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FOREWORD

This unit, Behavior of Mealworms, is an outgrowth of the thinking,
teaching, and learning of many people in many capacities. It has been
developed, used, criticized, and refined in response to the experiences
of teachers and children in a wide variety of classroom situations.

In an early stage, the study of mealworm behavior was part of a much
broader unit on animal behavior. Classroom use, however, indicated
that a unit on mealworms alone would be practical and would focus
sharply on the major objectives of this type of elementary science con-
tent. My own experiences in teaching, for example, revealed that chil-
dren could find out a surprising amount about mealworms by making
careful observations and performing simple experiments. Further,
through such observation and experimentation the children developed
significant sophistication about how to approach a problem, about
interpreting and evaluating data, and, in general, about scientific
inquiry. -

Behavior of Mealworms was first published by ESS as a twelve-page
pamphlet in 1962. Many improvements were suggested by the teachers
who used this early version. Principal among these was Mr. Donald
Ford, who taught the unit many times. Other teachers who were espe-
cially helpful were: Mr. Larry Bramhall, Mrs. Laura Heller, Mrs. Susan
Jorgensen, Mrs. Barbara Ragle, Miss Virginia Strong, and Miss Althea
Weldon.

In 1964 a second experimental edition was published. For advice and
encouragement in the preparation of that edition | thank many members
of the ESS staff, particularly Miss Eleanor Duckworth, Mrs. Phylis
Morrison, Dr. Roger Payne, and Mrs. Mary Lela Sherburne. In addition
| am grateful to: Dr. Roger Payne and Dr. Richard Taylor for help with
the Appendix, Mr. George Cope and Mrs. Muriel Williams for taking the
photographs, Mrs. Betty Sears for doing the art work, and Mrs. Eleanor
Sylvestor for supplying mealworms.

The fifty teachers who used the 1964 edition contributed many ideas
to this present edition. The three directors of the Elementary Science
Study, Dr. David Hawkins,  Dr. Benjamin Nichols, and Dr. Charles
Walcott, contributed invaluable support.

Finally, | would like to thank my friends, the mealworms. These dimin-
utive creatures performed in all the experiments without complaint
or pay.

David Webster
Elementary Science Study






























2. Optional Experiments on Walking and Eating

Before proceeding with the activities described in the sections
which follow, you may want to spend several days investigating
how a mealworm walks and eats. Some of the experiments
suggested below could be studied by your entire class, or by
only those students who want additional work.

Walking

The method of walking is almost always described by some-
one. In what order does a mealworm move its legs? Three
children standing in a row could demonstrate different ideas
with their three pairs of legs. (See Figure 3.) An easier way to
see how a mealworm walks is to watch it on a mirror, or from
underneath a piece of glass.

You could ask your students other questions about loco-
motion, such as:

- Q& Does a certain mealworm turn more often to the right
or to the left?

Can you make a mealworm go in a straight line?

How does a mealworm walk on the moving turntable of a
record player?

How far does a mealworm go in a minute?
How fast can the fastest mealworm go?
How fast does a mealworm dig down through bran?

If placed on a slant, do mealworms walk up more than they
walk down? '

Why do mealworms sometimes walk backwards? Do they
back up every twentieth step? Can a darker spot or speck of
dirt be found at the place where the mealworm goes back-
wards? 99

Eating

Do mealworms eat bran? A few flakes of bran can be
placed with a mealworm in a tiny closed box, like a match
box. If the bran disappears, it has probably been eaten. Two
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FIGURE 4. Students’ Drawings of Mealworms.

over the head of a child with his eyes closed. He can’t really
see, but he is still able to tell when it becomes darker as the
box is lowered.

How Can Mealworms Follow Walis?

“What can we do to find out which parts of the body might
be used by a mealworm for following walls?”’ The children
might suggest that, to test sight, a mealworm’s head could be
coated with nail polish or black paint. This may be a good idea,
but it should be discouraged since it is harmful to the meal-
worms and does not show much anyway. A magnifying glass
could be used to look at the legs or antennae of a mealworm
which is following a wall.

