
















It may not be possible to measure the field of view at 

the highest magnification using this method. If this is 

the case, calculate the field of view by using the mea-

surement obtained with the intermediate objective. 

For example, if the field of view is 1500 μm at a total 

magnification of 100X, then it will be 1500 divided by 4, 

or 375 μm, at a total magnification of 400X (because a 

400X magnification results in a 4-fold greater magnifi-

cation than 100X). Another example: if the field of view 

is 2000 μm at 100X total magnification, then at 300X, it 

would be 2000 divided by 3, or 667 μm.

If you run out of time, you can pause here and resume 

the activity the next day.

Have students take a single poppy seed and “measure” 

its length in the microscope. To avoid dropping and 

losing their seeds, students can carry them in a paper 

cupcake liner or similar small container. Rather than using 

a ruler to measure the seed, students will measure by 

comparing it to the field of view diameter. Talk through 

this calculation with the class, using Overhead 3.2 as a 

guide. For example, if the poppy seed stretches across the 

entire field diameter, its would be the same size as the 

field diameter. They would divide by 1 in the calculation 

column. If it looks like it would take two poppy seeds to 

stretch across the field diameter, then they would divide 

by 2 in the calculation column. And so on. In Table 3.3 

below, a poppy seed was 1/4 the diameter of the field, so 

in the calculation column, you divide by 4. You may also 

use the drawing on Overhead 3.2 (a field of view show-

ing 2 seeds stretching across its diameter) to help explain 

how to do the calculation. See Table 3.3 for a sample 

poppy seed measurement. Remember that your students’ 

measurement may not exactly match the measurement in 

the table because they will be using a different micro-

scope and possibly a different magnification. Fill in the 

overhead with your students’ numbers.

FIGURE 3.1. Measuring a Microscope’s Field of View with a Ruler

40X 4 4 mm* ÷ 4 seeds 1 1000

*NOTE: students should use their own field of view measurements from 
student sheet 3.2, not the sample measurement in Table 3.3.

TABLE 3.3. Sample Poppy Seed Measurement and Calculation for 
Overhead 3.2



Have students fill in their poppy seed measurement on 

Student Sheet 3.3. They should also draw pictures of the 

seeds on Student Sheet 3.4. If needed, you can make 

additional measurements together as a class using differ-

ent seeds or at different magnifications.

After students have measured a poppy seed, they should 

measure two more types of seeds. They should record 

their measurements on Student Sheet 3.3 and also draw 

and describe the seeds on Student Sheet 3.4. Measure-

ments of many seed types are provided for teachers as a 

reference in Table 3.1.

Discuss the accuracy of the student measurements, using 

the questions at the end of Student Sheet 3.2 as a guide. 

Make sure students understand that measuring very small 

objects in the microscope is more accurate than using a 

ruler, and that even extremely objects that we cannot see 

with our naked eye can be measured in the microscope.

As students are engaged with using their microscopes, circulate around the room and ask yourself these 

questions to assess student leaning. You may wish to prompt students with questions in order to aid in your 

assessment of their learning.

 Do students understand that micrometers are the unit 

used when measuring microscopic objects? Are they 

able to convert measurements between micrometers 

and millimeters? Do they understand how small a 

micrometer really is?

 Do students understand that measuring very small 

objects with a ruler is not very accurate?

 Do students understand what “field of view” means?

 Are students able to measure their microscope’s field 

of view with a ruler? Do they realize that the field of 

view diameter is different at each magnification?

 Are students able to estimate the size of a microscopic 

object by looking in the microscope and comparing it 

to the field of view diameter?



To estimate the diameter of field of view at the highest magnification,  
you may need to do a simple calculation.

For example: Field of view diameter at 400X = Field of view diameter at 100X
 4

OVERHEAD MASTER 3.1

Field Diameter

Field Diameter

Field Diameter



OVERHEAD MASTER 3.2

Poppy seed

* how many items fit across one diameter?

 Field of View Diameter 
= length of item

# of items that stretch across one diameter



STUDENT SHEET 3.1  NAME

The metric system of measurement is used by scientists all over the world. The metric system uses multiples of 

10 and is based on a standard length of 1 meter, which is just a bit longer than one yard. Microscopic objects 

are usually measured in either millimeters (mm) or micrometers (μm). When working with microscopes, it is 

especially important to know that 1 mm equals 1000 μm.

Metric Units

1 meter (m) = 100 centimeters (cm)

1 centimeter (cm) = 10 millimeters (mm)

1 millimeter (mm) = 1000 micrometers (μm)

A. Measure the following in meters (m) and then convert to centimeters (cm).

  1. My table/desk length is            m or            cm.

  2. My table/desk width is            m or            cm.

B. Measure the following first in centimeters (cm) and then convert to millimeters (mm).

  3. My hand span (tip to thumb to tip of little finger) is            cm or            mm.

  4. The width of the back of my hand is            cm or            mm.

  5. The width of this piece of paper is            cm or            mm.

  6. My pencil length is            cm or            mm.

C. Now measure the following in millimeters (mm) and convert to micrometers (μm).

  7. The width of my index fingernail is            mm or            μm.

  8. The pencil width is            mm or            μm.

  9. The word “cell” is            mm or            μm.

  10. The letter “e”  is            mm or            μm.



1. Using a metric ruler, measure the length of a poppy or thyme seed in mm.

2. Write the measurement in the table below.

3. Convert the length to μm and record in the table. Remember, 1 mm = 1000 μm.

STUDENT SHEET 3.2  NAME

How accurate is your measurement? How could you measure the seed length more accurately?

4. The circle below is a picture of what you would see if you looked through a microscope at a ruler. 

Measure the diameter of the circle, or field of view, using the ruler that has been drawn in the picture.

 Circle Diameter =            

5. Now use your ruler and microscope together to measure the field of view diameter  

at all magnifications possible. Start with the lowest magnification. 

 a) Turn your lowest power objective lens into place. 

 b) Place your ruler across the hole under the objective. 

 c) Look at the ruler through the eyepiece. Focus. 

 d) Line up the ruler so that it stretches across the full diameter of the field of view. 

 e) Count the marks on the ruler to measure how wide the field of view is.  

