X + 3/2)2 + (y-l)?= 17/4. They identify this as an equation of the 
form (X - h)2 + (y - k)2kU I2. They write this in the characteristics box. Based on your 
identifying this characteristic of the item to be classified, how should it be classified? 
Write this in the box at the bottom of the diagram. Students enter "Circle" in that box. 

Now plot this equation on a graph to confirm the way we have classified the equa- 
tion. Include your specifications of the coordinates with your graph. Student work is 
included at the end of this lesson. 

. . 

Here are a number of additional equations. Use the graphic organizer in the same 
way to identify which, if any, of these represent one of the four conic sections. If you 
determine this by inspection, write that in the characteristics box; if you simplify 
these equations to see if any of them has any of these characteristics, show your work 
in the characteristics box also like we did with xZ + y2+ 3x - 2y = 1, 

Students identify these in the following way, indicating how they made the determina- 
tion: 

(1) circle (by simplification) 
(3) hyperbola (inspection) 
(5) ellipse (by inspection) 
7) parabola (by inspection) 
(9) hyperbola (by inspection) 
(11) parabola (by inspection) 

(2) parabola (by simplification) 
(4) ellipse (by inspection) 
(6) circle (by inspection) 
(8) circle (by simplification) 
(10) hyperbola (by simplification) 
(12) ellipse (by simplification) 

Now plot each of these equations on a graph to determine the exact shape of the 
conic section it represents. You may also want to enter all of these equations, together 
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with the ones that the students worked o n  earlier m the class, on the multiple-item 
graphic organizer for top-down classification so that they can see the variety of equations 
that fall under each of the concepts for the four conic sections. 

THINKING ABOUT THINKING 
H o w  did you go about classifying the equations? What  did you think about first, 

second, and third? POSSIBLE ANSWERS: I examined them for important characteristics, de- 
fined groups by reference to one or another of these characteristics, identified each item according 
to whether i f  had these characteristics, and put the items into the W n e d  groups. I described what 
I learned about conic sections by grouping them in these ways. If they are having trouble 
remembering, prompt their answers b y  referring to  their graphic organizers. Their de- 
scriptions of classifying should include the steps on the thinking m a p  for top-down 
classification: 

*In what w a y  did classifying specific equations b y  finding whether or not they had 
characteristics that made it possible to write them in the fonns  you were looking for 
help you understand the meanings of the words that describe the four conic sections 
w e  were studying? Why? POSSIBLEANSWERS: It helps me q n e  these words because the 
different equation forms W n e d  the graph that represented the conic sections. It helps me under- 
stand how a circle, an ellipse, a hyperbola, and a parabola are all formed by the intersection of a 
plane with a cone in a way that the equation forms define when you make a graph on the plane. 
Because I could visualize this, the words "circle," etc., have more meaning for me than it used to 
have. I used to just think of a circle, for example, as a shape with all points equidistantfrom the 
center. Now it has an added meaning for me. I learned that a lot of difikrent shapes ofthe same 
kind (e.g. an ellipse) all have thesame basic formula that defines them when they are thought of as 
conic sections. The wordsfor these different kinds (e.g. "ellipse") mean much more to me now 
because I think of a lot of different kinds of ellipses that all have this same basic characteristic. 

Is top-down classification a helpful way to learn more about the meaning of  classifi- 
cation words and what  they stand for? POSSIBLE STUDENT RESPONSES: I like top-down 
classification because it keeps mefrom guessing what types of things items like specific equations 
stand for. I have to think about what W n e s  a type of thing and then see if the item I am t y ing  to 
classzfi has a characteristic that matches those W n i n g  characteristics. Then I'm certain what 
kind of thing the item is. Top-down class~jkxtion, especially the graphic organizr, makes me go 
slowly in a step-by-step way to try tofind out what sort ofthing something is. It's much better 
than just q n i n g  words by other words because it gives me practice infinding out how to classifj 
things by looking for characteristics they have tknt the words stand for; that's why it helps me to 
understand why things are classzfied as they are. 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 
Shortly after the main activity in  this lesson and the students metacognitive reflection, 
ask them to work on the following: 

I I 
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INFUSING THINKING INTO INSTRUCTION- SECONDARY CL~SSIFICATION 
I I 

Classify equations for conic sections that don't have origins at zero using the strat- 
egy and graphic organizer for top-down classification. Then plot them on a graph. 
Provide students with material in which they can locate the equation forms that repre- 
sent these conic sections and give them a list of about a dozen specific equations to 
classify. 

Classify algebraic symbols by their functions using the strategy for top-down classi- 
fication. 

The natural sciences make use of a number of ways of classifying things that help us 
to understand their properties and what they do. For example, in chemistry chemical 
elements and compounds are classified by their atomic or molecular structure. In 
biology, living things are classified by their cellular complexity and evolutionary 
development. Physics, geology, and other special sciences also have their special ways 
of classifying things. Pick one of these systems of classification and do a top-down 
classification of a dozen or so items that fall under the classification system you have 
chosen. ANSWERS VARY. 

How are books classified? Goto the school (or your town) library, select a dozen 
books at random, and determine how to classify each using the strategy for top-down 
classification. Does the way books are classified clarify the different purposes for 
reading them. Explain. 

REINFORCEMENT LATER 
Sometime later in the school year ask your students to work on the following: 

Classify solid geometrical figures by the plane figures that are the shapes of their 
sides. 

* Classify jobs by whether they provide goods or services to show how the comrnu- 
nity needs both. 

Classify land forms and bodies of water to clarify correct terms for each. 
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NFUSING THINKING INTO INSTRUCTION'- SECONDARY CLASSIFICATION 

I Sample Student Responses Conic Sections - Parabola 

CATEGORY 

CIRCLE 
DEFINING 

lowing form: 

PARABOLA 
DEFINING 

CHARACTERISTICS 
The equation for the 
can be written in the Eh 
lowing form: 

y = + w 2 +  b x + c  

x = a y 2 +  b y + c  

HYPERBOLA 

CHARACTERISTICS CHARACTERlSTlCS 
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INFUSING THINKING INTO INSTRUC~ON- SECONDARY CLASSIFICATION 

Sample Student Responses Conic Sections Circle 

CHARACTERISTICS 

lowing form: 

L2 - !L2 .2 , 
or or or  

2 Y2 - E 2  - + Y  = l  = 1 
h2 a 2  a2 b2  



INFUSING THINKING INTO INSTRUC~ON - SECONDARY CLASSIFICATION 

Sample Student Responses Conic Sections Ellipse 

CATEGORY 

CIRCLE 
DEFINING 

CHARACTERISTICS 

lowing form: 

PARABOLA 
DEFINING 

CHARACTERISTICS 
The equation for the 
can be written in the f?fh 
lowing form: 

y=ax2+ b x + c  

x=ay2+  b y + c  

CATEGORY 

ELLIPSE 
DEFINING 

CHARACTERISTICS 

can be written in the fol- 
lowing form: 

- + Y  = l  

o r  

X 2 + Y  = l  
b2 a 2  

HYPERBOLA 

CHAfiACTERlST 
The equation for the 

determined by simplification: 
~ ~ 1 3 6 + 4 ~ ~ / 3 6 = 3 6 / 3 6  

x 2 1 3 6 + y Z 1 9 = 1  
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CHEMICAL REACTIONS 
Chemistry Grades 9-1 2 

LESSON 

INTRODUCTION TO CONTENT AND THINKING SKlLLlPROCESS 
T h i i  about the different ways that products are grouped in the supermarket When 

we group things together because they all have something in common, we are classify- 
ing them. With your partner list as many ways as you can think of that food and other 
products in the supermarket are grouped. Give some examples of each way of group- 
ing them. I& students' responses on a chalkboard or newsprint under the heading 
"How things are classified in the supermarket." POSSIBLE ANSWERS: Type of food (fruit, 
uegetables, beverages, mixes, pasta), utensils for the home (food preparation utensils, storage 
containers, cleaning tools, waste containers), beauty or health products (products to clean or 
protect teeth, or skin, hair rare products, first aid supplies, medications for minor ailments), foods 
that are used together (cake preparation [mixes, spices, flour, sugar], ethnic foods, foods for special 
diets), size and type of container (bulk or giant size packages may be grouped together on racks 
that are large enough to hold them), storage (food that doesn't spoil quickly is stored on shelves, 
perishable foods in a refrigerator, or frozen foods in a freezer), whether or not a sales person has to 
get you a particular amount (bakery or deli products are bought by the amount the ncstomer 
wants), whether or not a sales person has to take special care of it (fruit and vegetables in the 
produce department must be watered, rotated, and spoiled items removed each day). 

