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Science for All Americans

• Presents the knowledgePresents the knowledge 
and skills that make up 
science literacy goalsscience literacy goals



Paragraph from SFAA (page 43)g p (p g )

Chapter 4—The Physical Settingp y g
Section B—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, andcondensing 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 (suchareas 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. 



“Steps Along the Way”p g y

• Defining the final objectives of scienceDefining the final objectives of science 
literacy is not enough

• Students will work towards achieving 
i tifi lit i t llscientific literacy incrementally

• Therefore, incremental objectives are 
necessaryy



Benchmarks Development Teamp

• 4 years
• 6 teams

• 25 teachers per team
• One day (+) each monthy ( )

• Six-week Summer Institutes



Benchmarks for Science Literacy

• Provides a set of 
learning goals for 
the ends of grades g
2, 5, 8, and 12



Benchmarks are based on SFAA



Benchmarks from BSL (pages 67-70)(p g )

K-2 Water left in an open container disappears, but water in a closed 
container does not disappearcontainer does not disappear. 

3-5 When liquid water disappears, it turns into a gas (vapor) in the air 
and can reappear as a liquid when cooled, or as a solid if cooled 
below the freezing point of water Clouds and fog are made of tinybelow the freezing point of water. Clouds and fog are made of tiny 
droplets of water. 

6-8 The cycling of water in and out of the atmosphere plays an 
important role in determining climatic patterns Water evaporatesimportant role in determining climatic patterns. Water evaporates 
from the surface of the earth, rises and cools, condenses into rain 
or snow, and falls again to the surface. The water falling on land 
collects in rivers and lakes, soil, and porous layers of rock, andcollects in rivers and lakes, soil, and porous layers of rock, and 
much of it flows back into the ocean. 

9-12 Life is adapted to conditions on the earth, including the force of 
gravity that enables the planet to retain an adequate atmosphere,gravity that enables the planet to retain an adequate atmosphere, 
and an intensity of radiation from the sun that allows water to 
cycle between liquid and vapor. 
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Comparing Standards p g

Benchmarks for 
Science Literacy

National Science 
Education StandardsScience Literacy

Chapter 4 
The Physical Setting
Section B

Education Standards
Content Standard D
Earth and Space Science
Structure of theSection B 

The Earth
Grades 6-8

Structure of the 
Earth System 
Grades 5-8

Water evaporates from the surface of the 
earth, rises and cools, condenses into rain 
or snow, and falls again to the surface. The 
water falling on land collects in rivers and 

Water, which covers the majority of the 
earth's surface, circulates through the 
crust, oceans, and atmosphere in what is 
known as the "water cycle." Water 

lakes, soil, and porous layers of rock, and 
much of it flows back into the oceans. The 
cycling of water in and out of the 
atmosphere is a significant aspect of the 

evaporates from the earth's surface, rises 
and cools as it moves to higher elevations, 
condenses as rain or snow, and falls to the 
surface where it collects in lakes, oceans, 

weather patterns on Earth. 4B/M7* soil, and in rocks underground.  



Comparing BSL and NSESp g

• Science Education System
S i Ed ti P• Science Education Program

• Science Assessment
• Professional Development• Professional Development
• Science Teaching
• Content 90%
• Nature of Science
• Natural Science

90%
OVERLAP

• Social Science
• Mathematics
• Technology



From the
National Science Education StandardsNational Science Education Standards

The National Research Council of the 
National Academy of Sciences gratefully 
acknowledges its indebtedness to the 
seminal work by the Americanseminal work by the American 
Association for the Advancement of 
Science's Project 2061 and believes that 
use of Benchmarks for Science Literacyuse of Benchmarks for Science Literacy
by state framework committees, school 
and school-district curriculum committees, 
and developers of instructional and 
assessment materials complies fully with 
the spirit of the content standards.the spirit of the content standards.

National Academy of Sciences, p. 15



The Need for Mapsp

No linear presentation of topics can 
satisfactorily represent the connectedness of 
ideas and experiences that would be essential 
i t l i l t tb kin an actual curriculum or textbook.

