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A 17th century scientist, Jan Baptiste Von Helmont put a 5 lb. willow tree 
in 200 lbs of soil and watered it for five years. After five years, Von 
Helmont found that the tree had gained nearly 165 lbs. 

What percentage of the tree’s mass came from minerals in the soil? 
(a) 50%      (b) 10%     (c) 5%     (d) .1%

Where did most of the rest of the tree’s mass come from?



What do these 4th graders know about 
where the mass of a tree comes from?



Which of the following ideas about plants 
do you think the 4th graders know?

1. Most plants and animals need to take in both water and air. In 
addition, animals need to take in food and plants need light. 

2. From food, people and other organisms obtain fuel and materials for 
body repair and growth.

3. All organisms need food as a source of carbon-containing 
molecules that provide chemical energy and building materials.

4. Plants make their own food in the form of sugar molecules from 
carbon dioxide and water molecules.

5. Plants use sugar molecules to make more complex molecules that 
become part of their body structures.

6. If not used immediately as fuel or as building material, sugars and 
other carbon-containing molecules are stored for later use.



For students to understand where the tree’s mass comes 
from they need to have a “Lego” model of matter:

Substances react chemically in characteristic ways with other 
substances to form new substances with different characteristic 
properties. 
All matter is made up of atoms, which are far too small to see 
directly through a microscope. 
Atoms may link together in well-defined molecules…Different 
arrangements of atoms into groups compose all substances and 
determine their characteristic properties.
The idea of atoms explains chemical reactions: When substances 
interact to form new substances, the atoms that make up the 
molecules of the original substances combine in new ways.

and be able to apply it to living systems.



In the leaves, carbon dioxide and water molecules 
react to form glucose and oxygen molecules.



Throughout the tree, glucose molecules 
are linked together to form cellulose.

Glucose Cellulose



Cellulose molecules form fibers

Cellulose Fibers



Fibers form the parts of the tree



Why is it important for 8th grade students to 
understand and apply these ideas?

Contributes to understanding basic human body functions

To burn food for the release of energy stored in it, oxygen must be supplied to 
cells, and carbon dioxide removed. Lungs take in oxygen for the combustion of 
food and eliminate the carbon dioxide produced…

Contributes to understanding how plants affect the environment

Plants alter the earth’s atmosphere by removing carbon dioxide from it, using the 
carbon to make sugars and releasing oxygen. This process is responsible for the 
oxygen content of the air.

Contributes to understanding climate change

The burning of fossil fuels in the last century has increased the amount of 
greenhouse gases in the atmosphere, which has contributed to earth’s warming.



Why is it important for all adults to understand 
and apply these ideas?

“Many of the big problems facing humanity are 
biological in nature, or are susceptible to biological 
influence…Climate change, too, is intimately bound 
up with biology since it is the result of carbon 
dioxide going into the air faster than plants can 
remove it.”

The Economist June 16th 2007, p. 13



How well do US college graduates 
understand these important science ideas?

1. A seed grows into a 
large tree. Where did 
the mass of the tree 
come from?

2. What if I told you that 
the mass comes 
mainly from the 
carbon dioxide in the 
air?











Characterizing Adult Literacy in Science 
Mathematics, and Technology

THE NATURE OF SCIENCE
THE NATURE OF MATHEMATICS
THE NATURE OF TECHNOLOGY
THE PHYSICAL SETTING
THE LIVING ENVIRONMENT
THE HUMAN ORGANISM
HUMAN SOCIETY
THE DESIGNED WORLD
THE MATHEMATICAL WORLD
HISTORICAL PERSPECTIVES
COMMON THEMES
HABITS OF MIND



from The Scientific World View

Scientific Ideas are Subject to Change
Science is a process for producing knowledge. The process 
depends both on making careful observations of phenomena and 
on inventing theories for making sense out of those observations. 
Change in knowledge is inevitable because new observations may 
challenge prevailing theories. No matter how well one theory 
explains a set of observations, it is possible that another theory 
may fit just as well or better, or may fit a still wider range of 
observations. In science, the testing and improving and occasional 
discarding of theories, whether new or old, go on all the time. 
Scientists assume that even if there is no way to secure complete 
and absolute truth, increasingly accurate approximations can be 
made to account for the world and how it works.