We always have a purpose for classifying things the way we do. Select one way of 
classifying things in the supermarket and describe to your partner why you t h i i  

I I 
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NFUSING THINKING IKTO INSTRUCTION- SECONDARY Cuss~ncnnc 

things are grouped that way. List students' responses under the heading 'Why things 
are classified this way." POSSIBLE ANSWERS: Type of food (to find them easily when needed), 
utensils for the home (to find them easily and to display the type or size o f  utensil that is needed 
for a task), beauty or health products (to find them easily), foods that are used together (to remind 
us of products that are used in the same types of recipes, to show substitutes of some products, to 
display them the way people store them at home tofind them easleaslly), storage (to prevent spoilage), 
whether or not a sales person has to get you a particular amount (to get only the amount offood 
that the customer wants), whether or not a sales person has to take special care o f  it (to keep it 
fresh). When the list is complete add a summary statement at the bottom, for example: In 
the supermarket most things are classified to help us find what we want to buy and to 
keep the food fresh. 

Once things are classified a certain way, we have to understand what defines things 
in these categories in order to add other things to the same group. If you worked at the 
supermarket and stocked shelves every day, you'd have to know where to put things. 
Sometimes products come labeled and it's easy. For example, when you unpack a box 
which is labelled MacIntosh Apples, it's easy to put them in the correct bin: the one 
marked MacIntosh Apples. However, when things don't come labelled, you have to 
know what characteristics products should have in order to fall into the different 
categories, and you have to be able to identify items that have these characteristics so 
that you can put them in the right bin To define a category, we identify its defining 
c h a r a c t ~ t i c s :  the set of characteristics that all and only that kind of thing has. For 
example, when we think of fruit, knowing its defining characteristics help us identify 
many k i d s  of foods that fall into that category. With your partner, list a l l  the defining 
characteristics of fruit that you can think of. After partners have had time to list charac- 
teristics of fruit, record their responses on the board. POSSIBLE ANSWERS: Fruit grm on 
plants (trees, bushes, wines). It is the fleshy part of the plant that surrounds the seeds ofthe plant 
where a blossom used to be. The fleshy part can be eaten without being cooked. 

Knowing the defining characteristics helps us identify things correctly. It may be 
easy to identify fruit, but where in the fruit section should you put a specific type of 

1 W M v s  th. M n n p  sh.RSlerItrrd the~t-(-] 
The thinking map to the right summarizes the w a r r h r h i - t o ~ - ?  

questions to ask when you try to determine Z W M . n h a ~ D u d U a - ~ b e s l . u l ( d 7  

whether a specific item is classified correctly: S . h t o r r h i s h ~ ~ . h o u U 1 h ~ b d . ~ I d 7  

fruit? That depends on what defines the kind of fruit it is. ~ o l ~ u ~  thekiwi &i. If 
none is available, select a fruit or vegetable that students do not commonly buy. What is 
this? A kiwi. How would you describe it to someone else? It is afruit that is smaller than a 
pear and larger than a plum. It has a thin b r m n  skin, sometimes looks almost hairy, and has 
green pulp inside. It tastes mildly sweet and comes Originally from the South Pacific. Why 
would it be important to know the defining characteristics of the kiwi? POSSIBLE AN- 
SWERS: If you have to put new fruit out, you'd know where to put kiwis. If your mother sends you 
to the supermarket for one, you need to k n m  what to look for or ask for. You also need to knav 
which fruit the sign and the price refers to. You may also have to know what you are getting, if 
you are trying one for the first time, so that you can make sure that it is the right fruit. To de- 
scribe a kiwi accurately or to be sure that we are selecting the right fruit when we look 
for a kiwi, we must be very clear of the defining 
characteristics of a kiwi TOP DOWN CLASS~FICA~ON 



It isn't just in the supermarket that things are classified We classify almost every- 
thing we know about in a variety of different ways, all for various purposes. When 
you studied mathematics in elementary school, for example, you found that in math- 
ematics numbers are classified in various ways, such as into whole numbers or frac- 
tions. So are the shapes that you studied in geometry. They are classified in various 
ways for the purpose of understanding important facts about them. Like in the super- 
market, once we understand what defines the way we classify different types of tri- 
angles, for example, we can identify individual ones that should be classified the 
same way. Then we know that what we can prove about the type of triangle applies to 
the individual triangles that are of that type. For example, when you classify triangles 
by the size of the angles what are the different ways that they are classified in geom- 

1 e&y? Right triangles, obtuse triangles, a d  a t e  triangles. What are the defining charader- 
1 istics of each of these types of triangles? POSSIBLE ANSWERS: Right triangles h o e  one right 

1 angle; a right angle has 90 degrees. Obtuse triangles haue at least one angle that is more than 90 
degrees. Acute triangles haue all three angles less than 90 degrees. When you sort them by 

I sides, what small groups can you sort them into? Equilateral triangles, scalene triangles, 
1 a d  isosceles triangles. What are the d e f i i  characteristics of each of these types of 
1 triangle? In equilateral triangles all three sides are the same length. In isosceles triangles two 

sides are equal. In scalene triangles none af the sides are equal length. 

= Given these defining characteristics, how would you clas- 
sify the following triangle? Ask for responses from the class. This 
triangle is a right triangle that is isosceles. What are the defining 
aderistics of the hiangle that you noted on the basis of which you 
dassified it this way? It has a right angfe and two sides are equal in length. 
What are some theorems that you have learned about right triangles? The 
Pythagorean themem: the square of the hypotenuse is equal to thesum ofthesquares '1 of 
the other two sides in a right triangle. This is what I meant when I said that once 
you have classified a specific triangle a certain way - for example, as a right tri- 
angle - you know that what you've proved about the type of triangle it is (in this 
case the Pythagorean theorem) applies to this particular hkmgle. Can you think of 
anything else you know about this triangle because it is an isosceles triangle? 

THINKING ACTIVELY 

In chemistry you've been exposed to a number of classification schemes that are 
very useful in this field. Can you identify some of these. !3UDENT ANSWERS VARY, BUT 
OFTEN INCLUDE: Matter into elements and compounds; chemical elements in the periodic table; 
states of matter into solids, liquids, and gasses; types of molecules into inorganic and organic; 
kinds of chemical reactions. As students respond, write these classification systems on the 
chalkboard or on a transparency. Work with a partner and select one of these classifica- 
tion systems in chemistry to review. Discuss the details of the classification system, 
including the major categories, and subcategories, and discuss what purpose the 
classification system serves in chemistry. After three or four minutes ask for student 
reports about two or three of the classification systems they worked on, writing their 
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views about the purpose for classifying things in these ways on the chalkboard or trans- 
parency next to the classification systems. STUDENT ANSWERS VARY. 

We are now going to use skillful top-down classification to identify items that fall 
into one of these classification schemes, that having to do with types of chemical 
reactions. If students haven't idenfified this type of classification, introduce it and ex- 
plain its details referring only to five of the basic 
categories that reactions fall into: combination, 
decomposition, single replacement, double re- 
placement, and combustion. Chemical reactions 
of these sorts are defined by the type of reac- 
tants and products in these reactions. Use your 
text books and this graphic organizer and write 
statements of the defining characteristics of 
each of these types of reactions after writing 
"Kinds of Chemical Reactions" in the box at the 
top of the graphic organizer. After a few minutes 
ask students to report on each of these types of 
reactions. Ask if anyone wants to add to the 
statement of defining Characteristics in the report, 
then formulate the statement in a way that is 
acceptable to the student responding and write it 
in the appropriate box on a diagram of the 
graphic organizer on the chalkboard or on a 
trmSparenCy. STUDENT ANSWERS NCLUDE THE 
FOLLOmG: Combination: The reactants are either 
two elements or two comvounds .and the aroduct is a 
single compound. Decomposition: The reactants are a binary compound or a ternary compound 
and the products are either two elements or two or more elements andlor compounds. Single 
Replacement: The reactants are a single element and a single compound, and the products are a 
diferent element and n m  compound. Double Replacement: The reactants are two ionic com- 
pounds and the products are two new compounds. Combustion: The reactants are oxygen and a 
compound of carbon. hydrogen, and sometimes oxygen; the products include carban dioxide and 
water. I f  you have not already discussed with students what purpose is served by dassi- 
fying reactions into these categories, do so now. 