Science for All Americans, 
page xxipage xxi



Atlas of Science Literacyy

• Illustrates the 
relationships betweenrelationships between 
individual learning 
goals and shows thegoals and shows the 
growth-of-understanding 
of ideasof ideas



Most Boxes are Based 
on Benchmarkson Benchmarks
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Maps were used during 
the development of Benchmarksthe development of Benchmarks



Distribution of Benchmarks



4 The Physical Setting

• Solar System (4A) 

y g

• Weather and Climate (4B)
• Use of Earth’s Resources (4B)

• Stars (4A)
• Galaxies and the Universe (4A)
• Changes in the Earth’s Surface (4C)
• Plate Tectonics (4C)• Use of Earth s Resources (4B)• Plate Tectonics (4C)
• Atoms and Molecules (4D)
• Conservation of Matter (4D)
• States of Matter (4D)( )
• Chemical Reactions (4D)
• Laws of Motion (4F)
• Waves (4F)
• Energy Transformations (4E)• Gravity (4G)

• Electricity and Magnetism (4G)



1  The Nature of Science

• Scientific World View (1A)• Evidence and Reasoning in Inquiry (1B)( )g q y ( )
• Scientific Investigations (1B)
• Scientific Theories (1B)

S f C ( C)

• Avoiding Bias in Science (1B)

• The Scientific Community (1C)
• Science and Society (1C)



Revised Benchmarks

Old Version
Science can sometimes be used

New Version
Science can sometimes be usedScience can sometimes be used 

to inform ethical decisions by 
identifying the likely 
consequences of particular 

Science can sometimes be used 
to inform ethical decisions by 
identifying the likely 
consequences of particular q p

actions but cannot be used to 
establish that some action is 
either moral or immoral.  1A/M4c

q p
actions, but science cannot be 
used by itself to establish that an 
action is moral or immoral. 
1A/M4c*



Revised Benchmarks

Old Version
Two types of organisms may

New Version
Interactions between organismsTwo types of organisms may 

interact with one another in 
several ways: They may be in a 
producer/consumer, 

Interactions between organisms 
may be for nourishment, 
reproduction, or protection and 
may benefit one of the organisms p ,

predator/prey, or parasite/host 
relationship. Or one organism 
may scavenge or decompose 

y g
or both of them.  Some species 
have become so dependent on 
each other that neither could 

another. Relationships may be 
competitive or mutually beneficial. 
Some species have become so 
d t d t h th th t ith

survive without the other.  
5D/M2**

adapted to each other that neither 
could survive without the other.  
5D/M2



Revised Benchmarks

Old Version
Middle School

New Version
High SchoolMiddle School

Because the earth turns daily on 
an axis that is tilted relative to the 
plane of the earth's yearly orbit

High School
Because the earth turns daily on 
an axis that is tilted relative to the 
plane of the earth's yearly orbitplane of the earth s yearly orbit 

around the sun, sunlight falls 
more intensely on different parts 
of the earth during the year. The 

plane of the earth s yearly orbit 
around the sun, sunlight falls 
more intensely on different parts 
of the earth during the year. The g y

difference in heating of the earth's 
surface produces the planet's 
seasons and weather patterns.  

g y
difference in intensity of sunlight 
and the resulting warming of the 
earth's surface produces the 

4B/M4 seasonal variations in 
temperature. 4B/H3** (BSL)



Revised Benchmarks

Old Version
High School

New Version
Middle School

There are two kinds of charges—
positive and negative. Like 
charges repel one another, 
opposite charges attract

A charged object can be charged 
in one of two ways, which we call 
either positively charged or 
negatively charged Two objectsopposite charges attract.  

4G/H3ab
negatively charged. Two objects 
that are charged in the same 
manner exert a force of repulsion 
on each other, while oppositely pp y
charged objects exert a force of 
attraction on each other. 4G/M5** 
(BSL)



But some come from SFAA

S C I E N C E

F O R A L L A M E R I C A N S

S C I E N C E

F O R A L L A M E R I C A N S

A M E R I C A N  A S S O C I A T I O N  F O R  T H E  A D V A N C E M E N T  O F  S C I E N C E

P R O J E C T  2 0 6 1

A M E R I C A N  A S S O C I A T I O N  F O R  T H E  A D V A N C E M E N T  O F  S C I E N C E

P R O J E C T  2 0 6 1



And some some from NSES

NSES
The atmosphere is a mixture of

Atlas 2
The atmosphere is a mixture ofThe atmosphere is a mixture of 

nitrogen, oxygen, and trace gases 
that include water vapor. The 
atmosphere has different 

The atmosphere is a mixture of 
nitrogen, oxygen, and trace 
amounts of water vapor, carbon 
dioxide, and other gases. p

properties at different elevations. 
, g

4B/M15** (NSES)



Benchmarks Online Updated p

Since we have 
revised some 
of the 
benchmarks, 

hwe have 
released an 
updated 
version ofversion of 
Benchmarks 
Online.