  The distance between marks is 1 mm.

 f) Record your measurement in mm in the Field of View Measurements table below. 

 g) Convert the measurement to m, and record this also.

 h) Make similar measurements using your microscope’s other objectives.



Field of View Measurements

STUDENT SHEET 3.2  (CONTINUED) NAME

example: 4X x 10X = 40X

6. Take a single poppy or thyme seed and look at it in the microscope. 

7. Draw what you see on Student Sheet 3.4. 

8. Estimate the seed’s length in your microscope by comparing it to the diameter of the field 

of view. Do not use your ruler. 

 Does the seed stretch across the entire diameter? If so, is it the same length as the field of 

view? Would it take two seeds to stretch across the field of view? If so, the seed is half the 

size of the field of view at that magnification. Use your field of view measurements and 

the table on Student Sheet 3.3 to guide your calculations of seed length. Fill in the answer 

in the data table on Student Sheet 3.3.

9. Now measure 2 more types of seeds using the same method and fill in Student Sheets 3.3 

and 3.4 with your drawings, measurements, and calculations.

Questions

 Compare your two measurements for the size of a poppy or thyme seed (one measurement 

made with only a ruler, and the other made with the microscope). Are the two 

measurements the same?

 Which was more accurate, measuring the seeds with a ruler and your eye or comparing  

them to the size of the field of view in your microscope? Why?

 We can see seeds with our naked eye, but some objects are so small we can see them  

only with a microscope. Could we estimate the size of these extremely small objects  

using the microscope?



STUDENT SHEET 3.3 NAME

(This table will be used in Activity 4 also.)

Poppy seed

* How many items stretch across one field of view diameter?



Observe 3 different seeds (including the poppy seed) in the microscope and draw what you see. Include magnification. 

Write a few words describing what you see. You may use analogies if you like.

Measure and calculate the size of the seeds using a microscope and your field of view measurements from Student 

Sheet 3.2. Record size below as well as on Student Sheet 3.3.

STUDENT SHEET 3.4 NAME





One to two 50 minute sessions.

Living things are made up of microscopic  
units called cells.

Cells are very small, although different types  
of cells vary in size and shape.

Because they are so small, cells are studied  
with microscopes.

Cells from plants and animals share certain features 
such as a distinct outer edge (cell wall or cell 
membrane), a nucleus, and chromosomes.

Preparing wet mounts of cells.

Observing cells in the microscope and making 
accurate drawings of them.

Measuring microscopic objects by comparing to 
the size of the field of view.

Estimating the size of a microscopic object by 
comparing to another object in the field.



Overhead Master 4.1, Plant and Animal Cells

 Toothpicks (flat style)

 Disinfectant (e.g. Pinesol, for disinfecting used 
toothpicks from students’ mouths)

 Onion

 Cutting Board

 Knife

 Prepared microscope slides showing chromosomes  
in onion root tip (“Onion mitosis” slides are available 
from scientific supply companies such as Ward’s 
[www.wardsci.com] or Carolina [www.carolina.com].)

 Eye droppers or transfer pipets

 Iodine solution (1/10X dilution of drugstore iodine)

 Methylene blue solution, 0.05%

100X magnification)

 Transparent metric ruler

 Waste containers (e.g. paper cups), one with 
disinfectant and one without

 Slides

 Cover slips

 Student Sheet 4.1a, Observing and Measuring Cells: 
Instructions

 Student Sheet 4.1b, Observing and Measuring Cells: 
Data Chart

 Student Sheet 4.2, Using a Hair to Measure Human 
Cheek Cells (Use this sheet only if the class microscopes 
are not adequate for measuring. See Getting Ready, 
#5, below.)

 Student Sheet 4.3, Observing Onion Root Tip Cells



1. Assemble materials.

2. Prepare iodine and methylene blue solutions 
as follows.

 Iodine. Dilute drugstore iodine 1/10 in water.

 Methylene blue. If you are starting with methylene 
blue powder, make up a 0.5% stock solution 
by adding 0.5 g powder to 100 ml water. Dilute 
some of this stock solution 1/10 by mixing one 
part stock solution with 9 parts water to make 
a working solution of 0.05%. Store extra stock 
solution for future use. If you are starting with a 
liquid stock of methylene blue (some suppliers ship 
methylene blue as a solution), dilute it in water to 
a final concentration of 0.05%. Do not use a more 
concentrated solution of methylene blue because 
the cells will be stained a solid blue, and details 
such as the nucleus will be difficult to observe.

3. Set up a general supply station in the room and 
arrange materials there that will not be distributed 
to student groups (see Materials above).

4. Cut up onion into chunks using knife and cutting 
board. Place in the general supply area. You may want 
to put the cut up onion in a plastic bag to help control 
the odor.

5. Look at stained human cheek cells in the microscope 
and determine whether your microscope will allow 
you to measure the cells using the field of view 
technique. If not, you will need to use the hair 
comparison technique. See Presenting the Activity 
for further details. It is important to determine what 
measurement technique you will use in advance, so 
that you can tell students which protocol to follow. An 
additional student worksheet is needed if students will 
be using the hair comparison technique.



 (PL. AMOEBAS OR AMOEBAE) A single celled 

organism that moves by extending a part of the cell 

called a pseudopodium. Amoebas share many features 

with the cells of plants and animals: they have a 

nucleus, chromosomes, and cell membrane.

 (PL. BACTERIA) A simple, single celled 

organism. Bacteria come in different shapes and sizes. 

Unlike plant and animal cells, bacteria do not have a 

nucleus, although they have a cell membrane and cell 

wall. The genetic material is found in the cytoplasm.

The building block of living organisms, and the 

smallest unit that can perform all the life processes.

The outer layer of an animal cell. 

Plants also have a cell membrane, but it is surrounded 

by another layer, the cell wall.

