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Strand Map:
Cells As Systems

Project 2061: hcells

Introduction

These interconnected sequences of benchmarks lead to the concept that a
cell can be thought of as a system by itself and as part of a larger system,
the multicellular organism (Benchmarks for Science Literacy, Chapter 5,
Section C: Cells). In grades 3-5, the idea that living things are made of
parts illustrates the component nature of systems. In grades 6-8 the
hierarchy of organism-organs-cells serves as an example of systems and
subsystems. In grades 9-12 the importance of interactions among cells and
between molecules within the cell reinforces the idea of relationships
among parts of a system and between systems.

Benchmarks that directly contribute to the understanding of cells as
systems were included in this strand map. Additional benchmarks that can
contribute to this understanding can be found in Benchmarks for Science
Literacy, Chapter 8, Section F: Health Technology (replacing of body
parts equivalent to the general idea that systems may not work as well if a
part is missing or broken), and in Chapter 6, Section C: Basic Functions
(the brain and the hormones in equivalence to the general notion of
feedback and control).

To simplify the diagram, the 6-8 benchmarks are enclosed in circles.
Dashed arrows coming to or from the circles represent connections to all
benchmarks within that circle.
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Strand Map:
Cells As Systems

9-12 (6C)
Communicat ion between cel ls  is  required to
coordinate their diverse activi t ies. Some cel ls
secrete substances that  spread only to nearby
cel ls.  Others secrete hormones, molecules
that are carr ied in the bloodstream to widely
distr ibuted cel ls that have special receptor
si tes to which they attach. Along nerve cel ls,
electr ical  impulses carry information much
more rapidly than is possible by di f fusion or
blood f low. Some drugs mimic or  b lock the
molecules involved in transmit t ing nerve or
hormone s ignals and therefore d isturb normal
operat ions of  the brain and body.

9-12 (11A)
Understanding how th ings work and
designing solut ions to problems of
almost any kind can be faci l i tated by
systems analysis.  In def ining a system, i t
is important to speci fy i ts boundaries
and subsystems, indicate i ts relat ion to
other systems, and ident i fy what i ts
input and i ts output are expected to be.

9-12 (5C)
Within the cel l  are special ized
parts for the transport of
mater ia ls,  energy capture and
release, protein bui lding, waste
disposal ,  informat ion feedback,
and even movement .  In  addi t ion
to these basic cel lular funct ions
common to al l  cel ls,  most cel ls
in mult icel lular organisms
perform some specia l  funct ions
that others do not.

9-12 (11A)
A system usual ly  has some
propert ies that are
dif ferent from those of i ts
parts,  but  appear because
of the interact ion of those
parts.

3-5 (5C)
Some l iv ing things consist of a
single cell.  Like familiar
organisms,  they need food,
water,  and air ;  a way to dispose
of  waste;  and an envi ronment
they can l ive in.

3-5 (5C)
Microscopes make i t  possible to see
that l iv ing things are made mostly of
cel ls.   Some organisms are made of  a
collection of similar cells that benefit
f rom cooperat ing.   Some organisms'
cel ls vary great ly in appearance and
perform very dif ferent roles in the
organism.

3-5 (11A)
In something that  consists of
many parts,  the parts usual ly
inf luence one another.

3-5 (11A)
Someth ing may not  work  as
well (or at all) if a part of it is
missing,  broken,  worn out ,
mismatched,  or  misconnected.

K-2 (11A)
Most th ings are made of  parts.

K-2 (11A)
When parts are put  together,
they can do th ings that  they
couldn' t  do by themselves.

6-8 (11A)
Any system is  usual ly
connected to  other  systems,
both internal ly and external ly.
Thus a  sys tem may be thought
of  as conta in ing subsystems and
as being a subsystem of a larger
sys tem.

6-8 (11A)
Think ing about  th ings as systems means
looking for how every part relates to others.
The output  f rom one par t  of  a system (which
can include material ,  energy, or information)
can become the input  to other  par ts.  Such
feedback can serve to control  what goes on in
the system as a whole.

6-8 (5C)
Within cel ls,  many of  the
basic funct ions of
organisms--such as
extract ing energy f rom
food and gett ing r id of
waste--are carr ied out.  The
way in which cel ls
function is similar in all
l iv ing organisms.

6-8 (5C)
All  l iv ing things are composed of cel ls,
f rom just  one to many mi l l ions,  whose
detai ls usual ly are visible only through a
microscope.  Di f ferent  body t issues and
organs are made up of  di f ferent k inds of
cells. The cells in similar t issues and
organs in other animals are similar to
those in  human beings but  d i f fer  somewhat
from cel ls found in plants.

6-8 (6C)
Organs and organ systems are
composed of  cel ls  and help to provide
all cells with basic needs.

6-8 (6A)
Like other animals,  human beings
have body systems for  obta in ing and
providing energy, defense,
reproduct ion,  and the coordinat ion of
body funct ions.

9-12 (5C)
Complex in teract ions among
the di f ferent kinds of molecules
in the cel l  cause dist inct cycles
of act iv i t ies, such as growth and
division. Cel l  behavior can also
be af fected by molecules f rom
other parts of  the organism or
even other organisms.