Let's now let's formulate a chemical reaction that you are a l l  familiar with, the 
reaction representing the formation of rust. Ask for student responses. The way this 
reaction is typically formulated is 

3Fe + 20,+Fe30,. 
Write this reaction formula in the first box labeled "Item to be Classified" What are 
the characteristics of this reaction in terms of the reactants and products? Write your 
description in the same box under "Characteristics." After a minute or two ask for 
student responses. TYPICAL STUDENT RESPONSES INCLUDE: Reactants : two ekrnents (Fe and 
0). Products: a single compound (Fe,O,,. Based on these characteristics how would you 
classify this reaction? ANSWER: A combination reaction. Write that in the box under "How 
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Classified" and enter it in the "item" list under the category "Combination" 

Here is a list of other chemical reactions: 
Mg + H,SO,---)MgSO, + H, 
2C2H, + 70, *CO, + 6H2) 
F, + 2NaBr -+2NaF + Br, 
2 H 2 0 2 - L H 2 0  + O2 
CdBr, + N$S - + C d S  + 2NaBr 
Sr + I, +Sr12 
Mg(C10,), +M@, + 30, 

Work with your partner again and write your assessment of their characteristics in the 
appropriate space on your graphic organizer, then your classification of the reaction 
After four or five minutes ask students to report. Accept a report on only one reaction 
from each team that reports. After each report ask if there are any comments from other 
students, and formulate the response to accommodate appropriate comments from other 
students. Write the responses on the diagram on the chalkboard or transparency. As you 
field responses follow the questioning strategy on the thinking map asking first, "What is 
the item?", second "What are its characteristics?", and then "Based on these characteris- 
tics, how would you classify this item and why?" STUDENT ANSWERS INCLUDE, FOR EX- 
AMPLE: Mg + H,SO,-+MgS04 + H,: Reactants: an element (Mg) and a single compound 
(GH,S04; Products: a different element (H,, and a nezu compound ( M g S 0 , , 4 2 C f 1 6  +70, 
4C02 + 6H,O: Reactants: Oxygen and a compound of carbon (C2H6$ Products: CO, and H,O. 

What is gained when you classify chemical reactions in this way? Discuss with 
students the power of this classification scheme: that once you identify the kind of reac- 
tion this is you can predict the properties of the products and prepare for the reaction. 

THINKING ABOUT THINKING 
How did you go about classifying the reactions? What did you think about first, 

second, and third? POSSIBLE ANSWERS: I examined them for important characteristics, de- 
fined groups by reference to one or another of these characteritics, identified each item according 
to whether it had these characteristics, and put the items into the defined groups. I desm'bed what - .  
I learned about chemical reactions by them in these ways.-If they are having trouble 
remembering, prompt their answers by referring to their graphic organizem. Their de- 
scriptions of classifying should include the steps on the thinking map for topdown 
classification: 

*In what way did classifying specific chemical reactions by finding whether or not 
thev had characteristics that made it uossible to write them in the forms vou were 
lo&ing for help you understand theameanings of the words that describe the five 
chemical reactions we were studying? Why? POSSIBLE ANSWERS: It helps me define these I 
words because the different reaction for& definh the type of reaction. It helps me understand 
how chemicals can interact with each other to produce predictable fypes ofresults. 

Is top-down classification a helpful way to learn more about the meaning of classifi- 
cation words and what they stand for? POSSIBLE STUDENT RESPONSES: I like top-dmn 
classifiuztion because it keeps me from guessing what to expect from putting together specific 
tvaes of reactants. I have to think about what defines a type of  thin^ and then see i f  the item I am 



trying to classify has a characteristic that matches those defining characteristics. Then I'm certain 
what kind offhing the item is. Top-dmn classification, especially the graphic organizer, makes me 
go sluwly in a step-by-step way to try to find out what sort of thing something is. I f  'S much better 
than just defining words by other words becaw it grnes me practice in finding out how to classify 
things by looking for characteristics they h a ~ e  that the words stand for; that's why i f  helps me to 
understand why things are classified as they are. 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 
Shortly after the main activity in this lesson and the students metacognitive reflection, 
ask them to work on the following: 

Another way to classify chemical reactions is as endothermic and exothennic Use 
the same thinkiig strategy as you used in this lesson to define these categories and 
to identify at least three reactions that fall into each of these categories. Use your 
textbooks or other reference sources in chemistry as you engage in this activity. 
Finally, explain what purpose classifying chemical reactions in this way might serve. 

Classify algebraic symbols by their functions using the strategy for top-down classi- 
fication. 

REINFORCEMENT LATER 
Sometime later in the school year ask your students to work on the following: 

How are books classified? Go to the school (or your town) library, select a dozen 
books at random, and determine how to classify each using the strategy for top- 
down classification Does the way books are classified clarify the different purposes 
for reading them. Explain 

In biology, living things are classified by their cellular complexity and evolutionary 
development. Physics, geology, and other special sciences also have their special 
ways of classifying thiigs. Pick one of these systems of classification and do a top- 
down classification of a dozen or so items that fall under the classification system 
you have chosen. ANSWERS VARY.' Classify jobs by whether they provide goods 
or services to show how the community needs botk 

Qassify land forms and bodies of water to clarify correct terms for each. 
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S Responses Chemical Reactions 
? 

two clcn~m~s or two single dcmnd and a 

A+%-+ DD- -3 CxHr + (x+yl4)0,4 

A + E +  AC+B 

3Fe + 9 -t Fej04 

a sirgle m w u n d  

.&L&& Twonew p.u&cE asinglemmpund 
and a cornpwnd (H@). d new ampound (MgCtL). 

HOW CLnsslflED 

Combination 
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SUPERMARKET FOODS 

I Biology Grades 6-8 1 

I LESSON l 
l INTRODUCTION TO CONTENT AND THINKINGSKILUPROCESS l 

Let's think about things or events that we put in order. Ourclass schedule is the order that we 
do things in class each day. We think about coins in order of their value. We put books on 
library shelves by topic and within each topic they are ordered alphabetically by author. We 
list steps to go through in recipies in a specific order. With your partner, list as many things 
that you can think of that you have put in an order, or things that you've encountered that 
others have put in order. Name the characteristics that you thought about to put themin order. 
On the board, list the examples just mentioned and the characteristics used for ordering. Then 
add four or fiveexamples from the class. Discuss why we might want to put these thingsin that 
order. Askstudents to provide as many different purposes of thesesequencesas they can. Write - 
than next to theappropriate item on theboard. ~, ........... ~ ~ ..-, <.A." 

SEQUENCING 
When we put things in order, we sequence 
themincertain ways~~owwesequencethings li 1. What is the purpose of the sequencing? 11 

skillful sequencing: 

On what P T o s e  w e  have in 
quencing them that way, which, in turn, de- 
termines the characteristics by which we de- 
termine the sequence that the things fit into. 
Here is a list of questions that can guide 

' 4. How does each item fit into the sequence l based on these criteria? 
y .... ....... ~~ ...................... ....... .............. ................ ~ ...... ...... ........................ 
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' 2. What type of sequence best serves this 
i purpose? 
,- 1 , 3. What crite"a shoufd be used to fii items into 

this type of sequence? 

' 
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THINKING ACTIVELY 1 
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We've been studying food and nutrition in science. In this ksson, we are PE"NuTB- 

Nutrition Facts 
going to considera variety of informationabout foods t b e e  v 

' w s p C n n * n e r m t 6  at any supermarket. This information is contained on the labels of these - 
foods in accordancewith rules established by t n t  about 
what information food manufacturers should provide to the general public 
about their products. Show students a typical food container with a label that 

---m rutm 

,,,,,g .LOl(rV.hd 21i 

-, , , ,,% 

contains a "Nutrition Facts" section. It should look like this: 
Explain what each percentage means (percentage of the normal allowable 
amounts for a standard diet). '% 

7% 

The information contained on such labels can be used to put foods in 
various orders or sequences. For example, following the thinking map for -m- 

sequencing, I may wish to sequence these foods according to the amount of -'' 

diet In this case, I might start with low sodium foods, and, consulting the 
sodium contained in them for the purpose of choosing foods fora low-salt . 