The outer layer of a plant cell. It gives the 

cell strength.

Structures in the nucleus that contain 

the genetic information.

Introduce terms for the parts of a cell after your students have observed them.

The part of the cell enclosed by the 

cell membrane, but not including the nucleus.

The area inside a plant or animal 

cell that contains the genetic information. It is 

surrounded by a membrane, so it is like a smaller 

sack inside the cell.

A structure in a plant or animal made 

of several different tissues that work together to 

perform a particular function (e.g. heart, skin).

 (PL. PARAMECIA) A motile, single celled 

organism that lives in pond water. Like the cells 

of animals and plants, paramecia have a nucleus, 

chromosomes, and cell membrane.

A group of similar cells that 

function together.

A non-motile, single celled organism 

with a nucleus.



Elicit from students the names of the smallest living 

organisms they have heard of. They may mention 

germs, bacteria, yeast, amoebas, and paramecia. 

Ask them how these organisms can be seen (with a 

microscope) and what they look like (little sacks or balls 

or ovals). Then tell them that each of the tiny shapes 

we see in the microscope when we look at bacteria or 

yeast is an individual organism. Show students a picture 

of bacteria or yeast. Organisms that can only be seen 

with the microscope are called microbes or microorgan-

isms. Each microorganism can carry out the functions 

of a living organism, including eating, growing, and 

reproducing. The smallest unit of life that can carry out 

these essential functions is called a cell. Bacteria and 

yeast are organisms that consist of only a single cell.

Ask students whether they think larger organisms, like 

plants, trees, animals, and people, have cells. Cells are 

the basic building blocks of all living organisms. Complex 

organisms like plants and animals consist of many types 

of cells that have different functions. But different types 

of cells have certain features that are similar. Students will 

look at cells from two different organisms: onions and 

humans. They will obtain human cells by scraping cheek 

cells from the insides of their own mouths. They will use 

microscopes to see how plant and animal cells are similar 

and how they are different. They will also estimate the size 

of these cells by comparing them to the microscope’s field 

of view or a hair. Finally, they will look at prepared slides 

of onion root tips, a growing part of the onion plant that 

contains dividing cells. These cells have been stained so 

that their chromosomes can be seen.

Ask each student group to get a chunk of onion from 

the general supply station. Demonstrate how to separate 

the fleshy layers of the onion and peel off the thin skin 

in between. This skin is made up of a single layer of cells, 

which allows easy visualization of cells in the microscope. 

Instruct the students to follow the directions on Student 

Sheet 4.1a for preparing stained onion cells and looking 

at them under the microscope. Make sure students get a 

THIN skin of onion to look at in the microscope. Remind 

them to follow the directions for correct use of the micro-

scope, starting with the lens just above the slide and 

then focusing by raising the lens (or lowering the stage). 

Have students draw what they see on Student Sheet 4.1b. 

Students should also estimate the length of an onion cell 

by comparing it to the field of view diameter and record 

the cell size on Student Sheet 4.1b. You may wish to write 

the field of view diameter for each magnification (deter-

mined in Activity 3) on the blackboard for your students’ 

easy reference.

You may want to lead the students through the prepara-

tion of their first wet mount, but after that they should 

be able to work independently. Allow about 15 minutes 

for the students to observe the onion cells.

Students have used the field of view technique to mea-

sure an extremely small object, an onion cell. They will 

now use the microscope to compare the size of an onion 

cell to the size of an object they are all familiar with and 

can actually see—a human hair. In this way, students will 

develop a deeper understanding of the size of a cell. The 

width of a human hair may be too small to measure using 

the field of view technique. Instead, students can mea-

sure the hair width by comparing the hair to the size of a 

previously measured microscopic object, the onion cell.

Ask students to pluck a hair from their heads and place 

it under the cover slip on their microscope slide, next 

to an onion cell. Students should estimate the width of 

the hair by comparing it to the length of the cell, which 

they have already calculated. For example, if their onion 

cell was 300 μm, and their hair width is 1/2 the length of 

the cell, then the hair would be 150 μm wide. If needed, 

you can demonstrate this calculation on the blackboard. 

Students may be able to measure the hair using the field 

of view technique. But be aware that this is not possible 

on all microscopes. Have students fill in the hair measure-

ment on both Student Sheet 4.1b and Student Sheet 3.3, 

Microscopic Measurements.



NOTE: MEASURING the human hair must be done the same day as 
viewing the onion cell so that its size in relation to the onion cell can 
be determined. So if you are running out of time, DO NOT pause the 
activity BETWEEN the onion cell and the human hair. Pause AFTER 
the human hair and continue the next day. It is essential to measure 
the hair in this activity so that students may use their measurement in 
Activity 6.

Students will now prepare a wet mount of their own 

cheek cells. Students will place a drop of 0.05% Methyl-

ene Blue on a slide and use a toothpick to gently scrape 

some cells from the inside of their cheeks. To transfer 

cells to the slide, students should touch the end of the 

toothpick to the drop on the slide and swirl it gently. 

Since students are working with human tissue, instruct 

them to put their toothpicks into a cup of disinfectant 

as soon as they use them. Students should not share 

toothpicks. Next, students should cover the cells with a 

cover slip and allow five minutes for the cells to take up 

the stain. Make sure that students do not use a solution 

of methylene blue that is too concentrated because the 

cells will appear solid blue, and students will not be able 

to observe details such as the nucleus.

Have students describe and draw the cheek cells on 

Student Sheet 4.1b. Their descriptions should include 

how cheek cells are similar to onion cells and how they 

are different.

Students can estimate the size of the cheek cells either by 

comparing them to the field of view diameter or to the 

width of a strand of their hair, which they have previ-

ously measured. If your microscopes are not powerful 

enough, students may not be able to use the field of view 

technique to measure objects as small as a cheek cell. In 

this case, your students will need to use the hair compari-

son method. You should determine what method your 

students will use in advance. If you cannot measure the 

cells using the field of view technique, have your students 

estimate cheek cell size by comparing them to a human 

hair. In this case, provide students with Student Sheet 

4.2, Using A Hair to Measure Human Cheek Cells. Do not 

provide the students with this sheet otherwise.

