Life, Earth, and Space Science Assessment Probes

Is It Made of Cells?

Imagine you could examine the objects and materials Jisted below with a powerful mi-
croscope. This powerful microscope will allow you to see evidence of cell structure.

Put an X next to the objects or materials that are made up, or were once made

up, of cells.

_flowers ___apples

__skin ___sand

____proteins —__worms

_ rocks ____bacteria

___milk _ leaf

___bone ___ seeds

__lungs —__water ___paramecium

__ hamburger ___ mqlecules __ blood __chromosomes
___DNA ___sugar __ cell membrane  ___saliva
___calcium - chlorophyll ___mushrooms ____atoms

Explain vour thinking. Describe the “rule” or reason you used to decide whether some-
P ¥ B ¥
thing is or was once made up of cells. '
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Life, Earth, and Space Science Assessment Probes

Is It Made of Cells"

Teacher Notes

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about objects and materi-
als that are made up of cells. The probe is de-
signed to find out how students decide whether
something is or was once made up of cells by
providing a variety of examples, including liv-
ing and once-living things, materials that are
manufactured by cells but are not composed
of cells, parts of a cell, inorganic substances
that did not originate from cells, and building
blocks of all matter.

Related Concept

cells

Explanation

The cell is the fundamental unit of life. Living
or once-living things are made up of one or
more cells as well as materials made by cells

and inorganic materials, such as water, that

are found within cells, ‘The materials and ob-
jects listed in the probe that ate made up of
cells are the following: flowers, skin, bone,
lungs, hamburger, apples, leaf, worms, bac-
teria, seeds, paramecium, blood, and mush-
rooms. All of these materials arose from living
cells and are cellular in origin, although they
may include noncellular materials (e.g., blood
contains plasma as well as blood cells). Some
materials, such as milk and saliva, are made
by cells and are found outside of cells, but are
not cellular in structure, They are products of
cells and do not give rise to new cells. Materi-
als found inside a cell include molecules such
as DNA, sugar, chlorophyll, and proteins as
well as elements like calcium that give bone
tissue its strength. Objects that are organelies,
parts of a cell, include the cell membrane and
chromosomes, The remaining items—rocks,
water, and sand—are not made up of cells but

are made up of matter. Molecules and atomns
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are the basic building blocks of cells as well as
all matter. Cells use, manufacture, or contain/
transform several of the noncellular materials
that are commonly associated with cells, such
as sugars and proteins, but these materials are

not cellular in structure.

Curricular and Instructional
Considerations

Elementary Students

Upper elementary students are just beginning
to Jearn about cells as the basic unit of struc-
ture. Experiences include looking at cells in
tissues of familiar plants and animals as well
as single-celled organisms. Irems on the list
should be limited to those that students are
familiar with. This probe is useful in finding
out if students have beginning ideas that all
living or once-living organisms and parts of
organisms are made of cells. It may be use-
ful to combine this probe with “Is It Living?”
(p. 123)..

Middle School Students

Middle school students expand their develop-
ing knowledge about cells to include materials
made by cells and materials that are inside of
cells. They also recognize that structures such
as tissues and organs are part of a hierarchy that
is traced back to the cell. They may begin de-
veloping additional hicrarchies that include cell
structures as well as molecules found inside of
cells. The challenge with middle school students

is in helping them overcome the idea that living

Uncovetlng Student Ideas In Science
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things do not contain cells but rather that liv-
ing things are cellular. Knowing that anything
living is made up of cells, which would include
most parts of an organism, is a grade-level ex-
pectation in the national standards. In middle
school, students are also developing ideas about
fundamental units of matter such as atoms and
molecules. Often these ideas are taught separate-
ly and students may confuse the two when the
context changes. This probe is useful in probing
beyond the idea that the cell is the basic unit of
living material and finding out if students can
apply this idea to determine if various materials

are or were once cellular.

High School Students

Students’ understanding of cells has expanded
toincludeintracellular structures, biomolecules
within the cell, and materials produced and se-
creted by cells. Tdeas in chemistry and biology
converge so that students begin to understand
that atoms and molecules make up living mat-
ter, including cells, as well as nohliving matter.
"This probe is useful in determining if students
prior to and after biological instruction have
an understanding of what determines whether
materials are made of cells as well as an under-
standing of the hierarchical nature of cellular
composition, including atoms, molecules, and

organelles found within the cell,

Administering the Probe
Limit the items to materials with which students
have had direct experience or those with which

students have some familiarity. Even though




items on the list such as atoms and molecules
are beyond the scope of elementary instruction,
it may be interesting ro find out students’ initial
conceptions as they are words young students
encounter frequently in the media but have
limited conceptions of. Knowing how students
~ formulate ideas early on may provide useful in-
- formation at the middle level 2nd above.

This probe may be used as 2 card sort.
Have students work in pairs or small groups to
discuss and sort the cards into two piles: made
of cells and not made of cells. Listen carefully
to students’ ideas as they discuss their reasons.
The probe “Is It Made of Molecules?” (p. 85)
may be used along with this probe to deter-
mine if middle and high school students con-

fuse the concepts of “cell” and “molecule.”
P

Related Ideas in National
Sclence Education Standards
(NRC 1996)

5-8 Structure and Function in Living

Systems

* Important levels of organization for struc-
ture and function include cells, organs, tis-
sues, organ systems, whole organisms, and
ecosystems.

* All organisms are composed of cells, the
fundamental units of life. Most organisms
are singlecells; other organisms, including
humans, are multicellular,

* Specialized cells perform specialized func-
tions in muiticellular organisms. Groups
of specialized cells cooperate to form a

tissue, such as a muscle. Different tissues
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are in turn grouped together to form larger

functional units, called organs.