“Would a mealworm still be able to follow a wall in the
dark?” Let your children try to work out some techniques
for answering this question. The problem, of course, is how
to see where the mealworm travels in the dark. If chalk dust
or talcum powder is sprinkled on the bottom of the box,
mealworm tracks made in the dark can be observed.

In the words of one student:

€& 7o find out whether mealworms use their eyes or not we
put them in a dark box with flour on the bottom, hoping that
the worm would leave tracks showing where he went. It did
not work because if there was enough flour for tracks, he
would just bury himself and do nothing. If we used too little
for him to bury in, it wouldn’t leave tracks. What | think should
be done is to put the mealworm in a box in a pitch dark place
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4. How Does a Mealworm Find Bran?

3

This activity should be introduced by a demonstration one or
two days in advance. The class can be shown a shoe box with
a pile of bran at one end. About twenty mealworms can be
placed in the other end and the box left uncovered. For
purposes of simplicity the activity is described here using bran.
Instead of bran, however, any dried cereal flake can be used.

By the next day the children can see that many of the meal-
worms are in the bran. Then pose the question, “How do they
find the bran?” (or cornflakes or whatever cereal you have
chosen to use). Some possibilities such as sight, smell, or just
chance might be brought out in class discussion.

~

“How could we:find out if mealworms find the bran because
they sense it (by sight, smell, or otherwise) or just because
they happen to bump into it?”” You probably will have to sug-
gest to the children that a useful procedure is to mark the
mealworm’s path with a pencil as it moves along. An aimless
direction of movement might occur when the mealworm is
first released in the box with the bran pile. But as the meal-
worm wanders closer to the bran, is a distance reached at
which its motion becomes directed toward the bran? What
would this mean? It might show that the mealworm could
somehow detect the presence of bran from that particular
distance.

To obtain uniformity and thereby permit better comparison
of results, duplicate a paper on which is indicated a starting
point for the mealworm and a circle for the bran. The design
of this worksheet should approximate the positions of the
bran and the worms in the original demonstration. Pupils
can draw the mealworm’s path by following it around this
paper with a pencil. The students should be cautioned against
guiding the mealworm’s direction by pushing it with the pencil.
A ruler can be held along the edge of the paper to keep the
mealworm on the paper. Several trials should be made with
each of several mealworms. '

Circulate around the room as the pupils work. If interest
lags, ask questions to encourage more experimenting.















ples, this experiment has actually been done. You
might want to have the children try this sometime.)

. | tested my dog to see his reaction to music. So

every night after his dinner, for two weeks, | put him
in my room and turned on some music. On almost
every night he was asleep within 10 minutes. It
seems that music makes my dog go to sleep.

. | wanted to find the effect of noise on a kangaroo.

The noise was made by exploding a 2-inch fire-
cracker 10 feet behind the animal. This was done
ten times to each of five different kangaroos. | saw
that sometimes after the ‘‘bang”’ the kangaroo
jumped higher than usual.

. | wanted to see if mealworms like high places. |

put my mealworm on a book and raised it five feet
above the floor. This was done about 25 times with
several different worms. Every time except once
the mealworm crawled around the book until he
fell off onto the floor. It took from 8 seconds to 6
minutes and 15 seconds for this to happen. The one
mealworm which didn't fall off just sat on the book
and didn’'t move. | don’t think mealworms like
heights.

. | have heard that bats get into people’s hair. |

found a bat and sneaked into my sister’s room and
let it loose. It flapped around the room three times
and suddenly flew into her red hair and boy, did she
scream! Now | know that this superstition is really
true; if there are people around, bats will try to fly
into their hair.

. My problem was to find out if coldness would affect
the behavior of June bugs. | put 20 fully grown bugs -

in a metal box 12 inches square with a cover. The
June bugs ran all around the bottom of the box.
Then | put 4 ice cubes inside the box at one end.
After 10 minutes all the insects had moved to the
end of the box away from the ice cubes. | guess
that June bugs try to get away from the cold.