Use this technique only if your microscopes are not 

powerful enough to use the field of view technique 

to determine the size of cheek cells. Students will first 

measure the width of a human hair with the field of view 

technique and then estimate the size of cheek cells by 

comparing them to the width of a hair. Have students 

follow the instructions on Student Sheet 4.2. You may 

need to walk them through a sample calculation. Because 

hair width varies greatly from person to person, student 

groups must use hair from the same person whose hair 

they measured previously.

Have the students look at the commercially prepared 

slide of onion root tips. These cells have been stained to 

highlight certain structures inside the cells, including the 

chromosomes. Root tips contain cells that are growing 

and dividing. Just before cell division, the chromosomes 

become tightly packed and take up the stain. As a result, 

students may be able to see them inside the nuclei of 

some of the cells. They will look like squiggly lines.

Have the students complete their observations and 

answer the questions at the end of Student Sheet 4.3.



Because younger students learn best when they 

have concrete examples, we have not introduced any 

organelles or cell parts in this activity that they can-

not observe themselves. However, in middle school, 

students frequently learn about the parts of a cell in 

more depth than is presented here. They may learn 

about the structure and function of organelles such 

as the golgi apparatus, endoplasmic reticulum, mito-

chondria, chloroplast, and ribosomes. If you would 

like your students to learn about these organelles, 

you can supplement this activity with a more detailed 

reading or activity. Be sure to relate the functions of 

the organelles back to the functions students identi-

fied in Activity 1, Living and Non-living. If you want 

students to view the organelles firsthand, provide them 

with prepared slides of cells that have been stained 

for specific organelles. These slides can be purchased 

from science education supply houses, such as Carolina 

Biological (http://www.carolina.com) and Ward’s 

(http://www.wardsci.com).

Bring the group together and have them share their 

drawings. Lead a discussion and incorporate some of 

the questions and suggestions below. 

In stained onion skin, students should be able to see 

well-defined cell walls around the outside of cells. They 

should also be able to clearly see a nucleus in most 

cells. Animal cells such as those from human cheek 

have a cell membrane, but they do not have a cell wall. 

Explain that plants do not have skeletons, so they have 

rigid cell walls to provide strength. Students should 

have noticed the stringy material inside the nuclei of 

some of the onion root tip cells. Allow the students to 

describe the cell parts before you introduce vocabulary 

words such as nucleus, cell membrane, and chromo-

somes. Then show students Overhead 4.1, which shows 

drawings of generic plant and animal cells with cell 

membrane, cell wall, nucleus, and chromosomes. Instruct 

the students to label the cell parts in each of their draw-

ings on Student Sheets 4.1b and 4.3.

As students describe the cells, encourage them to make 

analogies to objects in the macroscopic world. Ask:

For example, the sheet of onion cells may remind them 

of a brick wall. When you’re far away from the brick 

building, you don’t notice each individual brick, just as 

you don’t see each cell when you look at a sheet of onion 

cells with the unaided eye. But when you get closer to 

the wall, you can see individual bricks, just as you see 

individual cells when you look at the onion skin through 

the microscope.

Point out that there are many structures inside the cells 

that can only be seen with certain stains or with special 

microscopes. Ask students:

The nucleus contains an organism’s genetic material in 

structures called chromosomes. When students stained 

onion skin with iodine, they did not observe any chro-

mosomes within the nuclei. This is because chromosomes 

are usually long and stringy and cannot be seen under 

a microscope. But just before cells are ready to divide, 

the chromosomes become tightly condensed, and these 

condensed chromosomes can be stained with special 

dyes, as in the prepared onion root tip slides. Students 

were able to observe chromosomes firsthand by viewing 

the prepared slides of dividing onion root tip cells.

In this activity students examined one type of plant cell 

and one type of animal cell. There are many different 

types of cells in plants and animals. These vary greatly 

in size, shape, and specialized function. Based on their 

observations of onion and cheek cells, students may 

conclude that plant cells are bigger than animal cells. 

Point out that they have looked at only one type of 

animal and plant cell and that they would have to look at 

many more types before they could make that conclusion. 

Students can read about different types of human cells in 

the interest link that follows Activity 5, Specialized Cells.



As students are working on the activity and using their microscopes, circulate around the room and ask yourself 

these questions to assess student learning. You may wish to prompt students with questions in order to aid your 

assessment of their learning.

Are students using the microscopes correctly as 
described in the directions?

Are students following the procedures for making 
wet mounts and staining cells?

Are students actively involved in observing their 
specimens, describing characteristic shapes and 
sizes, noticing internal structures, and using 
accurate descriptive words and analogies to discuss 
what they see?

Are the students making accurate and detailed 
drawings of their specimens, representing them in 
correct proportion relative to the field of view and 
other items in the field, and including all structures 
they observe?

Are the students noticing similarities and differences 
between different cell types?

Do the students grasp the concept of estimating size 
in relation to the field of view or another object in 
the field, and do they make reasonable estimates?



STUDENT SHEET 4.1a. NAME

1. To prepare a wet mount of onion cells, take a small chunk of onion and peel off a layer of the paper-like skin 
between the onion’s fleshy layers.

2. Lay the onion skin on the center of the slide. Try to avoid wrinkles. The piece of onion skin should be smaller than 
the cover slip.

3. Using an eye dropper or pipet, put 1–2 drops of 1/10 X iodine solution on top of the onion skin.

4. Place a cover slip on top of the onion skin by holding it at an angle over the specimen and gently laying it flat, as 
shown below. Try not to trap bubbles underneath the cover slip.

5. Observe onion cells in the microscope and draw and describe what you see on Student Sheet 4.1b.

6. Determine the length of an onion cell by comparing it to the diameter of the field of view, as you 
did in Activity 3. Record on Student Sheet 4.1b and also on the large data table on Student Sheet 3.3 
from Activity 3.