5-8 Reproduction and Heredity
*  Hereditary information is contained in genes,
located in the chromosomes of each cell.

9-12 The Cell

*  Cells have particular structures that under-
lie their functions. Every cell is surrounded
by a membrane that separates it from the
outside world, Inside the cell is a concen-
trated mixture of thousands of different
molecules that form a variety of specialized
structures.

¢ Cells store and use information to guide
their functions. The genetic information
stored in DNA is used to direct the synthe-
sis of the thousands of proteins each cell
requires.

* Plant cells contain chloroplasts, the site of
photosynthesis.

* Most of the cells in a human contain two

copies of each of 22 different chromosomes,

Related Ideas in Benchmarks

for Sclence Literacy (AAAS

1993)

3-5 Cells

* Some living things consist of a single cell.

* Microscopes make it possible to see that
living things are mostly made up of cells.
Some organisms are made of a collection
of similar cells that benefit from cooper-

ating.

* Indicates a strong match between the ideas elicited by the probe and a national standard'’s leaming goal.

L)
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6-8 Cells

* Allliving things are composed of cells, from

just one to many millions, whose details
usually are visible only through a micro-
scope. Different body tissues and organs

are made up of different kinds of cells.

9-12 Cells

Every cell is covered by a membrane that
controls what can enter and leave the cell.
Within every cell are specialized parts for
the transport of materials.

‘The work of the cell is carried out by the
many different types of molecules it as-
sembles, mostly proteins.

The genetic information encoded in DNA
molecules provides instructions for assem-

bling protein molecules.

Related Research

Uncovering Student ldeas in Science

Student may have the notion that organisms
“contain” cells as opposed to being “made up
of” cells (Driver et al. 1994). In other words,
students may believe a living organism is like
a “sack” filled with cells rather than being
composed of a collection of cells.

Research conducted by Arnold (1983) in-
dicated that students have difficulty dif-
ferentiating between the concepts of “cell”
and “molecule.” There is a tendency for stu-
dents to over-apply the idea that cells are
smaller components of fving things. Stu-
dents identified any materials encountered
in a biology class (carbohydrates, proteins,
and water) as being made up of smaller

parts called cells. Arnold coined the term

1

molecell to describe this notion of organic
molecules being considered as cells.

Many students think that only certain
parts of the human body and other living
organisms are made up of cells (Driver et
al. 1992).

Dreyfus and Jungwirth (1988, 1989) re-
ported that students confuse orders of
magnitude with levels of organization in
living systems. Responses from several 16-
year-old Israeli students in the study sug-
gest that students think that biomolecules,
such as proteins, are bigger than the size of
a cell and that single-celled organisms con-
tain minjature replicas of organs like intes-
tines and tungs. Even though students had
learned about cells the year before, their
knowledge was superficial. Over a third of
the students had alternative conceptions

about cells.

Suggestions for Instruction and
Assessment

Issues of size and scale should be addressed
when teaching students about cells. Ad-
ditionally, ideas about materials should be
combined with the notion of scale. Stu-
dents need to understand that cells, like
other types of matter, are made up of ma-
terials. These materials contain substances
that are made up of atoms and molecules.
Even though cells are very small and need
to be observed with a microscope, help
students understand that there are even
smaller parts within the cell that are too

small to be seen with a microscope.
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® As students engage in activities that in-
volve observing cells, encourage precision
with the language used to describe cell ob-
servations, Reinforce the idea that single-
celled organisms are cells and that mul-
ticelled organisms are composed of cells,
Students may misinterpret a well-intended
statement that multicellular organisms are
“collections of cells,” believing that these
organisms somehow contain or hold cells
rather than being structurally built out
of cells. With older students the idea that
an organism is structurally made of cells,
rather than a “sack” filled with cells, can
be addressed when students examine the
idea of an organism arising from a single

cell and repeated cell divisions.

* By the end of middle school, cell observa-

tions should be widely varied. Include cells
from a number of different life forms and
their different body parts—plants, ani-
mals, fungi, protists, and monera, Students
will begin to discover that cells, regardless
of what living thing or body part they
come from, look remarkably similar. At
the same time, students will also recognize
that cells have different parts, depending

on the type of organism.

* Explicitly address hierarchical issucs by

having students engage in activitics that fo-
cus them at various levels, then “zoom in”
to a more detailed level and/or “z0om out”
to a larger level so that students can get a

sense of parts-and-wholes relationships.

® Present cell ideas in a number of contexts

to help students understand that cells are
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a type of matter that contains substances,
molecules, and atoms. When students in-
vestigate matter in physical science, include
examples of living materials. Be aware that
when students first learn about atoms, they
may also be learning about parts of a cell at
the same grade level. Students may be con-
fused by a term like #ucless if instruction
does not address the differences between
the nucleus of an atom and the nucleus of

a cell,

Related NSTA Science Store
Publications and NSTA Journal
Articles

American Association for the Advancement of Sci-
ence (AAAS). 2001. Atlas of science literacy. (See
“Cells and Organs,” pp. 74-75.) New York:
Oxford University Press.

Driver, R., A, Squires, P. Rushworth, and V., Wood-
Robinson. 1994, Making sense of secondary sci-
ence: Research into children’ ideas. London and
New York: RoutledgeFalmer.

Kecley, R 2005. Science curriculum topic study:

Bridging the gap between standards and practice.
Thousand Oaks, CA: Corwin Press.
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