CHART 1. Temperature and the Sound of Crickets.
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10.

Does temperature affect the number of times a
cricket cricks? To answer this question, | used 17
adult male crickets in separate outdoor screened
cages. Chart 1 shows my results. | have concluded
from this experiment that temperature does affect
the cricking of crickets.

| found out that mealworms prefer to live in Wheat-
ies rather than sawdust. | made a small pile of both
of these 6 inches apart, and placed a mealworm
between them. In 52 seconds the mealworm had
walked to the pile of Wheaties and disappeared into
it. After one hour he was still under the Wheaties.
Do mealworms prefer a certain color? First, | cut
four pieces of paper. The colors were red, blue,
black, and yellow. | pasted the paper to look like
this. (See Figure 9.)

Yellow

FIGURE 9.

Diagram of Experi-
Red ment to See if
Mealworms Prefer a

Bldack

()
G

Certain Color.

-/

Blue

Then | took five mealworms and set them in the
middle of the paper on the white disk. And | watched
to see where they would go. | ran 44 tests and at
the end | tabulated these results:

Blue Red Yellow Black
42 56 50 72

Two times a worm didn’t move. It seems as if meal-
worms prefer black. | wonder if it's because black
is warmer? (This experiment was reported by a
student from Bickleton, Washington.)
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6. Making a Mealworm Back Up

The work on backing up gives the children a chance to observe
how a mealworm reacts to various stimuli. Here they may
begin to see how measurement by counting can refine quali-
tative observations. Because backing up is an obvious and
clear-cut response, it is an easy one to begin with. Perhaps
you or your children will find some other suitable question
for study also.

Various Ways to Make Mealworms Move Backwards

If your students have ever seen mealworms backing up,
they can probably describe examples of this somewhat un-
usual behavior. Then you can ask the question, “How many
different ways can you find for making a mealworm back up?”
Students can work on this problem at home and give their
results in the following class.

The various methods which have been found to make meal-
worms back up should then be listed on the board. Some of
the ways mentioned in trial classes are listed below:

flashlight turpentine dropped with
smoke medicine dropper

burning match touching with pin

vinegar on Q-Tip electric shock with battery
hot iron : touch with pencil

loud noise color

bumping into something  blowing on it through a straw
ammonia spinning on phonograph table

water dropped on head wet ink from felt pen

If the list becomes too long, it might be convenient to have
the children group some of the similar ideas together into
larger categories. In the list above, the use of vinegar, tur-
pentine, and ammonia might be combined under the heading
of odor.

Selecting the Best Way to Make a Mealworm Back Up

The question can be raised: “‘Which is the best way to make
a mealworm move backwards?”’ Guesses can be heard, but
there will probably be little agreement. ‘““How can we find out
which is best?”’ Some child may say that everyone should try
all the different ways. “Would it be better if everyone tried each
way more than once?” “Why?"’ Perhaps the students can be
led to see the desirability of quantitative results obtained by
testing each method a large number of times. They usually
do not realize that this may permit more precise statements to

be made about certain observations.
[



Some ideas for making a mealworm back up might be con-
sidered poor by a majority of the students, and these can be
eliminated through discussion. The class should then select
for more study the four or five methods it thinks most promis-
ing. You can suggest that a definite procedure be established
to test each method.

One class had the following ideas for hot things to use in
testing heat:

a piece of glass heated on the radiator

steam from a steam iron

a nail heated by a match

short circuiting a dry cell battery with a wire and
wrapping the wire around the mealworm

The hot nail was selected because it was thought to be the
most uniform source of heat and would be readily available.

Since the improper use of a hot nail can injure a mealworm,
you could suggest that the heated nail be held far enough
away so the mealworm would not get burned, but close enough
so it could feel it. The children can experiment with one
another to find what this distance would be for their own
hands. Such a measurement may help to establish a practical
distance, even though the small size of mealworms probably
makes them more sensitive to heat than we are. A hot nail
could burn a mealworm’s sensory hairs long before it could
be painful to a child’s fingers.