"Nutrition Facts" label, sequence them by the amount of sodium in each 
serving. Or, because I have a limited amount of weight allowance to carry food with me on a 
trip, I might sequence foods I might like to take with me on a trip by container weight I'm 
going to give you a series of nutrition-fact labels from 
common foods. Work together with your partner and use 
this graphic organizer for sequencing to develop two se- 
quences that you might put these foods into according to the 
information contained on the labeL After three or four min- 
ute., ask for some reports from the teams, taking no more than 
one from any given team. As the teams report, fill in a blank 
graphic organizer on a chart on the wall of the classroom, or on 
the chalk-board (The chart should have room for at least five 
such sequences. In each, the items to be sequenced should be 
identified as "Supermarket FOO~S.").TYFICAL STUDENT AN- 
SWER~INCLUDE: Sequencing by fat content: cola, tuna fish, 
crackers,creamcheese,salad dressing, peanut butter. Sequencing 

serving: cola, cream cheese, 
crackers, peanut butter, salad 
dressingltuna fish. Sequencing 
by quantity in the container: tuna fish, crackers,cream cheese,salad 
dressing, peanut butter, cola. Sequencing by calories per 
ming:crackers, tuna fish, cream cheeselcola, saladdressing, peanut 

Now suppose that you were a nutritionist and you wanted to 
produce a chart ranking these foods for their overall nutri- 
tional value. Ranking is a special k i d  of sequencing in which 
we sequence things by their value, usefulness, or importance. 
Instead of sequencing simply by quantity (from least to most), 
as we usually do, we sequence from worst to best Work in 
groups of four now and rank these foods according to their 
overall nutritional value.using the version of the sequencing 
graphic organizer called "Ranking." After four or five minutes 



INFUSING THINKING INTO I N S T R U C ~ O ~ E C O N O A R Y  SEQUENCING 

ask each team to report their results to the whole class. Give each teama blank transparency on 
which they write their results and use for their reports, or have a spokesperson for each team 
write their results on the chalk-board.If there is a difference of opinion expressed by the different 
groups, as each group to explan why they ranked the foods as they did, and give them a chance 
to revise their ranking based on thsi dialogue and discussion If they do revise their ranking, ask 
them to change the graphic organizer on their transparency or on the chalk board and explain 
why they changed their ranking. Show the class where they agree in their ranking, and where 
they disagree, and, if the class reaches a consensus, write the ranking that they accept on the 
board as the class's  TYPICALSTUDENTA STUDENT ANSWERS INCLUDE: Rankina b!f amount of motein 
for high-protein diets:cola/s;jnddressing,meam cheese/~rackers,~eanut butter~tu;uzfish. Rakngfor 
low fat diets: peanut butter, salad dressinx, cream cheese, crackers, tuna fish, wla. Rankin% for lm I 
sugar diets: cola, salnd dressing, peanut Ltter,  cremn cheese, crackers/tunafish. hnkin8;idr high- 
protein/Iaw fat diets:salnd dressing, cream cheese, peanut butter, cola, crackers, tuna fish. 

THINKING ABOUT THINKING 

What did you think about to sequence things accurately? Students should identify the key 
questions from the thinking map for sequencing about the purpose of the sequencing and the 
chractoistics that they based their sequence upon as the basis for their sequenced lists. 

Is thisa good way to sequence things? Students usually say that they didn't realize that thesame 
things could be sequenced in a number of different ways, and that if they are dear about the 
purpose of the sequencing, and the characteristics according to which they are going to squence 
the things they are working with, they will more likely put them ina useful and accurate 
sequence. 

How would you describe the difference between ranking things and simply sequencing 
them? STUDENT RESPONSES VARY, but usually include reference to the fact that ranking is a 
kind of sequencing in which things are sequenced 
according to their value, importance, or useful- 
ness in performing a task Draw a thinking map 
for ranking which reflects these similarities 
and differences. The thinking map should look 
like the following: 

the items being compared have, and to 
What advice would you give someone about the what degree do they have them? 

best procedure for ranking things and ideas? Of- 
ten students make impulsive decisions about the 
relative value or usefulness of items without taking 
the time to compare the merits of each In teaching the skill of ranking, it is important to have 
students start with a list of diiferent items that may be useful for achievinga certaingoal. In this 
way, students will gain practice in thinking through the pros and cons of each item and in 
ranking the items based on their analysis. 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 

Gather nutrition facts on ten other common foods and add them to the sequences that you 
developed with your partner. Where would you placethem in your ranking of foods by their 
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Make a list of twenty different types of animals. Sequence these in two different ways, 
according to two different purposes for putting these animals in a sequence. Now rank these 
according to their value or usefulness. You determine what kind of value or usefulness you 
will use as a basis for this ranking. 

REINFORCEMENT LATER 

In the "Periodic Table of Elements" that you have studied in science, chemical elements are 
sequenced. Analyze the way they are sequenced by determining the characteristic(s) by 
which they are sequenced What purpose do you think scientistshave in sequencing chemical 
elements in this way? Can you think of some other purpose someone might have for 
sequencingchemicalelements? Explain what that mightbe and how it would change the way 
these elements are sequenced. 

List the kinds of objects that appear in our solar system. Sequence these according to some 
important purpose that a person might have for putting these in order. 

.List all the tasks that you normally do between the time school is out on school days and the 
timethatyougo tobed. Createaweeklyschedule foryoutself bysequencingtheseasyou most 
commonly do these things. Now rank the five thiigs that you do that are the least important 
and the five things that you do that are most important Explain why you rank them this way. 
If you wanted to spend time on new Wings or to give more time to important thiigs, how 
would you change your schedule? 
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Sample student Responses Supermarket Foods 
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Sample Student Responses Supermarket Foods 
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Sample Student Responses Supermarket Foods 
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DANGEROUS ASSUMPTIONS 

Chemistry Grades 9-1 2 

LESSON I 
INTRODUCTION TO CONTENT AND THINKING SKILUPROCESS I 

When we read about a sale at the mall, we often go to the store to buy things. But sometimes 
that does not work out well. Once I read in the newspaper that a store was having a sale on 
television sets. I needed one, so I went to the store to buy it When Igot there,however, I found 
that the store had no more of the television sets I wanted. It had sold out the day before and 
wasn't going toget new ones foranother month. I wasvery disappointed. Then Irealizedthat, 
i f  I had been thinking about what I was doing, I could have saved myself the trouble of 
travelling to the store. What could I have thought about or done that would have saved me the 
trouble? I could have called the store on the telephone and asked if they still had the television 
sets available. 

The reason I didn't think of calling the store was that I was making a number of assumptions 
of which I wasn't aware. For example, I assumed that they still had television sets of the sort 
I wanted to buy. An assumption is something you believe without thinking about it or 
checking i t  Assumptions sometimes lead you to do or say certain things. Finding out what 
a person was assuming helps you understand why he or she did a certain thing. Assumptions 
might be correct or mistaken. When I set out to go to the store, what else do you think I was 
assuming? POSSIBLE ANSWERS: That the store would be open, that my car would work, that I had 
enough gas in my car to get to the store, that Ikad enough money to buy the television set, that I needed 
this particular telmision set. My assumption that they still had the television sets that I wanted 
to buy was mistaken. Were any of these other assumptions mistaken? ANSWERSVARY. In this 
case, all of the other assumptions were correct. 

The reason I didn't check out my mistaken assumption was that I didn't think about it. I 
wasn't even aware that I was making that assumption If I had asked myself, "Am I making 

! 
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any assumptions here?" I might have become 
If I had questioned whetherthese were 
saved myself a trip to the store. 

* Can you think of a time when you did something based on a mistaken assumption that you 
could have uncovered and checked out, but didn't? Discuss it with your partner; help each 
other list all the assumptions that were made in this situation Identify the ones that were 
mistaken and the ones that weren't Write them down. Discuss how you could have checked 
out the mistaken assumptions i f  you had been aware of them. After a few minutes, ask for 
reports from the class. Ask the students reporting to idenbfy their assumptions, those assump- 
tions that were mistaken, and how they could have been checked. Student answers vary. 

Everyone makes assumptions. Not all assumptions are mistaken, however. For example, you 
are all assuming that the chairs you are sitting in are strong enough to continue to hold you. 
That's not mistaken, is it? And you all had been assumieit, hadn't you: No one thought to 
check out whether the chair was strong e n o u ~ h  to hold them beforr they &t down, did they? 
Still, it's a good idea to become aware of yourassumptions, or assumptibns that other 
make when they try to convince you of something, and to check them out before you act on 
them, especially when something important is at stake. That's because sometimes people do 
make mistaken~assumptions,like youall discussed earlier. If you don'tbecome aware of what 
you or someone discussing something with you are assuming, you'll never know whether - .  / anything mistaken is being assumed. 
Here is a thinking map for uncovering 

I assumptions that can guide you in this UNCOVERING ASSUMPTIONS 

process: 
1. What action, Wief, or mndusion of s specific person might 

*In the history of science many assump- be bad On an aumption7 11 1 
tions have been nlade that have pre- 2 What ides a ideas matare notexpliat mgnt the person be 

tsby for granted in perfwmlng the emon, a-pting the belief. 
vented real scientific advancement For or drawing ~econc~urion? 