Remember: Cell Length = Field of View Diameter ÷ number  of cells stretching across the field

COVER SLIP

ONION SKIN

SLIDE

How wide is a human hair? How does a hair’s width compare to the size of an onion cell?  

Try measuring the width of a strand of your hair by comparing it to an onion cell.

1. Place a strand of your hair on the same slide as the onion cells, under the cover slip.

2. Observe the hair in the microscope and draw and describe what you see on Student Sheet 4.1b.

3. Estimate how wide the hair is compared to the length of a nearby onion cell, which you have already 
determined. Record the hair width below and on Student Sheets 4.1b and 3.3.

For example, if the width of your hair is half the length of an onion cell, then you would write  

down one half the length of the onion cell in the space below.

The width of my hair is:   m



Now observe animal cells. Observe your own cells by scraping a few cheek cells  

from the inside of your mouth.

1. Place a drop of 0.05% methylene blue solution on the slide.

2. Scrape the inside of your mouth gently with a toothpick.

3. Swirl the toothpick in the drop of liquid.

4. Cover with a cover slip, wait 5 minutes for the stain to enter the cells,  
and examine in the microscope.

CAUTION: Because you are looking at human tissue, place all toothpicks, slides, and 

cover slips used with cheek cells in disinfectant after use. Only prepare slides with your 

own cells. Wash your hands when you finish working with the cheek cells.

5. Draw and describe the cells on Student Sheet 4.1b. In your description,  
compare what you see to onion cells.

6. Determine the length of the cheek cells by comparing them to the diameter of the  
field of view, just as you did for the onion cells and in Activity 3.

NOTE: Some microscopes may not allow the cheek cells to be measured. In this case, 

your teacher will tell you a different method to measure the cells.

7. Record cell size on Student Sheet 4.1b as well as in the large data table from  
Activity 3 on Student Sheet 3.3.

Remember: Cell Length = Field of View Diameter ÷ number of cells stretching across the field



STUDENT SHEET 4.1b. NAME

To calculate size: Cell Length = Field of View Diameter ÷ number of cells stretching across the field

Onion skin stained 

with iodine

Length

Human hair Width

Cheek cells stained 

with methylene blue

Length



STUDENT SHEET 4.2. NAME

Cheek cell

Note: Use this sheet only if you cannot measure the length of a cheek cell using the field of 

view technique.

Now that you have measured the extremely small width of a human hair, you can measure the size of 

items that were too small to measure using the field of view technique, such as a human cheek cell. To do 

this, compare the size of the cheek cell to something you have already measured, a human hair.

You could also use this technique to measure other microscopic objects that are too small to measure 

using the field of view technique, such as bacteria.

1. Place a human hair next to human cheek cells on a microscope slide and cover with cover slip. Because 
hair width varies greatly from person to person, make sure to use hair from the same person whose 
hair you measured earlier (on Student Sheet 4.1).

2. Look in the microscope and find a field that shows the human hair and at least one cheek cell. Estimate 
how many cells it would take to stretch end to end across the width of the hair.

3. Fill out the table below and calculate the length of a human cheek cell by comparing it to the width of 
a human hair, which you have already measured.

4. Record the length of a cheek cell on Student Sheets 4.1b and 3.3.



STUDENT SHEET 4.3. NAME

Prepared slides of onion root tip. The onion cells on these slides have been treated with a dye that  

stains structures inside of the cell. Root tips contain cells that are growing and dividing.

1. Examine the root tip slides in the microscope.

2. Draw and describe what you observe in the chart below.

3. What do you see in this slide that you didn’t see in the iodine stained onion cells?

Onion skin stained with iodine



OVERHEAD MASTER 4.1

CELL WALL

NUCLEUS

CHROMOSOMES

CELL MEMBRANE

NUCLEUS

CHROMOSOMES



Cell biologists are scientists who study cells. They can do 

many different types of jobs and work in lots of differ-

ent types of places. Some cell biologists study the cells 

of large organisms such as humans. They may work in 

laboratories and hospitals and specialize in researching 

how cells perform essential life functions such as eating, 

growing, and breathing. For example, understanding 

how cells grow and divide can help scientists learn 

more about cancer, a disease that occurs when cells 

divide uncontrollably.

Microbiologists are a type of cell biologist. They study 

cells too, but they focus on microbes—very small organ-

isms such as bacteria, viruses, and fungi that can be seen 

only with a microscope. They study harmful microbes and 

also develop ways to use microbes to help us in medicine, 

agriculture, industry, and the environment. Food safety 

inspectors are microbiologists who work to keep our 

food supply safe by making sure it is free of harmful 

microbes. For example, they may inspect restaurants to 

make sure meat is cooked at temperatures high enough 

to kill bacteria. Scientists working in the field of biore-

mediation may use bacteria to remove or break down 

polluting chemicals, such as oil. Agricultural scientists may 

study molds, a type of fungi, that grow on vegetables 

and cause them to rot before they are ripe. Or they may 

study how to spray plants with microbes that can kill 

leaf-damaging insects. 

Forensic scientists examine physical evidence that can be 

used to solve crimes. They may have training in chemistry, 

biology, and microscopy. Forensic scientists examine 

the evidence and determine whether or not it can be 

linked to the suspect. In this way, they can help to prove 

the suspect’s innocence or guilt. For example, hairs and 

clothing fibers found at the crime scene can be examined 

microscopically to try to match them to a suspect. Paint 

left from a hit and run accident can be traced to the 

exact make, model, and year of the car. Even animal hairs 

have been used to help solve crimes (see sidebar).

The Case of Snowball the Cat 
SYRACUSE UNIVERSITY MAGAZINE

Careers in the Microbiological Sciences 

AMERICAN SOCIETY FOR MICROBIOLOGY



In 1994, a cat named Snowball helped to solve the murder of 

a 32 year old mother of five on Prince Edward Island, Canada. 

