Category Il Summaries for Life Science Examples

Addressing commonly held ideas

Food, Energy, and Growth

The material addresses several important commonly held student ideas, typically
by challenging students to compare predictions based on a commonly held idea
with what actually occurs. For example, teacher notes suggest what to do if
students think that the energy they see in a burning candle comes only from the
match used to light the candle (p. 42t).

Another activity focuses students’ attention on the necessity of transforming what
they eat into what they are, which can help address the misconceptions that food
is used in the stomach or just helps us grow, or that new body growth doesn’t
require new materials that have to come from somewhere (lesson 12, pp. 45—
48s). Questions are used to focus students' attention on the problem. (pp. 45—
46s).

Students then use geometric models to show how the digested food is broken
down into sub-units that are then reassembled into different structures (p. 46s).
And in the next lesson, students use the ideas of transformation and
conservation to explain various phenomena involving weight gain and weight loss
(pp. 49-51s).

However, students are not typically asked to contrast scientific ideas with
commonly held ideas. For example, the material does not employ the strategy of
asking students to write a response to a hypothetical friend or younger sibling
who holds a misconception. And while students are sometimes asked how their
answers at the end of the lesson are different from their ideas at the beginning of
the lesson (e.g., p. 13s), this may or may not involve students in contrasting
scientific ideas with commonly held ideas.



Cellular respiration is a chemical
reaction—actually a series of complex
chemical reactions summarized by the
equation shown here—that essentially
rcarrange the atoms of the reactant
substances (glucosc and oxygen) to form
new substances {carbon dioxidc and
water), and in this case, release energy.
Buming butter is a chemical reaction
which requires oxygen (so is burning
wax in a c¢andle, or buming wood or
paper.)

No matter is 1ost in this or any chemical
reaclion: the mass of water and carbon
dioxide produced is ¢xactly the same as
the mass of glucose and oxygen that
react together. You can see this by
naticing that the equation is balanced:
all the atoms (hat go intg the reaction
come out again. The energy stored in
the original molecules is released for
use in cell processes.

You may wish to discuss with students
what happens when one is deprived of
oxygen, as in carbon monoxide
poisoning.  Actually, dcath is caused
because cells are not getting the oxygen
they need. The first cells to be effected
areusuallybraincellsand people become
light-headed and pass out very quickly,
Cells are deprived of oxygen because
carbon monoxide will attach itself 1o the
hemoglobin of the red blood cells 250
times faster than oxygen will. Also, it
attaches more strongly than oxygen so it
does not exchange with oxygen. Asa
resull, the oxygen-carrying capacity of
blood isdrastically reduced and cellsare
nolonger geuling the oxygen they need—
thus dying of asphyxiation.
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Yes, a very complex set of chemical reactions is going on in cells

Building that release the stored energy from giucose. Oxygen is needed to
m- make these reactions occur, and carbon dioxide (and alas water)
inwhat'sleft after the reactions occur. To simplify these reactions,
scientists write one equation:
CJL0, + 60, §H,O + 6CO, m"f
glucose + oxygen » water + carbon
vapor  dioxide
What this looks like in
a cell is thia:
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The glucose and oxygen molecules react, and the stored energy is releassd! The
chemical reaction produces water and carbon dioxide, which leave the cell.

This precese that celles use to get energy from food is called cellular respiration.
[t is the reason why you can't live more than a few minutes if you stop breathing.
If cells can't get oxygen, they can’t get the energy out of foad, and they die very
quickly. What would huppen to you if your brain cells couldn't get oxygen?

X X X

What's the difference batween
& burning butter candle
and what goes on in your cells?
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many of your students think, then peint out to them that the candle bums much longer than the
malch, indicating that there must be some additional energy (lots, actually) in the butter itself.
If they believe that it is only the wick that is burning, have them try burning a wick by itself along
side the candle: Which burns longer?
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as in alight bulb or clectric stove, where electrical energy is changed into heat and light energy;
or in a fan, where electrical energy is changed into mechanical energy.
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GROWING Lesson 12

&

Moat people know that you need to eat well to grow well. But just what does this
mean? And how does food help a person grow?

Throughout this unit we've said that food does two important things for living
organisms (yes, not only humana, but dogs, cats, insects, bacteria, even planta!)
It provides the energy they need for all of their body's activities, and it provides
the raw materials needed for growing and repairing damaged body parts. But
what does it mean to say that food provides raw materials for growing?

How does food help a {eenager get taller?

How does food help a lizard regenerate a tail that
gets torn off?

7 Key
Question

How does food help a plant increass its size?