We've been studying gasses like oxygen, nitrogen, and hydrogen, and have learned about 
where they occur in nature. Let's consider a real situation in which assumptions about such 
gasses led to a near tragic accident Let's see if we can uncover what those assumptions were, 
how they might have been checked out, and which were mistaken, to determine whether, if 
the person making them had become aware of them earlier, the accident might have been 
prevented. 

it was assumed for a long 
time that the because the earth didn't 
appear to move, but the sun and stars 

- 
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3. How might the person have decked mese ideas 10 determine 
they were 

~ 2......:................ ~ ....: ~ ..-.... :* ~ ~ : . . ~ ~  ~~ .... :..,... ~ ........................ ~ .............:::.y.. ~ ::........:........ ~ ...... ~ :......,.:,.*.%- ~ ..... :..:,,,..... 

did, the earth was the center of the uni- 
verse. Examining that assumption in an open way earlier than it was called to question in the 
history of science may have led to much earlier discoveries of the real nature of the solar 
system and the universe. Can you think of other assumptions that early scientists made that 
were abandoned once they were uncovered and tested? STUDENT ANSWERS VARY, BUT 
SOMETIMES INCLUDE: Because of the appearance of maggots on decayr'ngfood, life could develop from 
nothing. Air does not enter into a combustion reaction, so there must be some substance responsible for 
burning (thereby leading to the positing of phlogiston as a special ssubsfmce that was responsible). If the 
people who made these assumptions had become aware earlier that they were making them, 
and had then checked them out, the history of science may well have been quite different 



THINKING ACTIVELY 

A number of years ago,when the process of manufacturingammoniaby combining hydrogen 
and nitrogen was a new process, an engineer was given the task of designing a plant for 
making 300 tons of ammonia per day. What is the chemical formula for ammonia? NH3. The 
standard form of hydrogen and nitrogen have which formulas? H,and N,. Now let's return 
to our story. The engineer reasoned that the plant would have a large supply of %because it 
was to be built next to a petroleum refinery. Where might the plant get the large quantities of 
pure N,the other essential raw material? N, is present in air, so it is present all the time in the air 
around the plant. Is it the only gas that is present in air? Air also contains oxygen, carbon dioxide, 
argon, and other tracegasses. How could they get the N , h m  the air? The air could be liquefid and 
the nitrogen extracted. How could the air be liquefied? The air could be compressed and chilkd until 
it reaches the temperature at which it changes state and becomes a liquid. How could the nitrogen be 
extracted from the liquefied air? When liquefied, the N, could be distilledofjrby boiling the liquidair. 
How could you tell which of the gasses that was distilled from the liquid air was nitrogen? 
lcould look up the boilingpoinfs of the differentgasses in airanddetermine theorder in which they would 
boil off .  Nitrogen would boil offfirst because it has a lower boilingpoint than the other ingredients in air. 
After the extraction is complete, what by-product would remain? Concentrated 00, plus theother 
gasses found in air - CO,, argon, etc. Ask the students next to draw a chart or a graph indicating 
how much of a yield of nitrogen there would be, in comparison to the quantity of oxygen, etc, 
in the by-product. Allow them to use their texts or other resources to get this information. 
STUDENT RESPONSES INCLUDE: 

The large quantities of nitrogen that could be produced by this process, together with the 
almost unlimited supply of hydrogen from the nearby petroleum refinery, made the pros- 
pects for a high-yield operation seem very good to the engineer. The process by which the 
ammonia was ultimately to be manufactured was based on the following reaction: 

Based on all of this information, the engineer designed the plant to consist of an air separation 
unit, compressors, and a tower to contain the reaction that generated the ammonia. In the 
tower a mixture of NZ was to be passed over an iron catalyst at a temperature of 500gC and a 
pressure of 150atmospheres,and then the ammoniaproduced cooled tostandard temperature 
and pressure so that it would liquefy. 

COMPONENT: 

VOLUME (%): 

What risks are involved in this process? Ask students to work in pairs and to make a list of any 
risks in this process. Students usually distinguish five phases in the process: (1) the liquefaction 
of the air, (2) the distillation and storage of the nitrogen, (3) the by-product storage and 
subsequent release into the atmosphere, (4) the chemical readion whereby the ammonia is 
produced, and (5)  the cooling and storage of the liquid ammonia. STUDENTANSWERSINCLUDE: 
Phase (1): the compression unit coltld malfunction and pressure build up that would cause the walls of 

0 2  

20.94 

N2 

78.10 
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0.93 

CO2 

0.03 



the air separation unit to explode outward, liquid air could leak out and injure workers; Phase (2): the 
liquid nitrogen could become gaseous too rapidly and the buildup of pressure could cause the walls of the 
storage chamber to explode; Phase (3): the concentrated oxygen in fhe by-product might cause the 
combustion and explosion offlammable maferials that might mix with the @-product by mistake' Phase 
(4): leaky valvesin thereacfion towercould lower the pressureandjor temperature,making theyield lower 
than expected; sticky mlves in the reaction tower could cause a build up of pressure and an increase in 
femperhture that w&ld cause an explosion; Phase (5): leakage of liquidammonia could release noxious 
fumes tnto the surrounding atmosphere. 

None of these problems occurred in the first year of the plan's operation In fact, the plant ran 
quite smoothly and produced a better yield of ammonia than expected because of greater 
efficiency in the separation process. But one day, for no apparent reason, there was a large 
explosion which created a huge fireball and destroyed the air separation unit. Luckily,no one 
was h u d  But largepiecesof metaIfromthe airseparationunit weRscattexedasfarasaquarter 
of a mile from the plant 

Work in teams again and follow the thinking map 
for uncovering assumptions using this graphic or- 

""'A.---- 

ganizer to help you record the assumptions you 
" a - M b M l n r h . 6  

think the engineer made in designing this plant v W +.. .W... d W .  

What was the process engineer convinced of that 
was based on thescassumptions? The~mmoniaplant, 
as he designed it, would operate efficiently and safely. 
Write this in the dome at the top of the graphic 
organizer. Write what youthinkhe tookforgranted 
in accepting this belief in the appropriate boxes on 
the graphic organizer under the dome. STULIENT 
ANSWERS INCLUDE: the datn on the composition of air 
obtained in the engineering handbook is representative 
of thecornposition oftheair near the011 rejinery,no trace 
amounts of combustible materials (like hydrocarbons) 
would enter theair separation unit with theair and would 
accumuiate sufficiently over time to become dangerous when mixed with the big concentrations of liquid 
oxygen that accumulates as a by-product in the unit; the oxygen is tm cool for any ignition or detonation 
to take place; hydrogen and nitrogen will react together to form,ammonia; nitrogen can beseparafedfrom 
the oxygen in liquidair by boilingit; the compressor will operateproperly;vnIvesandotheroperatingpalts 
will be semiced sufFnently to keep them in good working order. After a few minutes, ask the groups 
to mention one assumption they identified, write it on a chart, diagram on the chalk board, or 
transparency of the graphic organizer. Ask for additional responses until you have written all 
the assmuptions the groups identifies on the diagram you are using. 

Each group should select one or two assumptions from this list and use a modified version of 
the graphic organizer for uncovering assumptions to write in the appropriate box what the 
process engineer might have done to verify their validity i f  he had been aware that he was 
making those assumption. Ask the groups to report on the assumptions they select and assign 
a different one to a group which selects an assumption already chosen by another group. After 
a few minutesask thegroups to report, and write thesenext to theassmuptionson thechart, the 
diagram of the graphic organizer on the chalk board, or on the transparency on which you had 
written the assumptions the groups identified. STUDENT ANSWERS VARY, but should include 
mention of laboratory tests that might have been conducted, where appropriate. 
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THINKING ABOUT THINKING l 
You uncovered the process engineer's assumptions about the ammonia processing plant in 
this lesson. What questions guided you to determine what his assumptions were? POSSIBLE 
ANSWERS: I first asked what the engineer belieued or did that might be based on assumptions. I then 
thought about what theengineer might haue taken forgranted that would explain why heactedas he did. 
Then I thought about what the engineer might h u e  done to check to determine of these assumptions were 
correct. 

