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 �The Cell�

Subject:
• Integrated Science 

Level:
• Grades 9 - 12

Abstract:
• The basis for all living things is the cell.  The cell separates the world into

two parts, the inside of the cell and the outside of the cell. In fact,
everything in the universe has an inside and an outside (except the
universe itself).

  
• Living organisms have evolved an integrated system to meet the needs of

each member as a living unit.  Cells have evolved from organisms that
are complete as a singe cell (prokaryotes) into complex, multicellular life
forms (for example, whales or human beings).  Simple cells have become
more organized and have evolved into specialized cells that form tissues
that perform specific tasks (muscle) in to organs in an organism that
accomplish critical life sustaining tasks (heart) in to systems of
interdependent organs (circulatory system) that work in harmony to
perform very complex functions.  This system of order all comes down to
depend on the tireless, mostly flawless workings of individual cells. 

• In this unit, students will discover the parts of the cell and how these
parts interact so that the cell may function continuously. What is critical
for the cell to survive?  The cell must get energy, maintain order, repair
itself, and replace any pieces that are not usable. The cell must know
what it needs to build, have a plan to build it, and have an efficient,
reliable system to build what it needs when it needs it.  The cell must
have a way to get rid of any waste materials that it generates.  The cell
must be able to control what comes into the cell and what leaves the cell.
The cell must know how, and more importantly, when, to reproduce itself.
The cell must be able to know how to do these tasks without any actual
prior experience.

• Students will discover the differences between a plant cell and an animal
cell and how each type of cell meets the requirements of that cell with
their different parts.  A team of two students will be assigned a specific
cell part (organelle) and they will research information about that
organelle.  The team will present their research to the class by creating a
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PowerPoint presentation on their organelle and showing it to the entire
class. The teacher will evaluate each team�s presentation using a rubric.
The teacher will fill in any information that the student teams may have
omitted in their presentations.

• Often students are required to memorize the parts of the cell and their
functions.  Later, as students are required to apply this information to
some other concept in the life sciences, the students are not able to recall
the necessary information.  In this unit of study the students become a
part of the cell and perform the function of that cell part without using
any spoken communication.  The students must remember what function
the cell part performs, how it performs this function, what other cell parts
it interacts with to perform this function, and how it gets the end product
from its construction site to the place that product is needed, whether it
is within or outside of the cell.  By using a hands-on kinesthetic approach,
the student will retain the knowledge of the structures within all cells and
the function these structures perform for the cell.

• The students will then take the information they have learned from their
peers� PowerPoint presentations and from their nonverbal class
performance of the workings of the cell and the students will write a
paper using Microsoft Word comparing the cell parts and their functions to
one of a number of analogous situations.  These comparisons might be
made with the workings of a city or country, with the workings of a
computer, or a refrigerator, or with the running of a medieval city. The
students may generate other situations in which to compare their cell�s
structures and functions.  The teacher will use a rubric to evaluate each
student�s Word report.

• This unit provides a user-friendly way to introduce students to this critical
field of study.  The cell is the basis of almost all work in the life sciences.
When the student understands the basic parts and processes of the cell,
they can continue their exploration of how life works with a deeper level
of understanding.

Invitation:
In the 17th century, many scientists, inspired by Sir Isaac Newton�s work
in the field of Optics, began experimenting with grinding lenses to make
both telescopes and microscopes.  Robert Hooke used his microscope to
look at the bark of cork trees, an important agricultural product that was
used to close (cork) the necks of bottles of wine and port.  When Hooke
looked at cork bark through his microscope, he saw empty, transparent
boxes that reminded him of the cramped rooms in which priests lived in



3

their monasteries.  These rooms were known as priest�s cells.  Hooke
named the structures he saw �cells.�  

In the 19th century, lenses could be ground with much finer accuracy,
which improved the magnification power of the microscopes.  Looking
through their microscopes, scientists discovered that there is a dark
material inside the cells (named a nucleus by Robert Brown), that plants
have cells (M.J. Schleiden) and they have fluid inside them (later named
cytoplasm) and that animals have cells (Theodore Schwann) that also
contain a nucleus.  Scientists began to understand that all living
organisms had cells.  From these discoveries, scientists were able to state
a simple hypothesis, �All cells come from cells� (Rudolf Virchow).
Fortunately or unfortunately, the question of where did the first cell come
from immediately comes to mind.  (We will see in later studies on the
Origin of Life that cell membranes can form spontaneously).  That leaves
us with the next question, �Where did all the parts of the cell come
from?� Some of the answers to these questions have earned scientists
[Lynn Margulis] the Nobel Prize.