Each student can be asked to make a chart for recording
his observations. Some of the better of these can be repro-
duced on the chalkboard. You might then take the best ideas
and design a final chart. This can be copied by the students
and used at home for recording the results of their experi-
ments. It is not important how many times each method is
tested. The students should make as many trials as they can.

The lesson which follows the experimenting might be ini-
tiated by asking the children which was the best way to make
the mealworm back up. Despite the quantitative evidence,
there will undoubtedly be no complete agreement. ‘‘Perhaps
it would be better if we added together everyone’s results.”
One way to tabulate class totals is to list, at separate places
on the chalkboard, the different methods tested. The students
can then go to the board and write their figures in the appro-
priate columns. When the columns have been totaled, they can
be summarized on a master chart. The final figures will show
that some ways are better than others. You might ask the
children to rank the methods from best to worst. The results
from one class are shown in Chart 2. Touching the antenna
with a pinhead was best, but what is next best? Shining a
flashlight made the mealworm back up 198 times in 334 tries,
and the hot nail worked 247 times out of 330. Clearly this is
an ideal example to show the value of computing percentage.

25
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I TIMES TIMES RANK FROM
WHAT WAS DONE TRIED BACKWARD | g£ST" 70 WorST
HoT NAIL 330 247 2
FLASHLIGHT 334 198 3
BLOCKING WITH HAND 242 13/ 4
TovcHING ANTENNAE WITH PIN HEAD 2C8 212 /
—
MEALWORM AT EDEE OF PAPER 223 19 \ 5

CHART 2. The Best Way to Make a Mealworm Back Up.

Some Additional Work on Backing Up

“Why didn’t everyone get the same results?”’ A variety of
possible reasons may be suggested by the class. One answer
to this question might come from the realization that there
were still differences in the techniques employed, in spite
of the precautions to avoid this. Also, students may have
noticed differences in the reactions of the same mealworm to
a particular stimulus, and differences between different meal-
worms. Such things as rough or repeated handling, hunger,
age, and environmental factors can affect the responses of
a mealworm.

The class totals could be compared with those of other
groups of children. You can use the results shown here or
ones from classes you have taught in the past. Some mention
might be made of what the observations on backing up tell
about those things which mealworms can detect. “Would
mealworms back away from an unlighted flashlight?”’ “‘Do
you think that mealworms can feel heat?”’ “Why do you think
s0?” “When you use a hot nail, do mealworms back up be-
cause of the heat, or because they see the nail, or for both
reasons?’’ ““Would cool air make a mealworm back up as much
as would the warm air from your mouth?” “What other things
(like smells, smoke, and wind) can mealworms detect?”

Perhaps interested students could attempt to measure the
sensitivity of different parts of a mealworm’s body to some of
the stimuli. *‘Can he feel air on his tail as well as on his head?”
“How would you find out?” (It is a curious thing that meal-
worms seem to back up regardless of the wind’s direction.)
Some other children might want to experiment to see how dim
a light can be detected by a mealworm. “How could you find
this out?”’ A bright light could be shined at a mealworm and
made a little dimmer on each successive trial. (Dimming can
be accomplished by moving the light progressively farther
away or by covering it with various thicknesses of cloth or









Some things which children have said about mealworms in
boxes are:

€& They explore in groups.
It likes to climb up the walls of the box.
They are always trying to get out.
They don’t start climbing walls until the whole box is explored.
They give up in about 15 minutes.
They usually just sit around when they know they can’t get out.

He likes the sides of the box. 99

Measurement of Exploratory Movements

Following their initial observations, the students will exam-
ine more carefully the way a mealworm travels in his “ex-
ploration” of the box. Ask questions to direct thinking along
this line after allowing the children to say what they want.
“Does he spend most of his time following an edge?”’ ‘““How
much is most?” *“Where does he climb more, up the sides
or up the corners where two sides meet?”” ““How much of the
time does he stand still?”’

Disagreements about where a mealworm travels in his
exploration of the box will probably arise. If not, difference of
opinion can be encouraged through questioning. “Did every-
one’s mealworm mostly climb up the corners?” “Do all meal-
worms follow the sides of the box?"’ “Where do mealworms
spend most of their time in the box?’