Chapter 1: THE NATURE OF SCIENCE



from The Earth
The cycling of water in and out of the atmosphere plays an 

important part in determining climatic patterns--evaporating from the 
surface, rising and cooling, condensing into clouds and then into snow 
or rain, and falling again to the surface, where it collects in rivers, lakes, 
and porous layers of rock. There are also large areas on the earth's 
surface covered by thick ice (such as Antarctica), which interacts with 
the atmosphere and oceans in affecting worldwide variations in climate.

The earth's climates have changed radically and they are expected 
to continue changing, owing mostly to the effects of geological shifts 
such as the advance or retreat of glaciers over centuries of time or a 
series of huge volcanic eruptions in a short time. But even some
relatively minor changes of atmospheric content or of ocean 
temperature, if sustained long enough, can have widespread effects on 
climate.

Chapter 4: THE PHYSICAL SETTING



Chapter 5: THE LIVING ENVIRONMENT

from Flow of Matter and Energy
However complex the workings of living organisms, they share 
with all other natural systems the same physical principles of the 
conservation and transformation of matter and energy. Over long 
spans of time, matter and energy are transformed among living 
things, and between them and the physical environment. In 
these grand-scale cycles, the total amount of matter and energy 
remains constant, even though their form and location undergo 
continual change.

Almost all life on earth is ultimately maintained by 
transformations of energy from the sun. Plants capture the sun's
energy and use it to synthesize complex, energy-rich molecules 
(chiefly sugars) from molecules of carbon dioxide and water…





Essential Elements of K-12 Education Reform

High-quality science standards
Effective student assessments
High-quality textbooks and other curriculum 
materials
Well-prepared teachers
Policies and strategies to support needed changes 
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High-Quality K-12 Science Standards



K-12 steps toward science literacy

THE NATURE OF SCIENCE
THE NATURE OF MATHEMATICS
THE NATURE OF TECHNOLOGY
THE PHYSICAL SETTING
THE LIVING ENVIRONMENT
THE HUMAN ORGANISM
HUMAN SOCIETY
THE DESIGNED WORLD
THE MATHEMATICAL WORLD
HISTORICAL PERSPECTIVES
COMMON THEMES
HABITS OF MIND



Chapter 5: THE LIVING ENVIRONMENT

from Flow of Matter and Energy
K-2: Most plants and animals need to take in both water and air. In 

addition, animals need to take in food and plants need light. 
3-5: From food, people and other organisms obtain fuel and building 

materials for body repair and growth.
6-8: All organisms need food as a source of molecules that provide

chemical energy and building material. Plants use energy in light to 
make sugars out of carbon dioxide and water.  Plants and other 
organisms use sugar molecules to make more complex molecules 
that become part of their body structures. If not used as fuel or 
building materials, these molecules may be stored for later use.

9-12: The chemical elements that make up the molecules of living 
things pass through food webs and are combined and recombined in
different ways. At each link in a food web, some energy is stored in 
newly made structures but much is dissipated into the environment 
as heat. Continual input of energy from sunlight keeps the process 
going.



K-12 Connections among steps

THE NATURE OF SCIENCE
THE NATURE OF MATHEMATICS
THE NATURE OF TECHNOLOGY
THE PHYSICAL SETTING
THE LIVING ENVIRONMENT
THE HUMAN ORGANISM
HUMAN SOCIETY
THE DESIGNED WORLD
THE MATHEMATICAL WORLD
HISTORICAL PERSPECTIVES
COMMON THEMES
HABITS OF MIND





Plants use the energy 
from light to make sugars 
from carbon dioxide and 
water. 





Comparing Science Standards

Know that usable energy is captured 
from sunlight by chloroplasts and is 
stored through the synthesis of sugar 
from carbon dioxide.

The chemical elements that make up the 
molecules of living things pass through food 
webs and are combined and recombined in 
different ways. At each link in a food web, some 
energy is stored in newly made structures but 

9-12

Know that carbon, because of its ability 
to combine in many ways, has a central 
role in living organisms. 

All organisms need food as a source of 
molecules that provide chemical energy and 
building material. Plants use energy in light to 
make sugars out of carbon dioxide and water.  
Plants and other organisms use sugar molecules 
to make more complex molecules that become 
part of their body structures. If not used as fuel 
or building materials, these molecules may be 
stored for later use.

6-8

Know that plants use carbon dioxide 
(CO2) and energy from sunlight to build 
molecules of sugar and release oxygen.

From food, people and other organisms obtain 
fuel and building materials for body repair and 
growth.