The victim’s body was found in a shallow grave a few months 

after she disappeared. The Royal Canadian Mounted Police 

suspected her former husband had murdered her, but they did 

not have any evidence against him. A leather jacket found near 

the body contained two important pieces of evidence—blood 

stains and several white hairs that looked like animal hairs. 

Forensic scientists determined the blood came from the victim. 

The Mounties remembered that the suspect’s parents, with 

whom he was living, had a white cat named Snowball. A lab 

that specialized in cat DNA was contacted and asked to analyze 

the white hairs. By comparing DNA from the hairs on the 

jacket to Snowball’s DNA, the lab showed that the white hairs 

belonged to Snowball. This evidence helped to convict the 

suspect of the murder, and this case opened the door to the 

use of animal DNA in many later cases.



One 50 minute session.

Scientists build models to help them understand 
how something works, what it looks like, or how its 
parts interact.

Cells have several parts such as the cell wall or 
membrane, the nucleus, and the chromosomes.

Cells can interact with each other in different ways to 
form tissues. Tissues interact to form organs.

Taking real observations and using them to create 
a model

Working together cooperatively to build s omething



Student Sheet 5.1, Making Models of Cells,  
Tissues, and Organs

Large resealable plastic bag

Small resealable plastic bag  
(MUST FIT INTO LARGE PLASTIC BAG)

12 feet of yarn

Tape

Green onion

1. Photocopy Student Sheet 5.1.

2. Cut yarn into 12 foot sections.

3. Gather materials (Resealable bags, yarn, tape).

 Note: A good combination of large and small 
bags is gallon and quart-sized bags. You can also 
use sandwich bags (about 6 inches x 5 inches) in 
combination with 3.5 inch x 3 inch bags, which are 
available at specialty stores.



Cells are the basic building blocks of all living organ-

isms. Complex organisms like plants and animals are 

composed of many types of cells, each with a differ-

ent function. But all cells share certain features. As 

students observed in the last activity, plant and animal 

cells have a nucleus, a cell wall or cell membrane, 

and cytoplasm.

In organisms, groups of similar cells combine with each 

other to form tissues. For example, bundles of muscle 

cells stretched out side by side form muscle tissue. The 

onion cells students looked at were also arranged in a 

tissue, onion skin.

In both plants and animals, tissues are organized into 

different body parts or organs. An organ is a structure 

that has a specific function and is made up of several 

different kinds of tissues. Some examples of organs 

that students are familiar with include heart, lung, 

eyes, and kidneys.

In this activity, students use simple materials to model 

what they observed in the microscope when they 

looked at onion and cheek cells. Students will make 

three models. First, each student makes a single cell. 

As a larger group, students assemble their cells into 

a tissue, onion skin. Finally, they make a model of a 

simple plant part, an onion stem, by rolling their onion 

skin model into a tube.

Teachers frequently use models and model building to 

represent objects, demonstrate processes, or to assess 

student knowledge. Models allow students to handle 

or manipulate an object that might otherwise be inac-

cessible, perhaps because it is too small, too large, or 

too remote. It is important to keep in mind that all 

models have limitations. For example, the materials used 

to make a model may have different properties from 

the actual object, or we may not be able to represent 

distances accurately. Students need to be aware of 

these limitations.

Scientists use models in a variety of ways, including rep-

resenting inaccessible objects or abstract concepts. They 

can even use models experimentally to predict a molecu-

lar structure that is consistent with experimental data. An 

excellent example of this is the discovery of the structure 

of DNA by James Watson and Francis Crick in 1953. Their 

monumental paper was based on the three-dimensional 

model of DNA they built. This model took into account 

a wide variety of experimental data gathered by other 

scientists. The strength of their model and the reason 

that it was accepted by the scientific community lay in the 

fact that it was consistent with all the existing informa-

tion about DNA, it explained many observations about 

the properties of DNA, and it allowed scientists to make 

testable predictions about DNA. 

BA Education. The people responsible for the discovery of DNA

Chemical Heritage Foundation. Chemical Archives: The Human Face of the Chemical Sciences. 
James Watson, Francis Crick, Maurice Wilkins, and Rosalind Franklin



Students create a cell model to represent what they 

saw when they observed onion skin cells under the 

microscope. Review the features they observed in the 

onion skin and cheek cells, including the cell wall of the 

onion cells, the cell membrane of the cheek cells, and 

the nucleus in both cell types. You will need to tell them 

that the squiggly material inside the nuclei of the onion 

cells is the genetic material for the cell, the chromo-

somes (or DNA).

Provide each student with Student Sheet 5.1, one small and 

one large resealable plastic bag, and a twelve foot length 

of yarn. Instruct them to make a model of a cell with these 

materials, as stated in Student Sheet 5.1. They should be 

able to create a simple cell model by placing the yarn inside 

the small bag and then placing this inside the larger bag, 

as shown in Figure 5.1. The students should draw and label 

their cell model on Student Sheet 5.1 or in their student 

notebook, as instructed in their directions.

FIGURE 5.1. A cell model

FIGURE 5.2. A tissue model

Explain to the students that in organisms, groups of 

similar cells combine with each other to form tissues. 

For example, the layer of onion skin they observed 

under the microscope is a tissue. 

Split the class into two groups. Challenge each team 

to recreate what they saw when they looked at the 

sheet of onion skin, using their cell models and tape. 

The students should figure out that they can use the 

tape to join all their cells together to create one big 

sheet of onion skin, as shown in Figure 5.2.  As speci-

fied on their student sheet, students should draw 

their tissue model in their notebook or on Student 

Sheet 5.1.

+ + =



Explain to your students that different kinds of tissues 

are organized together to form body parts or organs. 

An organ is a body structure with a specialized func-

tion, and it is usually made up of several tissue types. 

Ask students to name some of the organs in their 

bodies and describe their functions. 

FIGURE 5.3. Model of an organ

Show the students a stem of green onion (an onion stem 

is really a leaf!). Challenge the student teams to use their 

layer of onion skin to form an onion stem. They should 

recognize that they can roll their layer of cells into a 

tube to represent the hollow stem. The teams might also 

choose to stack two layers of cells and then roll them 

together, forming a tube with concentric layers. Tell 

students to draw and label their models in their student 

notebooks or on Student Sheet 5.1.