Benchmarks Online Updatedp

As was the 
case with the 
original version 
of Benchmarks 
O liOnline, users 
can navigate to 
different 
sections with asections with a 
single click.



Essays and Bulleted Listsy

Only the 
bulleted 
statements 
have been 

d t d thupdated; the 
essays for each 
section remain 
unchangedunchanged. 



Some benchmarks have been broken up 
and others have been revised

Some 

and others have been revised.

benchmarks 
have been 
divided into 
ttwo or more 
parts.  

An asterisk (*) 
at the end of 
the benchmark 

d i di tcode indicates  
that the 
benchmark 
has beenhas been 
revised. 



New Benchmarks are Included

The code for 
new benchmarksnew benchmarks 
includes two 
Asterisks (**).

We also indicate 
if the benchmark 
was derived fromwas derived from 
SFAA or NSES.



The 1993 Text Is Still Available

Click the tab 
labeled 
1993 VERSION
to see the text 
f th i tfrom the print 
edition.

If a benchmark 
has been 
deleted or 

d thmoved, there 
is a note in 
grey text



Tabs to show both old and new

Comparing the 
text in the two 
tabs lets you 
see what has 
b i dbeen revised. 



Enhanced Search Functionalityy

You can search 
the text of the 
essays, the 
original version, 

th i dor the revised 
version.
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Supporting the Goals

I t ti

pp g

Curriculum Instruction

Literacy 
Goals

Learning 
Goals

Teacher Materials 
C i PreparationDevelopment Connections

Assessment



Map Keyp y



Map Keyp y



Map Keyp y

BENCHMARKS
are specific learning goals derived 
mostly from Benchmarks for 
Science Literacy but also from 
Science for All Americans and 
National Science Education 
Standards. Colored boxes 
i di t k l d lindicate knowledge goals; 
bordered boxes indicate skill 
goals. Some benchmarks have 
been split into two or more ideasbeen split into two or more ideas 
which appear in separate boxes.



Map Keyp y

BENCHMARK CODES
indicate chapter, section, grade 
range, and number of the 
corresponding goal statements in 
Benchmarks for Science Literacy. 

Letters, asterisks, and acronyms , , y
following the code provide 
additional information about the 
benchmark.



What’s in a Benchmark Code?



Map Keyp y

CONNECTING ARROWS
indicate that achieving one 
benchmark contributes to 
achieving the other. The exact 
meaning of a connection is not 
indicated explicitly, but 
connections can be based on the 
l i f th bj t ttlogic of the subject matter or on 
cognitive research about how 
students learn.



What does an Arrow mean?

• One idea “contributes to the understandingOne idea contributes to the understanding 
of the other”

• Knowing one idea can be “helpful in 
l i ” th th idlearning” the other idea.

• The idea may be an essential prerequisite, 
but does not have to be.



Map Keyp y

GRADE RANGES
suggest when most students 
could achieve these 
benchmarks. A benchmark’s 
position within a grade range 
does not indicate the grade in 
which it should be taught, nor 
d it iti i di t th t itdoes its position indicate that it 
should be taught before or after 
another benchmark unless 
there is an arrow connectingthere is an arrow connecting 
them.



Map Keyp y

STRAND LABELS
help the reader find things in the 
map and get a sense of the 
map’s content. Strands loosely 
suggest ideas or skills that 
develop over time. Strands 
often interweave and share 
b h kbenchmarks.



The boundaries 
of strands are 
not always 
obviousobvious. 

A givenA given 
benchmark may 
be part of more 
than one strandthan one strand 
causing two or 
more strands to 
overlap.



Map Keyp y

CROSS-REFERENCES 
TO OTHER MAPS
indicate that the benchmark also 
appears on the maps that are pp p
listed.



Map Keyp y

OFF-MAP CONNECTIONS
show links to the codes of 
closely related benchmarks 
when it is not possible to 
include the full text of the 
benchmark on a map. Arrows in 
off-map connections imply the 

l ti hi b tsame relationship between 
benchmarks as they do when 
they connect boxes to boxes. 

Use the Index of Mapped 
Benchmarks to search for 
maps on which a benchmarkmaps on which a benchmark 
appears in its full text.