If all life is made up of cells, then what are cells made of and how do they
work? This question will be the focus of our work for the next two weeks.
Hooke and his fellow scientists were unable to study these questions,
because their lenses and microscopes did not have the sophistication and
magnification power that our best microscopes have today.  In this unit,
you will begin by looking at plant and animal cells through our school�s
compound microscopes.  Then we will turn to the teacher, our text, our
fellow students and the resources of the World Wide Web to learn about
the cell parts we cannot see with our school microscopes.

After a brief introduction to the parts of the cell, each of you will prepare
a PowerPoint presentation to the class on a specific cell part or organelle,
telling the class what the structure is, what it is made up of, where it is in
the cell, what its function is in the cell, and what other organelles it works
with.  After you all have presented the parts of the cell to the class, each
of you will be randomly assigned the part of a cell organelle and the class
will act out the workings of the cell � without using any words.  Hey, its
only fair, the cell doesn�t get to use any words to carry out its duties.

Finally, each of you will write a paper on the cell, describing the
organelles and their functions.  You will make analogies of the organelles
and their functions to other known systems, such as a city, country,
computer, and refrigerator.  
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Situations:
• Where: This unit will occur in an Integrated Science class, a Biology

class, or a Life Science class.

• When: This unit will take place in the classroom, the laboratory, at home,
and in the library.

• How Long: This unit will take nine days to complete.  The teacher may
take more time if s/he decides to add more information such as osmosis,
diffusion, transcription, or translation to this unit.  The teacher may also
choose to spend on extra day reviewing the material with the students or
giving the students a quiz.

Tasks:
• Task 1: 
 The teacher begins the lesson by telling the students about the history of

the discovery of the cell.  Students will then look at cells today through a
microscope and also make observations.  These observations will be
discussed in the next class meeting.  

• Task 2: 
Students should use the Plant and Animal Cell Observation Lab
worksheet.  In this activity, students observe plant cells from a leaf of the
freshwater plant Elodea.  The students look at the leaf in fresh water and
then introduce a saltwater solution to the leaf.  Students should note that
the cell shrinks and that the structures in the cell are all pushed together.
After adding fresh water, the cell returns to its original form.  The
students also scrape cheek cells from their mouths and look at them.
These cells represent animal cells.  The students stain the cells lightly.
By staining the cells, the students can see the cell membrane and the
nucleus of the cell.  Students record drawings of the cells and their
observations to share in the next class meeting.

Task 3:
The next class begins with a discussion of what the students observed
and their explanations for what they saw when they added salt water to
the Elodea leaf and when they stained their cheek cells.  The teacher can
direct this class discussion by asking if students saw everything that was
in the cell.  How did the animal and plant cell differ? 

Teacher�s note: it will greatly enhance student comprehension if the
teacher can have some images for the students to refer to in today�s class
discussion.  The teacher could have three microscope slides ready from
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yesterday�s lab (Elodea in fresh water; Elodea in salt water; cheek cell
with stain).  The teacher could show these slides by using a microscope
with a camera on the eyepiece that is connected to a computer or TV
monitor.  The teacher could also use prepared slides purchased from a
scientific supply company.  Another option is to have images from a web
site (see listings under Web Resources) displayed on the computer or TV
monitor.  The teacher could also use images from a web site to show
each organelle as it is discussed in class.  The teacher can also use a text
to refer to during the class lecture.

The class will learn that all cells have a cell membrane and that plant cells
also have a cell wall, which provides support to the plant and helps the
plant cells not to burst when they fill with water.  The class will also learn
that one function of the cell membrane is to control the flow of materials
into and out of the cell.  However, certain materials can flow through the
membrane beyond the control of the cell.  Salt water outside the plant
cell caused the freshwater to flow out of the cell, resulting in the cell
shrinking and the structures in the cell to appear to be pushed together.
The addition of fresh water reversed this flow and the cells filled again
with fresh water.  Students should come away from the discussion with
the understanding that cell membranes can control the movement of
large molecules through the membrane via protein channels but cannot
control the movement of some small molecules through the cell
membrane�s phospholipid bilayer.  The students should also identify that
some cell organelles are not easily visible under the white light of the
microscope.  Scientists use stains to be able to see these organelles.
Students should also understand that plant cells contain chloroplasts and
animal cells do not contain chloroplasts.

• Task 4:
The teacher identifies the organelles of the cell and discusses their
functions.  This lecture introduces the class to all the organelles and is the
basis on which they will begin their research on a specific organelle.  This
introduction will take the remainder of this class and will probably
continue into the first part of the next class period. A list of structures
and functions is included in the attachments (Organelles: Structures and
Functions).  
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• Task 5:
The teacher finishes the introduction to the cell organelles.  Students can
ask any questions they have about the material.  Then the teacher asks
the students to form teams of two for researching and preparing a
Microsoft PowerPoint presentation on an organelle that the teacher
assigns the team.  There are 15 different organelles to research.  The
teacher can either assign each group an organelle or have each team pick
a piece of paper that has the organelle written on the paper. The teacher
notes which organelles each team is assigned.