After the students have constructed and drawn their 

three models, ask them to discuss the three questions 

on the bottom of Student Sheet 5.1 with the other 

people in their group and then write their answers on 

the student sheet or in their notebook. Then discuss 

these questions as a class.

As homework or an in class assignment, ask students 

to write a paragraph that describes how a brick is 

similar to an onion cell. Tell them to discuss how 

bricks are used to make structures that are analogous 

to tissues and organs.



As the students carry out this activity, watch for the following to assess their progress and understanding.

Do students use the materials provided to build a 
cell model that is similar to the onion skin cells they 
observed, using the large resealable bag for the cell 
wall, the smaller bag for the nucleus, and the yarn 
for the DNA?

Do students use their cell models to show how cells 
can be joined to form a tissue, and tissues formed 
into structures or organs?

Do students understand the meaning of cells, tissues, 
and organs, and do they recognize that they have 
organs in their own bodies?

Do students recognize the usefulness, as well as the 
shortcomings, of building models? 



STUDENT SHEET 5.1. NAME

Making a Cell Model

Use one large and one small plastic bag and 12 feet of yarn to create a model of an onion 

cell. Draw your cell model in the space below or in your notebook, and label its parts.

Making a Tissue Model

Inside the bodies of living organisms, groups of similar cells combine with each other to form 

tissues. For example, muscle tissue is made up of bundles of muscle cells arranged side by 

side. The onion cells you looked at were also arranged in a tissue.

Your teacher will divide your class into two groups. Using tape, work with your group  

to combine all of your cell models to make a tissue like the onion skin you looked at.  

Draw and label your model of onion skin in the space below or your notebook.



Making a Model of an Organ

An organ is a body structure with a specialized function, and it is usually made up of several 

tissue types. The stem of a green onion is a simple plant part that is made of plant tissue 

organized in a certain way.

Use your model layer of onion skin cells and the tape to show how onion skin can be formed 

into a green onion stem. Draw and label your onion stem model in your notebook.

Discussion Questions

Discuss the following questions with the students in your group.  

Write your answers in the space below or in your notebook.

In what ways are the three models you built similar to the things they represent? 

In what ways are each of your models different from the real thing?

How can models help us understand how something works? What are some  

disadvantages of models?



The human body is made up trillions of cells. Cells 

make up your skin, muscles, and internal organs. Even 

your bones contain cells. Cells need the same things to 

stay alive that living organisms do, like oxygen, food, 

water, and a way to get rid of waste. But not all cells 

in our bodies are alike. We have hundreds of different 

types of cells that are specialized to carry out the 

many functions of a living organism. For example, 

the muscle cells that make up the walls of your heart 

cause its rhythmic beating. The cells in your pancreas 

produce a hormone called insulin that helps you 

control the levels of sugar in your blood. Neurons 

(nerve cells) communicate information between your 

brain and all parts of your body.

Muscle cells not only make up all the muscles in your 

body, like the biceps in your arms, but are an impor-

tant part of many organs too. The walls of your heart 

are made up of long muscle cells, arranged side by 

side (top panel of figure). These muscle cells contract 

(grow shorter) and expand (grow longer) in unison 

to cause your heart to beat rhythmically. This pumps 

blood throughout your body. The heart contains 

other types of cells too. Without muscle cells, your 

heart would be unable to beat.

Glands are organs that help regulate many of your 

body’s functions, like growing, maturing, and using 

food. The specialized cells of glands make chemical 

messengers called hormones that they release into 

the blood. The hormones travel in the bloodstream 

throughout the body, finding the places where they 

perform their jobs. One gland, the pancreas, is about 

the size of your fist and is located right behind your 

stomach. Beta cells in the pancreas produce the 

hormone insulin (middle panel of figure). Insulin helps 

control your blood sugar levels. If your blood sugar 

levels are too high or low, you can become sick. Dia-

betes is a disease that occurs when your body either 

doesn’t make enough insulin or doesn’t respond to 

it correctly. People with diabetes can control their 

blood sugar levels by controlling what foods they eat, 

exercising, and in some cases by taking insulin shots 

several times a day.

Neurons are the cells of your nervous system, which 

includes your brain, your spinal cord, and the many nerve 

cells throughout your body (bottom panel of figure). 

Neurons communicate with each other and with muscle 

and gland cells by sending and receiving both chemical 

and electrical signals. In this way, neurons can carry 

information from all parts of your body to your brain 

and back again in nanoseconds (1/1,000,000,000 second). 

For example, if you touch a hot stove, the nerves in your 

finger send a message to your brain that says “hot” 

and “ow!” The neurons in your brain immediately send 

a message back to the muscles in your arm and finger 

saying “take your hand off of the stove NOW!” Neurons 

come in many different shapes and sizes. As you can see 

in the picture, neurons are unusual looking. They have 

a cell body with branching dendrites and an axon. The 

cell body can be up to 100 micrometers wide (about 1/10 

the width of a poppy seed) or as small as 4 micrometers. 

The really amazing thing about neurons is that they can 

be over a meter long—some neurons stretch all the way 

from the tip of your big toe to your brain!

We’ve looked at only three of your different cell types—

muscle, gland, and neuron—but there are many, many 

more. All of your different cell types work together to 

make a living, breathing, functioning human—you.

Kids Online 
Juvenile Diabetes Research Foundation

Neuroscience for Kids 
University of Washington



FIGURE 1. Top panel, heart muscle cells. Scale bar = 30 μm.  
Middle panel, pancreas beta cells. Scale bar = 10 μm. Bottom 
panel, nerve cell. Scale bar = 10 μm.

Nerve Cell

Pancreas Beta Cells

10μm

Heart Muscle Cell

30μm

10μmup to 5m long



One 50 minute session.

Cells are very small.

Scaled or proportional drawings show 
the relative sizes of objects.