3-5

Know that both plants and animals need 
water, animals need food, and plants 
need light.

Most plants and animals need to take in both 
water and air. In addition, animals need to take in 
food and plants need light.

K-2

California StandardsBenchmarks



Comparing Science Standards

Describe and model the 
conversion of light energy to 
chemical energy by photosynthetic 
organisms: light dependent 
reactions, light independent 
reactions.

The chemical elements that make up the molecules 
of living things pass through food webs and are 
combined and recombined in different ways. At each 
link in a food web, some energy is stored in newly 
made structures but much is dissipated into the 
environment as heat. Continual input of energy from 

9-12

Identify ways plants use organic 
and inorganic components in the 
soil.

All organisms need food as a source of molecules 
that provide chemical energy and building material. 
Plants use energy in light to make sugars out of 
carbon dioxide and water.  Plants and other 
organisms use sugar molecules to make more 
complex molecules that become part of their body 
structures. If not used as fuel or building materials, 
these molecules may be stored for later use.

6-8

Identify the role of chlorophyll in 
the process of photosynthesis. 
Explain photosynthesis.

From food, people and other organisms obtain fuel 
and building materials for body repair and growth.

3-5

Identify basic needs of plants and 
animals: food, water, light, air, 
space.

Most plants and animals need to take in both water 
and air. In addition, animals need to take in food and 
plants need light.

K-2

ArkansasBenchmarks



Characteristics of High Quality Standards

Importance: Do they focus on the most important 
science ideas?

Clarity: Are they clear and specific enough to guide the 
design of curriculum, instruction, and assessment?

Coherence: Are they logically connected as a set?

Age-appropriateness: Are expectations for the different 
grade levels appropriate?



Taking Standards Seriously: Aligning Curriculum, 
Instruction, and Assessment with Learning Goals



The Assessment Scene

NCLB now requires science testing in elementary, 
middle, and high school
2009 NAEP Science Assessment is based on national 
standards (Benchmarks and NSES)
Project 2061 is currently developing standards-based 
middle-school assessments on 20 science topics



A. From minerals in the soil 

B. From sunlight 

C. From oxygen in the air 

*D. From carbon dioxide in the air 

A table is made from wood that is cut from a tree. Where did most of 
the material that makes up the table originally come from?

Sample 2061 Item Recently Field Tested



Sample Item from State Test

1. Oxygen (O2) is an example of :

A) an alloy      B) a molecule      C) a salt      D) a mixture

2. To produce 4 molecules of sugar, a plant needs: 

A) 6 molecules of hydrogen      B) 12 molecules of ATP  

C) 18 molecules of water          D) 24 molecules of carbon dioxide

Use the information at the right and your knowledge 
of science to answer questions 1-2. The first 
equation represents photosynthesis. Plants use 
energy from sunlight to produce sugar and oxygen 
from carbon dioxide and water. The second 
equation represents aerobic respiration. Plants and 
animals release stored energy in a reaction between 
sugar molecules and oxygen. This reaction 
produces carbon dioxide and water. 



A. From minerals in the soil (53.6%, 53%)

B. From sunlight (19.4%, 15%)

C. From oxygen in the air (10.6%, 6%)

*D. From carbon dioxide in the air (16.5%, 27%)

A table is made from wood that is cut from a tree. Where did most of 
the material that makes up the table originally come from?

Sample 2061 Item Recently Field Tested



We Need Textbooks That

Present the set of key ideas coherently

Attend to student ideas that interfere with learning

Include representations that effectively clarify the key science
ideas

Engage students with natural phenomena to make the key 
science ideas real

Help students interpret their experiences with the natural world
and relate them to the scientific ideas









Existing textbooks provide little help



150-200,000 science teachers in grades 7-12 

1,450,000 elementary school teachers also teach science

Science and mathematics standards require teachers to have 
knowledge and skills that many did not receive in their teacher 
preparation programs

Teachers need 60-80 hours of professional development 
before changes are evident in classroom practice

Strongest effects of professional development are in programs 
that focus on content knowledge and student learning

Well Prepared K-12 Science Teachers

Some Important Considerations



If We Focus on Important Science 
Learning Goals We Can Achieve Universal 
Science Literacy When the Comet Returns

2061

1985

1910

1834

1758

1682

Policies to Support Improvement 



Additional AAAS Resources

http://www.project2061.org
http://www.smartschoolboards.org