Is it helpful to be able to uncover assumptions? Why or why not? Many students respond that 
it is helpful to become aware of their assumptions and decide whether or not they are good ones 
We should ask ourselves the questions for uncovering assumptions until we know that our 
assumptions are well-supported. This can often keep us  from acting on mistaken assumptions 
that we are not fully aware of. Sometimes acting on mistakenassumptions can lead to disasters, 
as in the case of the ammonia processing plant. 

Toguide you in uncovering assumptionsin the future,construct athinking map. The thinking 
map should contain the key questions for uncovering assumptions shown at the right. 

How did working in a group help you refled on what the engineeis assumptions may have 
been? Students comment that the group discussion helped them to come up with ideas by 
building on what others in the group said much like the brainstorming process does. 

I 
l 

APPLYING THINKING I 
Immediate Transfer I 

Carbon-14, the radioactive isotope of carbon, is often used to determine the age of ancien 
objects. Carbon-14 decays into nitrogen-14 at a known, constalit rate. The half-life of carbon 
14 (the time it takes for one-half of a sample of the radioisotope to change to nitrogen-14) h 
5370 yeas. Living things take in both carbon -12 and carbon -14 when they are alive. Then 
when an organism dies, the carbon l2 in its body remains constant, while the carbon 1' 
continues to decay. The ratio of carbon-14 to carbon-l2 helps scientists estimate teh age of ar 
object that contains once-living material 
Suppose a scientist finds that the ratio of carbon-14 to carbon-12in the remains of a bird isone 
fourth the ratio in the tissue of an organism living today. The scientist concludes that thl 
remains of the bird are about 11,460 years old. What assumptions underlie the scientist': 
conclusion? Use the thinking strategy for uncovering assumptions to identify these and tc 
sketch out how you would check these assumptions o u t  Then check them out and determinl 
whether these assumptions are valid. 

Reinforcement Later l 
We've been studying energysources. What,if any,assumptions are we making inourreliance 
on fossil fuels as the main source of energy in this country? Are these assumptions justified? 
How can we check themout? Based on what you have uncovered, what would youadvise that 
we do about our sources of energy? 

1 What assumptions are being made by someone who says that by the year 2025 100,000,0001 
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INFUSING THINKING INTO INSTRUCTION--SECONDARY UNCOVERING ASSUMPTIONS 

Select a major decision that you have made recently. Use the strategy for uncovering 
assumptions to determine whether this decision is based on any untested assumptions. If so, 
how would you verify them? Do so and rethink your decision based on what you find 



Sample Student Responses Dangerous Assumptions 

WHAT DID THE PERSON DO? 

The engineer believed that the ammonia 
plant woukl operate effciently and safely. 

Nitrogen can be separated from Consult a table of boiling points of 
oxygen in liquefied air because liquefied gasses. 
its boiling point is lower than 

any special factors that must be taken into 
account in sustaining such a reaction. Do a 
cost analysis of the process and compare this 
to the projected gross income from the 

.. . 
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INFUSING THINKING INTO INSTRUC~O~ECONDARY UNCOVERING ASSUMPTIONS 

Sample Student Responses Dangerous Assumptions 

WHAT DID THE PERSON DO? 

The engineer believed that the ammonia 
plant would operate efficiently and safely. 

is anything other than the standard gasses 
in it. Reliable tests for hydrocarbons, for 
example, can be researched and then 
used to make this determination. 

accumulate in the air-separation by 
o determine the amount that creates a products to become dangerous. 
olitile mixture, and projections can be made 
f the amount of time it would take for this 

ount of these materials to accumulate 
he air-separation unit. It can also be 
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Grades 11/12 

INTRODUCTION TO CONTENT AND THINKING SKILUPROCESS 
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'S make explicit what is involved in skillful reason- 
by analogy SO that we can follow a plan when we REASONING BY ANALOGY 

gage in it. Here is a thinking map that can guide us: 
rite the thinking map on the chalkboard or on a large 

newsprint which you post on the classroomwall 
r on the chalkboard. 3. what do you about mare mlngs that you 

donlkmvebaarhnraumhvingto 
undemMnd? 

I BNG THINKING INTO INSTRUCTION-SECONDARY REASONING BY ANALOGY 

lRlvemlhetvo oday we are going to learn about how sound travels 
4. gti=a$z&s*hat you 1 y studying sound waves. Sound waves, however, are to un&csmnd has ulese t=am€s7 

] 

- 
aves that we cannot see, although we can tell certa 

gs about them by our experience of how th 
ave, like that they can produce an echo if  the 
nce off a hard smooth object. Can we learn m 

out sound waves by using reasoning by analogy 
t might serve as the basis for such reasoning? STUDENT ANSWERS VARY, BUT OlTEN 
LUDE: Light, water waves, electricity, lightning, hot and/or cold ocean currents. I'm going to 

k one of these that seems plausible as an analogy for soland waves: water waves. We will 
er whether we can use characteristics of water waves, which we will produce in the 
tank, where such waves are easily seen, to act as a model for sound waves, so that we 

use reasoning by analogy to things about sound waves that we don't experience. 

lis obvious that although glass and plastic have many properties in common, they have 

I THINKING ACTIVELY I 

Fany significant differences. Do you think that you could predict, with confidence, how 
llastic would react inanovelapplication,if you knew how glass reactedinasimilarsituation? 
'udents usually comment that it would be difficult to predict how glass or plastic would react 
I a new situation because there are so many seemingly significant differences in the basic 
iemical structure of the two substances. 

J~he  first step in evaluating the validity of the using the analogy,A sound wane is like a water 1 
wave, to draw conclusions about water waves is to 
make a list of all the significant characteristics and 
properties that we know about which both kinds of 
waves have in common Ask students to meet in 
groups, to write "A sound wave is like a water wave" in 
the appropriate boxes, and to make a list of similarities 
between water waves and sound waves in the "How 
Alike" box on the graphic organizer for reasoning by 
analow: 
~fter-&eec or four minutes, have students report back, 
and then usea transparency of thegraphicorganizer for 
reasoning by analogy, or thechalkboard, to make a class 
list of the things sound and water waves have in com- 
mon.TYFICALST(IDENTRESPONSESINCLUDE: Both travel 
U~rough a plzysical medium (waves travel through water, 
soltnd travels through air). Botlz have velocity. Both can be 
produced in different sizes. Both can travel over long dis- 
fances. Sound radiatesfrom its origin in all directions, and 
wnter waves do the same (e.g., a rock thrown into a pond); 
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INFUS~NG THINKING INTO INSTRUCTION-SECONDARY REASONING BY ANALOGY 

sound nnd wafer wrrves will bounce of of hard objects (e.g., an eclzo, n riptide). 

Are there other characteristics of waves which might also be characteristics of water and 
sound waves? I am going to demonstrate additional wave characteristics to you so that you 
might have an opportunity to decide if they can be added to your "How Alike" list based on 
what you h o w  about sound waves. Show the ripple tank apparatus and demonstrate how it 
works. Then demonstrate the different wave patterns and other characteristics as described in 
the "Ripple While You Work" exercise. 

After 1 demonstrate each water wave characteristic, meet in your groups and determine if a 
sound wave has this characteristic based on your experience with sound or by conducting a I 
similar experiment with sound. If it does, add it to your "How Alike" list. For example, 
observe what happens when f poke my index finger into the ripple tank one time. Usually I 

students correctly observe a single circular wave to radrate from the point of impact outward in 
all directions. If students don't recognize that this means that water waves move at the same 1 
speed in all direction~~askthem what thissuggestsabout the speed that water waves travel away 
from the point of origin. Then ask ,"Does sound move in all directions at the same speed?" 
Students usually realize that sounds like church bells can be equally heard in all directions. Write 
on the class transparency that water and sound waves move in all directions at the same speed. 

Lets look at another characteristic of water waves that you have not considered. Observe what 
happens when 1 poke my fingex in the water many times. Strike water wit11 your finger slowly 
at first and then quickly after, Ask students to comment on the effects of each experiment. Then 
ask: "What do you call this characteristic of water waves?" Most grodps recognize this 
phenomena as frequency and relate frequency to the pitch of sound. Using the ripple tank, 
continue to show water wave properties to the  class that they can also identify in sound waves 
based on either their experience or a simple experiment. Include new similarities on the class 
transparency or on the chalkboard as the class reports them. 