One way to help resolve some of these problems is to find
the time spent by the mealworms in different parts of the box.
Students will probably experience difficulty in deciding for
themselves that time can be used as a measure to sharpen up
their observations. “What can we do to be more accurate?”
If the idea of timing cannot be developed through discussion,
the children will have to be told.

“What can we use to keep track of the time?” A clock will
probably be suggested, but you can mention the difficulty of
watching both the clock and the mealworm at the same time.
The children could work in pairs, so one could watch the clock
and the other the mealworm. ‘““How could we do it so everyone
can watch at once?” You will probably have to, introduce
something yourself. A metronome vibrating at approximately
one tick per second is a good time-keeping device because
it permits uninterrupted observations. If you can’t get a metro-
nome, you might improvise one of the homemade timing
devices described in Appendix |, pages 41-43.












The question could also be raised of just how dark it is
under the bran pile. How could you find out? It might be
possible to make a huge mound of bran so children could
crawl under. But this is not too practical. How dark is it under
a pile of leaves? One way to find out about the darkness under
a little pile of bran would be to get a box and cut a small (one-
inch) hole in the bottom. A window can be made by covering
the hole with a piece of glass or clear plastic, or plastic wrap-
ping taped at the edges. Then a pile of bran can be made
over the window. Children can see how dark it is under the
bran by looking into the box from underneath or through a
peep hole cut in the side. (See Figure 11.) Is it dark inside
the box? Suppose a light is placed under this glass-bottomed
bran pile; will mealworms still stay under the bran?

Zo7

7,

FIGURE 11.
Diagrams of ‘“Window-Box.”

Testing for the Effect of Weight

Does the mealworm know it is under bran partly because
of the bran’s weight on its back? What kind of material must
be used to test this idea? See if your children can realize that
something is needed under which a mealworm can crawl, but
which will not provide darkness or food. Why wouldn'’t a pile
of sawdust or chalk powder be good? How would you know
if mealworms stayed under sawdust or chalk because of the
weight on their backs or because of the darkness? What could
be used for these experiments that would be better? You can
have the students offer ideas, and the suggestion of shredded
cellophane or similar transparent flakes might be given. A
piece of such material could be cut up for experimentation.
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9. Suggestions for Evaluation

In working with mealworms your children, hopefully, will have
learned a great deal not only about ways of experimenting but
also about the sensory perception of mealworms. It is rather
difficult to devise a test to measure what has been accom-
plished. Several possible means of evaluation are described
below. Perhaps you can try some ideas of your own.

Written Tests

A teacher in Vermont used an interesting written test. She
described a hypothetical animal called a Snoogle and stated
that large numbers of these animals were often found under
rotten apples. The children were asked to give four or five
reasons to explain this behavior, and to describe some expe-
riments which they could do to indicate which explanations
were correct. A few of the answers follow.

“Some of the possibilities to explain why Snoogles

go under apples are:

1. They eat apples.

2. They might have hatched near apples or on apple
trees and are too lazy to move anywhere else.

3. They might not like light and stay under the apples or
in them to stay away from the light.

4. It might be that when the apples fall, other bugs go
near them and the Snoogle eats these other bugs.

5. It might be that the apples put a special chemical in
the ground that can’t be found elsewhere.”

“To see if they eat the apples, you could try feeding
them other types of food. If you found that they do eat
the apples it might be that they don’t travel very well,
and like to stay near their food. A better experiment
would be to put them in something with the same tex-
ture as rotten apples, like mud. If you find that they can’t
live in mud, it might be because the Snoogles ate the
apples and couldn’t eat the mud. If they were just as
happy- in the mud, you could assume that they didn’t
eat the apples, but like the feel of it.”

“To prove the assumption that Snoogles are allergic
to light or warm temperature, the Snoogle could be put
in a box, completely dark, with one or two rotten apples
in it. If he still went under the apple, it would not be to
escape from the light. By having a lighted box but a cool
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