As you grow between the ages of 5 and 15, '
you get much bigger and your weight increases.

Your bones get longer. ﬂ

Your muscles get longer.

Do they just stretch? ﬂ

As your bones and musclea get longer, you nead more skin to cover them. Your
body needs more blood to move food and oxygen to all of ita cells.

Doeg your skin just streteh to cover your larger body? Does your blood just “thin
out” to move over longer distances?

Let's think about one muscle as it grows:

Ag it gets longer, does it weigh more?

I& there more muscle material in it if it weighs more?

Do you think that your body adds more muscle material to the growing muscle?
Where do you think that extra muscle material comes from?

X K K

Yes, it comes from food. But the tricky problem is: Since you don't eat human
muscle matarial, how do you get it? How do the animal and plant parts you
eat become part of you? How can food materials that come from animals and
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This key question, which will be
examined as this lesson continues,
assumes Lthat students realize that when
they grow, they actually have more
material in their body than before—it's
not a case of getling larger like a balloon
expanding. The questions that follow
the key questions are intended 1o help
students recognize this.

The important idea (or this lesson is that
some material from food gets
incorporated into bodies (cells) as we
grow.
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Lesson
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plantabe changed ints human bedy parts—human muscls materisl, new buman
blood, new human skin, and so on?

* pins

Get out the model of the human digestive and circulatory systems you made in
Cluster 2. Find the piece of different shaped paper that represent each of the
basic cotaponents of food—the carbohydrates, the proteins, and the fats,

A. Place these pieces in the small intestine. They will represent, say, soms
broccoli and hamburger you just ate (plant and enimal parts.)

B. Then pretend that the food is heing digested: Separate the food particlesinto
their digested products, showing that proteins are digested into
carbohydrates are digested into , and fats are digested into .

C. Movethesedigested particles through the wall of the small inteatine into the
blood stream, and give them a ride to, say, a muscle cell in your forearm.

What happens to them in the cell?

This is the big question. We already know what happens to glucose in the cell
(whut?) But what happens to amino acids?

Think this threugh for a minute. If your body needs new material to add to muscles
ag they grow, but you can't add the cow muscle materials in hamburger to your own
muscles, where could this new material come from? From these amine acids? Yes.
Just as proteins are broken down into amino acids, amino acids can be built back
up into new proteins, the exact ones you need to make new muscle materiall
Your celle are tiny architecis, building new muscle structures from the raw
materials—the building blocks—of amine acids.

D. Use the amino acid pisces of paper in your mode! to build new proteins by
taping them together in new ways. In your model, these naw proteins can be
thought of an new muscle material,

46 Michigan Department of Educati

The role of vitamins and minerals in growth; Vitamins and minerals are essential for
making the chemical reactions occur that combine amino acids into new proteins. They are not
incorporated into the new proteins, but are co-faclors with enzymes to make these reactions
occur, Vitamins cannot be produced by the body, so they have 1o be eaten; and some are not
stored in the body for very long, so they have to be eaten every day. Certain minerals have other
functions also, such as calcium in the production of bone maticr, iron in the production of blood
hemoglobin, and phosphorus for nerve firings.
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WEIGHT GAIN AND
WEIGHT LOSS

Lesson 13
+44 11

All living things undarge continuous change during their brief span of life on
earth. Fish get bigger, trees add new brancheg, crayfieh regenerate damaged or
lost parts, and people increase in size. In thie leeson, you will use what you
learned earlier in this cluater to help you understand the balance in your body
between what goes in and what comes out,

Why does the food you eat make you grow and
t Key gain weight sometimea but not other times?
Quest:ons What rele does exercise play in weight gain and
weight loss?

Imagine twoidentical twins, Emily and Felicia. Ench weighs 120 pounds. Emily
isthiraty and so she drinks & pound (about a pint) of' water. Feliciais very hungry
so she cats a pound of spaghetti. For the purposes of this activity, consider all
other food, water and activities of Emily and Felicia to be exactly the same unless
indicated otherwise. Here is what happens to the weights of the two girla:

Weight bafore Weight right atter Weight after
eating or drinking | eating or drinking ona day
Emily (watar} 120 |b. 121 b, 120 lb.
Folicia (spaghett) 120 b, 121 [b. 120.2 b,

Do you notice any pattern here? Both girls gained weight right away but lost
mostofthat weight within aday. Felicia, though,didn'tlose quite all of the weight
she had gained.

1. Why do you think Emily did not show any weight gain after one day?
Explain what Emily's body did with the water.

2. Why do you think Felicia showed a slight weight gain after one day?
Explain what Felicia's body did with the spaghetti.