Now that you have compiled your list of observable similarities between water and sound 
waves lets decide if these similarities are significant In your groups review your list one item 
at a time and note whether that characteristic is a significant similarity and why. Allow 
students enough time to discuss and record their responses and then have them report back to 
the class explaining why the similarities are si&cant when they identrfy them as such- Enter 
their responses on the class transparency or the chalkboard. Then ask "Are the similarities 
between water and sound waves significant in general?" Students always find that they are. 

Lets return now to the ripple tank. I'm going to demonstrate a few other characteristics of 
water waves. Demonstrate positive and negative interference, reflection and refraction among 

1 other characteristics (see ~ i ~ ~ l e ' W ? z i l e  YOU Work source material). What can you say about these? 
Students often note that they can't tell from their experience whether sound waves have these 
characteristics. Does the fact that you can't tell whether sound has these characteristics as we11 
mean that sound doesn't have these characteristics? Students usually recognize that this 
doesn't follow. Rather, they just can't telL Now let's consider using reasoning by analogy. If, 
in fact, water and sound waves have many properties in common, perhaps they also have 
resonance, interference, diffraction and refraction as common characteristics. Lets record 
these prc~perties in the box titled "Things Known About Water That Might: Also Be True of 
a Sound Waves." 

Before we can infer that sound has these four properties what should we make sure of? 
Students usually recognize that they have to determine whether there are any significant 
differences between water and sound waves, If they don't recognize this, call their attention to 



questions on the thinking map of reasoning by analogy that you have on the wall or on the 
kboard. You might also want to askstudents why it is important to consider whether there 
any sigruhcant differences between water waves and sound waves. Students usually have 
e difficulty in reasoning that if there were significant differences, these might cause differ- 

ces in the properties they are considering. 

r groups discuss and then make a list of differences between water and sound waves. 
students adequate time to think about the differences, compile a list, and report back to 

class. Then enter their responses on the class transparency or the chalk board. STUDENT 
PONSES USUALLY INCLUDE: Water waves travel in water, sound waves travel in the air. Water 

vesare visible, sound waves are invisible. Water waves can travel over very long distances in the ocean, 
und waves dissipate very quickly in the air. 

your groups evaluate the significance of each of these differences and state why you think 
on your group's graphic. Have students report back and enter their responses on the class 
phic. Usually students find few, if any, signhcant differences between water and sound 

your groups discuss and then draw a conclusion about sound waves based on the strength 
analogy as you evaluate it.. TYPICAL STUDENT RESPONSE: Like water waves, sound waves 

e, in all likelihood, the properties of resonance, interference, refraction and difiaction. 

analogy like this is, at best, a way to draw a conclusion about something 
ch is likely. Often, reasoning by analogy can lead us to investigate further to 

directly whether what we are studying actually has these properties. Work in your 
nsider one of the properties of sound waves that you concluded they likely 

have. Design an experiment with sound that can provide you with confirmation that sound 
waves do, indeed, have this property. STLTDENTANSWERS VARY. 

I THINKING ABOUT THINKING 

I What do we call the kind of thinking we just did? Reasoning by analogy. 

How did you do that kind of thinking? What did you think about first, second, etc.? POSSIBLE 
ANSWERS:I thought about how two things, water waves andsound waues, werealike,and then I thought 
h u t  whether they wereso dz#erent that we could not infer anything about sound w m  that we did not 
knorofrorn features of water waves that we observed. 

Is there anything you have to be careful about when you learn new things by analogy? 
POSSIBLE ANSWERS: Yes. The analogy could make me think that everything true of one thing in the 
analogy is true of the other, and that could be misleading. Ishould always look for important differences 
hat may show that my conclusion is a poor one. 

What questions would a thinking map for reasoning by analogy include? Put these in your 
own words and keep the thinking map you construct so that you can use it again when you 
are doing reasoning by analogy. Student responses should suggest the ideas on the thinking 
map for reasoning by analogy. 
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INFUSING THINKING INTO INSTRUCTION-SECONDARY REASONING BY ANALOGY 

APPLYING YOUR THINKING 

IMMEDIATE TRANSFER 

You've learning about different kinds of animals in science. One type of animal has a shell. 
What are some animals that have shells? POSSIBLE ANSWERS. Clams, snails, turtles, crabs, lobsters, 
mussels, and oysters. People sometimes say that the shells of such animals are analogous to 
houses. Using the questions on your thinking map for reasoning by analogy, evaluate 
whether this is a good analogy. What can you learn from the analogy? 

You've learned in history about the periods in American history when a great many immi- 
grants came to live and work in the United States. How is this analogous to a new student 
entering your school? From this analogy, what can you learn about how these people felt 
when they came to the United States and how other people felt about them? 

When scientists test a new drug for people, they usually test it first on mice. If the drug works 
on mice, they sometimes conclude that the drug is good for people. What is the analogy? Use 
your thinking map for reasoning by analogy to decide whether or not the scientists' conclu- 
sion is a good one. 

REINFORCEMENT LATER 

Later in the school year when you cover the following topics ask students to draw analogies and 
explain what they can learn from them. 

What analogies can be drawn between industrial pollution and things &at happen in the 
school or at home? What can you learn from these analogies? 

What analogies can be drawn between reading stories and watching TV? What can you learn 
from these analogies? 
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I INFUSING THINKING INTO INSTRUCTION-SECONDARY REASONING BY ANALOGY 

Sample Student Responses Waves 

StMlLARtTY SIWIFICANT? WHY? 

Both travel through a medium. Very. Wfihout a medium, neither muld propagate. 
Generated by putting pressure on medium. Very. Both are caused by the same type of event. 
Both have velocity. Very. Motwn is a basic feature of waves. 
Both come in different sizes (amplitude). Very. Wfihout amplitude waves would be flat B not waves. 
Both move away from their point of origin (dispersal) 

and radiate in all directions. Very. Both respond to energy input the same way. 
Both bounce off hard objects (reflection). Very. Wfihout , both would transfer all energyon inpad. 
Both move the same speed in all directions Very. This makes both predictable. 
Both obey s = frequency x wavelength Very. Show how predictabk they bdh behave. 
Both make longitudal waves Very. Similar waves meanssimilar behavior. 
Both make transverse waves Very. Simslar waves means siimilar behavior. 
Size of wave proportional to energy input Very. Propagatbn of both predictable. 

A water wave demonstrates positive and negative interference, resonance. refraction, and . .- 

MmRENCE SIGNIFICANT? WHY? 
Water waves travel only in a liquid, sound Not Very. Both liquids and gasses are fluid, 
waves travel in a gasses as well. and their fluidity determines how they 

generate waves, even though they are 
different states of matter. 

Water waves are visible, sound waves Not Very. Visability relates to how we 
perceive these waves and is a function of the 
medium in which they travel. 

Water waves can travel for hundreds of Not Very. How far they travel relates to the 
miles, sound waves travel close to their size of the wave, not its wave-like qualities. 

water waves do not. 
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THAT WE SHOULD TEACH STUDENTS 
TO ENGAGE IN SKILLFULLY 

I. GENERATING IDEAS II. CLARIFYING IDEAS 

1. Alternative Possibilities 1. Analyzing Ideas 

A. Multiplicity of Ideas A. CompareIContrast 

B. Varied Ideas B. ClassificationIDefinition 
C. New Ideas C. PartsMrhole 
D. Detailed Ideas D. Sequencing 

2. Analyzing Arguments 

A. Analogy/Metaphor A. Finding ReasonsIConclusions 
B. Uncovering Assumptions 

Ill. ASSESSING THE REASONABLENESS OF IDEAS 
1. Assessing Basic Information 

A. Accuracy of Obse~ation 
B. Reliability of Sources 

2. Inference 
A. Use of Evidence 

a. Causal Explanation 
b. Prediction 
c. Generalization 
d. Reasoning by Analogy 

B. Deduction 
a. Conditional Reasoning (If ... then ...) 
b. Categorical Reasoning (Some ... All ...) 

IV. Complex Thinking Tasks 
A. Decision Making 
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American Kestrel. The American kestrel is one 
of themost common birds of prey in both North 
and South America, Its population has flour- 
ished. It is characterized by long, narrow, 
pointed wings and reddish brown and slate 
gray markings. It is known for its habit of 
hovering in one place while hunting ik prey, 
generally consisting of slakes, lizards, large 
insects, and small rodents. This evolved hunt- 
ing skill involves the ability to detect any small 
movement on the-ground, the ability to hover 
while scanning the ground for prey, and the 
speed and strength to plunge onto the prey 
from heights of 50 feet or more. AU these skills 
depend on the kestrel's good sense of depth 
perception 

Illustration by Kate Simon Huntley 





USING THINKING INTO ~NSTRUCTION-ELEMENTARY 
-- --~-- CLAS~IFICATION 

-~. .. - ~ -  - . .... 