Calculating how large microscopic objects 
would be if scaled up 100 fold

Drawing objects to scale



Scaling Up Microscopic Objects

Scaling Up Microscopic Objects



Sizing Up Cells

-

E X AMPLE

9

-



FIGURE 6.1. Sample Drawing of Scaled Up Microscopic Objects





To convert actual size from μm to mm, divide by 1000.

To scale up actual size in mm to 100X size in mm, multiply by 100.

To convert 100X size in mm to 100X size in cm, divide by 10.

STUDENT SHEET 6.1. NAME

at least

E X AMPLE



OVERHEAD MASTER 6.1

How big will a microscopic object be if it is scaled it up 100 fold?

EX AMPLE

To convert actual size from μm to mm, divide by 1000.

To scale up actual size in mm to 100X size in mm, multiple by 100.

To convert 100X size in mm to 100X size in cm, divide by 10.





-

-

FIGURE 1. Emma Noyes examines bacteria at the 
University of Washington.

FIGURE 2. Labrys methylaminiphilus, as seen with a scanning 
electron microscope. The bumpy surface of the cells may be 
caused by the imaging technique. Image courtesy of Dr. Jimmie C. 
Lara. This work is funded by the National Science Foundation as 
part of the Microbial Observatories program.



Labrys methylaminiphilus

methylaminiphilus

-

-



What is Diffusion? takes about 15 minutes to complete. Is Bigger Better? takes students approximately 
15 minutes to set up, and is followed by a 2–3 hour observation period and a 15 minute discussion. Paper Bag 
Cells can be completed in 15–20 minutes, and the extension, Comparing Cubic Cells, requires about 50 minutes.

from an area of high concentration to an area of 
lower concentration, resulting in even distribution of 
the material.

diffusion, moving nutrients in and wastes out.

exchange of materials between the inside and the 
outside of the cell. 

materials efficiently.

Developing and justifying an experimental 
hypothesis

Observing and recording experimental results

Using experimental results from a model system 
to expand understanding of the biological system

Estimating relative volumes and surface areas  
of cubes

Calculating volumes and surface areas of cubes 
(EXTENSION ACTIVITY)

Converting a list of characteristics to a definition.

Writing persuasively to justify why an object is 
living or non-living.





 What is Diffusion?

 Is Bigger Better?

Comparing Cubic Cells

 

 

Large Cube Template

Small Cube Template

Paper Bag Cells 
PREPARING PAPER BAGS FOR PAPER BAG CELLS.





Follow the directions below to make each of the 5 bags into a rectangular box.

SMALL BAGS: Cut each small bag across the top,  
10 inches from the bottom.

LARGE BAG: Cut the large bag across the top,  
11 7/8 inches from the bottom.

SMALL BAGS: Make a 1 5/8 inch cut on each of the four corners of 
the bag from the top of the bag toward the bottom.

LARGE BAG: Make a 3 1/2 inch cut on each of the four corners 
of the bag from the top of the bag toward the bottom.

SMALL AND LARGE BAGS: 1. Cut off the side flaps. 2. Fold top and  
bottom flaps toward each other and tape together in the middle. 



 Living and Non-living

Caenorhabditis elegans

-

-



-

-

-

 Living and Non-living.

-



-

 

Preparing Bags for Paper Bag Cells

There are Exceptions 

to Every Rule.



Surface area of cube: 

Volume of cube:

Tell the students to discuss these questions in their groups and then as a class:

The smaller the cube, the faster the baking soda can 

reach the cube center because the ratio of surface area 

to volume increases as the size of the cube decreases. 

The same is true for cells. A small cell would be able to 

exchange materials faster than a large cell because the 

ratio of its surface area to volume is greater than the 

ratio for the large cell.

The surface area is important for determining how  

much food can pass into a cell.

The volume tells us how much space inside the cell 

needs to get food.

When cubes get larger, the ratio of surface area to 

volume gets smaller.



-

-

 Students will give a variety of answers, such as: most 

cells are very small (microscopic), cells are surrounded 

by a cell wall or cell membrane, cells have a nucleus, 

cells contain DNA, cells come in many different shapes 

and sizes.

 Students should recognize that cells require food and 

water and need to get rid of waste. Based on their 

observation of chromosomes inside the prepared slides 

of mitotic cells, they may realize that cells reproduce. 

They should also realize that cells die. At this point, 

students do not have the background to make the 

connection between breathing to exchange gases 

(oxygen into the organism and carbon dioxide out 

of the organism) and cellular respiration, which is 

what happens to oxygen at the level of the cell. You 

may want to tell students that cells in multicellular 

organisms and many free living cells use oxygen and 

give off carbon dioxide.

 Cells are called the building blocks of life because  

all living organisms are made up of cells, and the 

smallest organisms consist of single cells.





STUDENT SHEET 7.1. NAME

Forming a hypothesis:

Procedure:

Results:

Questions: 



STUDENT SHEET 7.2. NAME

SAFETY TIP: Do not eat the gelatin or put it near your mouth or eyes. Although there are no known health hazards for 

this color indicator, it is good lab practice to keep all chemicals away from your mouth and eyes and to wash your hands 

after touching.

Forming a hypothesis:

Procedure: 

Questions: 



STUDENT SHEET 7.3a NAME

Procedure:

Cube Calculations:

Surface area of cube

Volume of cube

Discussion Questions: 



STUDENT SHEET 7.3b



STUDENT SHEET 7.3c



Part 1. Meet the Giant Cells

Epulopiscium fishelsoni

E. fishelsoni

Thiomargarita 
namibiensis

T. namibiensis

T. namibiensis

nerve cells of the 
giraffe

ostrich egg yolk
up to 5m long

1mm

1mm

10μm

Thiomargarita namibiensis

Nerve cell

Epulopiscium fishelsoni



Part 2. How do they do it?

. E. fishelsoni

T. namibiensis

Sac containing nitrates

Cell Membrane

Thiomargarita namibiensis

Epulopiscium fishelsoni

500μm

300μm
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