• Task 6:
Each team uses the remainder of the class period to research the
information on their organelle.  The student teams will have one
additional class period to finish their research and to construct their
PowerPoint presentations for the next class meeting.  The teacher will
provide each team with the Guidelines for Microsoft Power Point
Presentation on Organelle Guidelines and will be available to answer any
questions and check on student progress.

• Task 7:
The students present their PowerPoint slideshows to the class.  The
teacher evaluates each presentation by using the Microsoft PowerPoint
Presentations on Organelles.  Students should take notes on each
presentation and ask the teams any questions that they have when the
presentations are complete.  The teacher should note any additional
information that should have been included, but was omitted. The teacher
can include this information during the question and answer period at the
end of the presentation. 

• Task 8:
When the student presentations are finished, the teacher asks the
students to write a paragraph, outline, or concept map explaining how
the cell works.  Students should be able to tell how a protein is made,
how waste products are moved out of a cell, how plants capture energy,
where the cell produces energy from food, how food is digested, and how
materials come into the cell and go out of the cell.  Students should be
able to identify what organelles are found only in plants or animals and
what function does each organelle perform.  The teacher should circulate
around the room, offering help where requested and checking for student
progress and understanding.  When it appears the students have written
as much as they can, the teacher should read a few of the explanations,
praising them when they are accurate and correcting any mistakes that
are made. Students will work on these paragraphs for homework that
night.
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• Task 9:
At the beginning of the next class, the teacher assigns students different
roles as organelles in the cell or molecules needed by the cell.  The
teacher then explains to the students that they will be given a specific
task performed by cells, and will be given a short time to act out the cell�s
completion of the task.  Each organelle will have paper and a pencil to
give simple instructions to the correct organelle that will assist in
completing the task.  (Written instructions are the equivalent of chemical
messages that the cell sends and receives from other organelles and from
the environment in and around the cell.)  The students must direct the
correct organelles to perform the task in a limited period of time.  No
talking is allowed.  The teacher starts with a simple request for food to be
brought from outside the cell to the mitochondria.  As the students have
success on the beginner level, the teacher elevates the level of play to
the intermediate level and ends with play at the Master Level (see Roles
and Instructions for Cell Role Play).  The teacher keeps track of how long
it takes until the cell dies (cellular death occurs when the cell cannot
perform the functions within the allotted time given).

• Task 10:
The class plays the game as both animal and plant cells.  The students
need to change roles as different organelles during the game so all
students are exposed to their roles as different organelles. The students
will play the game for the remainder of this class.  Students are told to
work on their paragraphs explaining how cells work. 

• Task 11:
The following day, the students play the game on the Master level.
Students could be challenged to see how many tasks they can perform in
a specific amount of time.  As this activity ends, the teacher talks about
how many chemical reactions (thousands) happen in a cell every minute
of every day.

• Task 12:
The teacher now asks the class to think about other systems that work in
a similar fashion as the cell.  The teacher writes all ideas on the board,
asking the student for one example of how their suggested system is like
the workings of a cell.  The teacher then talks to the class about analogy.
Scientists can get insight to how something works by comparing it to
other known systems.  The teacher asks the students to compare the
workings of the cell to an analogous system.  Students might compare
the cell to computers, refrigerators, a city, a country, or a medieval city-
state.  Students can come up with and use other analogies.  Students are
asked to spend the remainder of class comparing the workings of the cell
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with the workings or their analogous system.  Then the students need to
take their drafts of how cells work and include their comparisons to an
analogous system.  The students need to put these ideas into a Microsoft
Word paper explaining how cells work and comparing how the cell�s
system of operations matches the analogous system. The papers are due
in two days. The students are provided with the Guidelines for Microsoft
Word Report that explains what is required for this paper.  The teacher
has a rubric to evaluate the student papers.

• Task 13:
The teacher can take this day to have the students work on their papers,
review the class work, or to introduce new material for the next lesson.
There are a number of areas to go to next.  The cell cycle, protein
synthesis, DNA and RNA, or levels of organization are all possible follow
up units.  The teacher could also have students present their analogies to
the class.

Interactions:
• Full Class: Student teams will present Microsoft PowerPoint

presentations to the entire class on a cell organelle�s structure and
function.  Students will take notes on the presentations as well as on a
lecture by the teacher introducing the cell�s organelles. The entire class
will participate in an activity that replicates the workings of a cell.

• Partners: Students will work in teams of two to construct a Microsoft
PowerPoint presentation about a specific organelle of the cell.  