WAYS TO CLASSIFY THINGS 

CATEGORIES TYPES OF CATEGORIES 
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DEFINING 
CHARACTERISTICS CHARACTERISTICS CHARACTERISTICS 

~p 
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NUTRITION FACTS ABOUT VARIOUS COMMON FOODS 
CRACKERS SALAD DRESSING PEANUT BUTTER 

I Nutrition Facts I I Nutrition Facts I 1 Nutrition ~ a c t s l  
Serving Size 2 aackers (149) I IL 

Serving Size 2 tbsp (329) 
Servings per Container About 12 Servings per Container About 16 

mount Per Sewlw m m  PwSemna ount PorSe~ng 

I Mor ies  190 Caloies horn Fat 150 

% Drily Value' 
Total Fat 1.59 23/. 

I Calcfies 130 CalaieS hom Fat 100 

X Diily Value' 
ITotalFat1lg 17% 

1 
% Drily Value' I Total Fat 170 25% 

I Samrated Fat 39 14% Saturated Fat 1.5g Le/. 

Polyumaiuraed Fa Cg 

Mmounsaturated Fat 91 

Cholesterol Orng 0% 

Sahmred Fat Oq WL 

Polylnsaturaed Fa  Cg 

Molounsaturaled Fat 059 ( Mmounsaturalsd Fat 059 

Cholesterol Omg 0% 

Sodium l40  mg 6% 

Total Carbohydrate log 3% 

I Sodium 160 mg 7% I Sodium 250 mg 11% 

Total Catbohydrate 79 P/* 

Dletary Fiber zg eh 

sugars 39 

Prorein 69 

WtaminAV/~ . Vitamin C VA 

Total Carbohydrate Bg 39k 

Dletary Fiber Og OA 

%!?a= 79 

Dletary Fiber l g  If/o 

Protein 2q l Protein Ocl 

Vitamin AV& . Wfami l  CO% 

Wdurn 2% . ton 4% 

Sewino Size 8 fluid 02 1240~1 

C ~ U ~ O X  - rm4% 

~ - ~-~ ~ 

I (~erv ing  Size 2 ounces ( 5 6 ~ )  1 Servinq Size 2 tbsr, (29al I 

caldum 0% . ton 4% 

I l servings per Container>.<' 

Atmunt Per Sewlng 

TUNA FISH CREAM CHEESE 

I Nutrition Facts 1 i Nutrition Facts 1 
Servings pcr Conlplner AWC: 6 1 
Amount Per Servlng 

" 

Sewlngs per Container Awu l  8 

A m u r n  Per Sorvlng 

( I Calories 70 Wrk fm Fa 10 1 / Calories 100 calo- horn Fa 80 I Calories 100 Calories horn Fa 0 l 
% Daly Value' 

Total Fat I g  W 
%Daily Value- 

Total Fat 9g 14% I % Daly Value* 
Total Fat Og 

Saturated Fat Og V/- 

Fblyumatumed Fa Og 

Mmumaturated Fat Q 

Cholesterol 25mg 10% 

Saturated Fat 4g . 20% Saturated Fat Og WO 

FMymsatvrated Fat Og 

McnounsaUrated Fat Q 

Cholesterol Orng 0% 

Sodium 35 mg 1% 

Total Carbohydrate 279 W 

Dletary Rber Og WA 

Sugars 279 

Mmmab,raled Fst Q 

Cholesterol 25mg 10% 

Sodium 1 W mg 4% 

Tnal Carbohydrae 2g 11% Total Carbohydrate Og W/- 

Dietary Fiber Og @A 

Sgars Q 

Dletary Rber Og OA 

Sugars l g  

l I Protein 1% 1 1 proteinzg l 
'BASED ON A DIET OF 2000 CALORIES PER DAY 

Cal&rn 0% ran VA 
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~NFUSING THINKING INTO ~NSTRUCTION--ELEMENTARY -- - 

TYPE OF SEQUENCE THAT WILL SERVE THAT PURPOSE 
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SEQUENCING 

~ ~ ---- ~ ~ ~ . ~- ~ ~~~ ~-~~ ~~ 
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INFUSING THINKING INTO INSTRUCTION-ELEMENTARY SE~UENCING 

FLOW CHART 

I 

. ~ ~- ~ ~~~ ~ ~ ... ~~~ . . ~~ ~ 
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I SING THINKING INTO INSTRUCTION--ELEMENTARY REASONS AND CONCLUSIONS 
pp 

REASONS AND CONCLUSIONS 

CONCLUSION 

I 

l REASON REASON REASON 

l 

I 

I 

l 

I 
I 

l 

I 

I 

l 

l 

-- 
991 CRITICAL THINKING PRESS R SOFTWARE P.O. BOX 448. PACIFIC GROVE. CA 93950 S 800-458-4849 233 



ARGUMENT EVALUATION CHECKLIST 

I. Is there anything you need to find out in order to determine 
whether the reasons are accurate? 

2 .  If so, what information do you need to find out? 
I 

I 

3. Given that the reasons are accurate, i s  additional information 
needed before vou can acceot the conclusion? 

YES  NO^ 

4. If so, what information do you need? 

An argument should be convincing only if you answer "NO" to questions 1 and 3 above. 1 



~ p~~ 

~ ~~ ---. - ~ ~ ~ ~ ~ 
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THINKING INTO INSTRUCTION-ELEMENTARY 

, 

I UNCOVERING ASSUMPTIONS 
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WHAT DID THE PERSON DO? 

I 

i 

I 
ASSUMPTIONS 

! 

l 

WAYS TO FIND OUT IF CORRECT 

- 
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(wo THINKING INTO INSTF~UCTION-ELEMENTARY UNCOVERING ASSUMP~ONS 
- 

4- 

UNCOVERING ASSUMPTIONS IN ARGUMENTS 

CONCLUSION 

REASON 
1 
1 REASON 

l 
1 

1 

l 

l 

ASSUMPTION(S) 

QUESTIONABLE:? 

REASON 



LEARNING FROM AN ANALOGY 
BETWEEN TWO THINGS 

i 
I I is like I I 

-. - . ~ ~ ~~~ ~ ~ ~~~ ~ .. ~ ~~ ~~~ ~~~ ~~~~ ~ - ~~ ~ ~ ~ ~~ 
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THINGS KNOWN ABOUT B ( )THAT MIGHT ALSO BE TRUE OF A ( ): 

~- ~ ~~ ---- ~ ~ ~ -~~ ~ ~- ~ ~ ~ ~~ ~~~ ~ .. ~ - .. ~ . .  .... .~ . 
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CONDITIONAL REASONING 
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I I CONDITIONAL ARGUMENT EVALUATION CHECKLIST 11 
1. Are there circumstances in which the premises could be true while 

the conclusion is false? YES NOD 
2. If so, describe that situation. 

A deductive argument is valid only if there are no circumstances in 
which the premises are true and the conclusion false. YES N O D .  

. If so, what information is needed? 





Subject: 

Grade: 

INFUSING THINKING INTO INSTRUCTION-ELEMENTARY INFUSION LESSON PLAN 

1 Introduction 1 1 
TITLE: 

1 Applying Your Thinking 1 1 

INFUSION LESSONS 

LESSON l 
INTRODUCTION TO CONTENT AND THINKING SKILWROCESS l 71 I 

THE THINKING 

1. Importance of the 
thinking. l l 

2. How do you do the 
thinking? I I 

3. Importance of the 
content. I I 

I I 
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APPLYING THINKING 

THINKING 
Immediate Transfer 

1 lrnrnedtate transfer 
a. Near transfer 
b. Far transfer 

2 Re~nforcernent later 

Reinforcement Later 

EXTENSION 

ASSESSING STUDENT THINKING 
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TITLE: 

Subject: 

Grade: 

LESSON 

INTRODUCTION TO CONTENT AND THINKING SKILUPROCESS 

1. Importance of the I thinking. 
l 1 2 How do you do the 

thinking? 

3. Importance of the 
content. 
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THINKING ACTIVELY 

THINKING &@OUT fW1MKfC.6G 

THINKING 1 ABOUT THINKING 
- 

l I 1. Kind of thinking? 

/ 2. HOW did you do i t? 

( 3. Is it effective? 