On adifferent day, Emily and Felicia both dacidad that thay want tolose weight.
Emily =at in a sauna for half an hour. She perspired a lot. Felicia ran for half
an hour. She perspired alot too. Here is what happened to their weights:

Food, Energy, and Growth 19
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Allow students to speculate about these
key questions, without providing
answers at this point in the lesson.

In answering questions 1 -4, students are
asked to domore than compare the effects
of cating and drinking. They should
speculate about what actually happens
to food and water inside the girls’ bodies.
Most answers will probably be
incomplete at this point. Note where
students difficultics are,

1. Emily’s body used the waler 1o help
remove waste products through urine
and feces; she lost the water in these
ways over the long term, and returned to
her original weight

2. Felicia’s body used some of the
spaghetti (the protein} tobuild new body
cells, adding to her weight. Most of the
spaghetti, however, was used forenergy,
and the products of cellular respiration
(carbon dioxide and water) were exhaled
and excreted.
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3. Muostly by drinking water loreplenish
what they lost through perspiration—
our bodies demand this from us after we
excreise!

4, She needed extra energy o make her
body work faster than normal, so she
used some of her stored body fat for that
energy. It waschangediocarbon dioxide
and waler, and exhaled. She actually
lost weight by exhaling CO,!

5. (see Lable)

6. Long term weight gain: eating food
that helps build new cells (proteins) or
that can be stored as body fat. This food
intake has 10 be beyond what the body
requires for energy.

Long term weight loss; exercise that
uses stored body fat for its energy
conlent, changing it into carbon dioxide
and water. The carbon dioxide is
exhaled, losing its weight,

b. onesthatonlyinvolve waterintake
or 10ss
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Wenght balore | Weight right after Weight after

sauna or j SauNa of one da
Emily (sauna) ﬂ""iﬁﬁ%“ 113% """""_5[—120. ]

Folicia {running] 120 1b. 118 b. 119.9 ib.

3. How did the two girls gain back the weight they had lost?

4. Notice that Pelicia didn't quite gain all her weight back. Why? What
happened to that weight?

.\, Both girls lost weight shortly efter their activities by lowing
\ ) mostly water due to perspiration. They gained it back by
drinking. Felicia, though, also used some stored food for energy
needed for running. Through cellular respiration, it changedinto

water and carbon dioxide, and left her body, reducing her weight.

In general, you can do many different things that can cause you
togain or lose weight. Some of them make you gain or loge weight
only in the short term. Oihers cause long term or permanent
weight gain or loes. Let's try to sort out which activities have
which sorts of effects.

5. Look at the activities listed in the tablebelow. Think about what things cause
only short-term weight guin or loss and what things cause long term weight
gain orloss. Then copy the following table and fill in each space with one of the
following: weight gain, weight loss, no effect or not sure.

Activity Short tenn affect Long tem efiect

Ealing tuna fish [weight gain] jweight gain]
Ealing french fries [weight gain) [weight gain]
Eating pasia [wedight gain] [weight gain]
Drinking skim milk [waight gain] [weight gaint
Drinking water [weight gain] [no etfect)
Playing baskethal [weight loss] [weight loss]
Sitting in the sun (& parspiring) [weight loss] [no etfect}
Sleeping [weight krss] [weight loss or ne effect]
Going 10 the bathroom [weight loss] Ino effed]

€. a} Study your answers and make a statement about what sorts of
activities lead to long term weight gain or weight loss.

b) What sorts of activities have no long term effect?
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Calories: We deliberately have not latked about calories in this lesson, allowing the idea of
calories Lo come up as a question from students instead. Many students are familiar with the idea
of “counting calories” for dieting, or have seen the caloric vajue of a serving of food on package
labeling. “Calorie” (with a capital C} is a common unit of energy that refers to the amount of
energy released from the food when it is oxidized in the body—one Calorie isequal to the amount
of energy needed to raise one kilogram of water one degree Celsius. In dieting, people often try
to resirict the amount of calories (Calories) they eat, which is not the same, of course, as
restricting only the quantity of food eaten, since some foods have more calories per ounce (or

Michigan Department of Education




7. How can you explain long-term weight gain in terms of how our bodies use
food? Use the concepts of digestion and cellular respiration in your
answer,

8. Explain, in terms of energy, how you can control how much long-term
weight you gain or lose?

9. Why does eating sugar result in weight gain if it is stored as fat, but not
if it is used in cellular respiration.

10. Tell what kind of diet would be goad for sach of the following situations.
Explain how you made your choice.

2) You are a body builder and want to add muascle to your body.
b} You want to gain weight.