• Small Group: Students are encouraged to have other students read their
Microsoft Word reports for clarity, accuracy, and for grammar and spelling
errors.

• Individual: Individual students will prepare slides of plant and animal
cells for observation with a microscope.  Drawings and observations will
be noted in the student�s laboratory notebooks.  Students will also
prepare a Microsoft Word report identifying each cell organelle and its
function, and making an analogy of the organelle to some other system of
operations.
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Standards:
• Content Area 1: Biology/Life Sciences

• Students know that cells are enclosed within semipermeable
membranes that regulate their interaction with their surroundings.

• Students know the role of the endoplasmic reticulum and Golgi
apparatus in the secretion of proteins.

• Students know usable energy is captured from sunlight by chloroplasts
and is stored through the synthesis of sugar from carbon dioxide.

• Students know how eukaryotic cells are given shape and internal
organization by a cytoskeleton or cell wall or both.

• Content Area 2: Investigation and Experimentation
• Formulate explanations by using logic and evidence.

Assessment:
• Assessment 1: Plant and Animal Cell Observation Lab worksheet.

Teacher checks student lab notebooks for observations and drawings of
plant cells in fresh water, plant cells in salt water, and animal cells with
stain.

• Assessment 2: Guidelines for Microsoft PowerPoint Presentation on
Organelles.  Student teams prepare a PowerPoint presentation on an
assigned organelle that answers specific questions about that organelle.

• Assessment 3: Roles and Instructions for Cell Role Play.  The teacher
has an opportunity to informally assess how well the class as a whole and
individual students have understood the functions of different cell
organelles.

• Assessment 4: Guidelines for Microsoft Word Report: Organelle Analogy.
The teacher uses a rubric to assess the individual student�s understanding
of the different functions of cell organelles and how they can be related to
another analogous system.

• Rubric for Microsoft PowerPoint Presentations on Organelles. 

• Rubric for Microsoft Word Report: Organelle Analogy
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Tools:
• Compound microscope with low and high power settings
• Elodea leaf
• Microscope slide
• Slide cover slip
• Eyedropper
• Distilled water
• Tissue paper
• Saltwater solution (3%) � 25 ml
• Toothpick (flat edge)
• Lugol�s solution (Iodine)
• Computers with Microsoft Office Software

Project Tips and Alternatives:
• Tip#1:

Students may research how cells become specialized and how this
changes the functions of the cell (developmental biology). 

• Tip #2:
Students may research what a stem cell is, where they come from, how
they are being used in research today, and why there is so much
legislative controversy surrounding stem cell research.

• Tip #3:
Students may research how defects in cells can result in medical
conditions such as sickle cell anemia or cystic fibrosis. Students could
research what cell therapies are being developed to treat these diseases.

• Tip #4:
Students could research how anadramous fish are able to prevent
osmosis and diffusion as they swim from salt water into fresh water.
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Attachments:
• "Rubric for Organelle Analogy Report"
• "Rubric for PowerPoint Presentations on Organelles" 
• "Guidelines for Microsoft PowerPoint Presentations on Organelles"
• "Plant and Animal Cell Observation Lab" 
• "Organelles: Structures and Functions"
• "Roles and Instructions for Cell Role Play"
• "Guidelines for Organelle Analogy Reports"
• "Step Sheet: Creating a Document"
• "Step Sheet: Creating a PowerPoint Presentation"
• "Step Sheet: Using a Projection Device"
• "Step Sheet: Gathering and Inserting Electronic Images"

Web Resources � Content:

• The following web resources can enhance student�s participation in this
project.

• http://cyberbio.mit.edu:800/esgbio/cb/org/organelles.html  This site
contains excellent descriptions and pictures of organelles. It also offers
tutorials on cells.

• http://www.cell-biology.co/  This site primarily deals with animal cells and
gives the names and dates of when each organelle was discovered.

• http://cellbio.utmb.edu/cellbio/  This is an excellent site for information
on organelles; it has easily navigable PowerPoint presentations on
organelles and cell biochemistry.

• http://www.cellsalive.com/cells/animalcell.htm  This site has links to
other sites on each cell organelle for animal cells.

• http://www.nbif.org  This site offers tutorials on many subjects in the
field of biotechnology and includes tutorials on protein synthesis and on
how enzymes work.

Web Resources � Word:
• A list of linked web resources for Word can be found on the Word

Resources page.

Assistive Technology:
• Please refer to the Assistive Technology section for information on

methods and devices to help ensure that all students have access to the
curricula in the least restrictive environment.

http://cyberbio.mit.edu:800/esgbio/cb/org/organelles.html
http://www.cell-biology.co/
http://cellbio.utmb.edu/cellbio/
http://www.cellsalive.com/cells/animalcell.htm
http://www.nbif.org/
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