Index of Mapped Benchmarkspp

• The index entries are not terms or topics.

• Each index entry is for a unique 
benchmark statement identified by its 
b h k dbenchmark code.

• The index is organized according to the 
structure of the chapters and sections instructure of the chapters and sections in 
Benchmarks for Science Literacy. 

• Each index entry provides the names ofEach index entry provides the names of 
the maps, along with the volume and 
page numbers, on which the benchmark 
can be found.



Map Connections in Atlas 1p



Identifying Clusters in Atlas 1y g

The maps inThe maps in 
a cluster are 
identified in 
a box in the 
top right 
corner of the 
facing page.



Comparison of Atlas 1 & Atlas 2p

Volume 1 Only Volume 2 OnlyVolume 1 Only Volume 2 Only

Letters next to the box for 
ti i th l t

Off-Map ConnectionsBoth
connections in the cluster

to… and from…
Map Connections

Cross References to 
Other Maps

Boxes

Arrowsap Co ect o s

Grade Range inferred 
from its place on the map

Grade Range indicated 
with letters (P, E, M, H) in 

the code

Arrows

Grade Ranges

St d
Parts of benchmarks 

indicated with dots (…) 
in the code

Parts of benchmark 
indicated with letters 
(a, b, c) in the code

Strands



Map Keyp y
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Connections 



What does an Arrow mean?

• One idea “contributes to the understandingOne idea contributes to the understanding 
of the other”

• Knowing one idea can be “helpful in 
l i ” th th idlearning” the other idea.

• The idea may be an essential prerequisite, 
but does not have to be.
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Exploring Connections

Describing ArrowsDescribing Arrows

• With a partner pick one arrow from the Weather and p p
Climate map and write a few sentences that describe 
the relationship between the two benchmarks that it 
connects Be sure to mention whether you think theconnects. Be sure to mention whether you think the 
connection implies a necessary prerequisite.
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Strand MapStrand Map 
ServiceService



National Science Digital Libraryg y



Browsing by Strand Mapsg y p









Select the Map You Wantp























End



Connections 



What does an Arrow mean?

• One idea “contributes to the understandingOne idea contributes to the understanding 
of the other”

• Knowing one idea can be “helpful in 
l i ” th th idlearning” the other idea.

• The idea may be an essential prerequisite, 
but does not have to be.
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Exploring Connections

Describing ArrowsDescribing Arrows

• With a partner pick one arrow from the Scientific p p
World View map (Atlas 2, p. 5) and write a few 
sentences that describe the relationship between the 
two benchmarks that it connects Be sure to mentiontwo benchmarks that it connects. Be sure to mention 
whether you think the connection implies a necessary
prerequisite.
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Map Commentary (p. 4)p y (p )



Exploring Connections

Conceptual PrerequisiteConceptual Prerequisite

• When liquid water disappears, it turns into a gas q pp , g
(vapor) in the air and can reappear as a liquid when 
cooled, or as a solid if cooled below the freezing point 
of water Clouds and fog are made of tiny droplets ofof water. Clouds and fog are made of tiny droplets of 
water. (4B/E3)

• Air is a substance that surrounds us, takes up space, 
and whose movements we feel as wind. (4B/E4)



Exploring Connections

Conceptual Prerequisite

• When liquid water disappears, it turns into a gas (vapor) in the air and can reappear as 
li id h l d lid if l d b l th f i i t f t Cl d

Co ceptua e equ s te

a liquid when cooled, or as a solid if cooled below the freezing point of water. Clouds 
and fog are made of tiny droplets of water. (4B/E3)

• Air is a substance that surrounds us, takes up space, and whose movements we feel as 
wind (4B/E4)wind. (4B/E4)

Benchmarks, Chapter 15: THE RESEARCH BASE, p. 336 
• “Students seem to transit a series of stages to understand Stude ts see to t a s t a se es o stages to u de sta d

evaporation. Before they understand that water is converted to an 
invisible form, they may initially believe that when water evaporates it 
ceases to exist, or that it changes location but remains a liquid, or that 
it is transformed into some other perceptible form (fog, steam, 
droplets, etc.) (Bar, 1989; Russell, Harlen, & Watt, 1989; Russell & 
Watt, 1990). With special instruction, some students in 5th grade can 
id tif th i th fi l l ti f ti t (R l &identify the air as the final location of evaporating water (Russel & 
Watt, 1990), but they must first accept air as a permanent substance 
(Bar, 1989).”  