¢) Youare planning an expedition to the Arctic and want to get your body
ready for the trip.

d) What does a bear need to eat ag it prepares for hibernation?

Body fat is not a bad thing. If you were exploring in the Arctic, you might have
to go without food for several days. Excess food stored by your body as fat can
be converted to glucose and used for energy when your body needsit. In times
paat, people might use body fat if crops failed or hunting was bad; body fat was
impertant. In those situations, some people without some stored energy would
weaken and perhaps die. Today, for people who never ge hungry, the excess fat
their bodies store is no longer usefitl. Because fat can cause serious health
problems such as heart disease and high blood pressure, we need to keep our
bodies from storing too much fat.

X X X%

11. Whatdoyou wantfor yourself—weight gain, weight lossor just maintain
your current weight? Write a plan that will help you achieve your goal.
Tell why you think your plan will work.
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gram) than others. Generally fouds high in calories {(by weight) coniribute more to body fat than
those low in calories. But energy is needed by all people, even if they are dieting, so they have
1o maintain some minimal caloric intake—this is why bulimia or other forms of not eating are
dangerous: Without any food, our bodies have no energy and no materials for growth and repair.
New dietary guidelines recognize that foods high in saturated fats contribute more to body fat
(and heart discase) than those of similar calorie content thal are low in saturated fats.
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7. Digested food {primarily amino acids
and faity acids) can be used for growth
or for storage of fat; both result in weight
gain. If digested food is used for repair
or for celludar respiration, there will not
be any long-term effect.

8. If you want to gain weight, take in
more food for energy than what your
body needs. It will be stored as body fat,
adding o your weight,

If your body needs more energy than
whalt’s stored in the food you eat every
day, it will use stored body fat for that
extra energy, changing it to carbon
dioxide and water, and exhaling the
carbon dioxide.

9. When it is stored as fat, it adds to the
weight of the body. When it is used in
cellular respiration, it is changed into
carbon dioxide and water vapor, and
expelied from the body.

10. a) A diet rich in protein will provide
aminoacids needed for building muscle.

b} A diet high in carbohydrates and
especially fat will provide the excess
needed to gain weight.

¢) Fatshavetwiceasmuchavailable
energy ascarbohydrates (that's why they
taste so good.) Eatlots of carbohydrates
amd fat (o slore up exlra encrgy.

d) Lotsoffattostore up extraencrgy
for the body to keep warm and functicn
during the long winter (Although bears
don’t actually hibernate—their body
temperature does not drop signi-
ficantly—they are much less active
because food is much less available. In
the same way, plants store food in the
form of starch in the roots for use during
the spring, before their leaves begin
producing their own food.)

11. Answers vary
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19. a)Use what you have learned to write answers to the two kay questions
at the beginning of Lesson 2:

Whai's the difference between good foods and “junk” foods?

How could you find out which is which?

b) How are your answers different now than when you first thought
about these quesations at the beginning of the lesson?

It is important to understand that some of these food components are used
mainly for energy and some mainly to help us grow. Cluster 2 will go into maore
detail about what happens to these components inside your body, and Cluster 3
will go into more detail about how the body uses food for energy and growth.

The last lesson in this cluster explains where food is used in our bodies. Where
do you think?

Food, Energy and Growth 13

Where is food used in our bodies? Muany students believe that food is used in our
stomachs. They have very little notion of the ceflular nature of organisms, and that nutrients from
food are needed by cells. If students suggest that food is used in our stomachs, you might get
them to think more deeply about this by asking: If encrgy is released from food, and if your
muscles need energy when they work, how docs the energy get to your muscles. Swdents
answers to this guestion are interesting. Some might picture the human body like a giant
elecirical circuit, with the stomach being the battery, sending energy out to muscles over wircs.
The idea that this unit develops is that the “energy” goes around the body as digested food
{glucose), to be released as needed for various cell activities.
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We also use proteins for energy if we
need energy beyond our carbohydrale
and [at supplics. Scc note on p, TG 48
about vitamins and minerals.

19.a) Students should include the
following key poinis: Foods that help
you grow must have the proper nutrients
for growth, “Junk foods” bave toomuch
of some nutrients that we only need in
small amounts and not enough of the
others. Many stmdents associate fat and
sugar with “junk food"” and think that all
sugar and fat is bad for you. Since each
is a nutrient, your body needs it—but in
smaller quantities than most people eat.

You could dctermine which
COmponenets are present in any
particular food by performing the food
test on the food.

b) Answers vary
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