Exploring Connections

Increasing SophisticationIncreasing Sophistication

• Changes in speed or direction of motion are caused by 
forces. (4F/E1)

• An unbalanced force acting on an object changes its 
speed or direction of motion, or both. (4F/M3)



Exploring Connections

Tactical Sequencing

• At times, environmental conditions are such that plants and 

Tactical Sequencing

p
marine organisms grow faster than decomposers can recycle 
them back to the environment. Layers of energy-rich organic 
material have been gradually turned into great coal beds and g y g
oil pools by the pressure of the overlying earth. By burning 
these fossil fuels, people are passing most of the stored 
energy back into the environment as heat and releasing largeenergy back into the environment as heat and releasing large 
amounts of carbon dioxide. 5E/H1

Th i th i f f l d th• The sun is the main source of energy for people and they use 
it in various ways. The energy in fossil fuels such as oil and 
coal comes from the sun indirectly, because the fuels come 
f 8C/ 1from plants that grew long ago. 8C/E1



Tactical Sequencing (continued)q g ( )

Sunlight is the ultimate source of
most of the energy we use Themost of the energy we use. The
energy in fossil fuels such as oil
and coal comes from energy that
plants captured from the sun long
ago. 8C/H8** (BSL)

At times, environmental conditions are
such that land and marine organisms
reproduce and grow faster than theyg y
die and decompose to simple carbon
containing molecules that are returned
to the environment. Over time, layers
of energy-rich organic material inside
the earth have been chemically

Sunlight is used

changed into great coal beds and oil
pools.  5E/H1*

Sunlight is used
to run many
devices. 8C/E2a*



Connections Not on Maps 

Instructional Methods

• Like all planets and stars, the earth is approximately 

Instructional Methods

spherical in shape. (4B/E2a)

G t i fi b h• Geometric figures, number sequences, graphs, 
diagrams, sketches, number lines, maps, and stories 
can be used to represent objects in the real world, 
although such representations can never be exact in 
every detail. (11B/E2)



Connections Not on Maps

Instructional Methods

• Like all planets and stars, the earth is approximately spherical in shape. 
(4B/E2a)

Instructional Methods

(4B/E2a)

• Geometric figures, number sequences, graphs, diagrams, sketches, number 
lines, maps, and stories can be used to represent objects in the real world, 

lth h h t ti b t i d t il (11B/E2)although such representations can never be exact in every detail. (11B/E2)

Benchmarks, Chapter 4: THE PHYSICAL SETTING, p. 67
• “An important point to made along the way is that one 

cannot determine how the solar system is put together 
just by looking at it Diagrams show what the systemjust by looking at it. Diagrams show what the system 
would look like if people could see it from far away, a feat 
that cannot be accomplished. Telescopes and other 
instruments do provide information, but a model is really 
needed to make sense out of the information.”



Connections Not on Maps

Instructional Methods

• The earth is approximately spherical in shape. Like the 

Instructional Methods

pp y p p
earth, the sun and planets are spheres. (4B/E2a)

• Seek better reasons for believing something than 
"Everybody knows that . . ." or "I just know" and discount 
such reasons when given by others. (12E/E3)such reasons when given by others.  (12E/E3)



Connections Not on Maps

Specific Topics & General Themes

• Microscopes make it possible to see that living things are 

Specific Topics & General Themes

p p g g
made mostly of cells. Some organisms are made of 
collections of cells that benefit from cooperating. Some 
organisms’ cells vary greatly in appearance and performorganisms  cells vary greatly in appearance and perform 
very different roles in the organism. (5C/E2)

• In something that consists of many parts, the parts 
usually influence one another. (11A/E1)



The Future…

Matching the Printed AtlasMatching the Printed Atlas



The Future…

Zooming In and OutZooming In and Out



The Future…

Roll Over for Readable TextRoll Over for Readable Text



The Future…

Off Map ConnectionsOff Map Connections



The Future…

Off-Map ConnectionsOff-Map Connections



The Future…

Cross References to Other MapsCross References to Other Maps



The Future…

Cross References to Other MapsCross References to Other Maps



The Future…

Cross References to Other MapsCross References to Other Maps



The Future…

Customizable MapsCustomizable Maps



The Future…

Customizable MapsCustomizable Maps



The Future…

Customizable Pop-Up BoxCustomizable Pop-Up Box


