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In its latest update on the state of U.S. science
and engineering, the National Science Board re-
ports that nearly all Americans agree on the impor-
tance and value of science literacy in understand-
ing and dealing with the issues of the day (1). How-
ever, performance by the nation’s K-12 students in
mathematics and science as measured by the Na-
tional Assessment of Educational Progress (NAEP)
tests continues to be disappointing (2). Without
basic literacy in science, mathematics, and tech-
nology, these young people will not be prepared
for tomorrow’s jobs or for making decisions about
health care, national security, the environment, and
a range of other issues in which science and tech-
nology play a key role. While reforms in science,
mathematics, and technology education are under-
way to address these problems, a great deal more
needs to be done throughout the education system
before significantimprovements in student achieve-
ment can be realized.

As an important part of the system, the scien-
tific and technological community has a vital role to
play in reaching out to education reform efforts and
encouraging young people to study and pursue ca-
reers in science, technology, engineering, and
mathematics (STEM). One such reform effort is
Project 2061, a long-term nationwide education
reform initiative of the American Association for the
Advancement of Science (AAAS). Project 2061 be-
gan its work in 1985, the year Halley’s Comet was
last visible from Earth. Children just starting school
now will see the return of the Comet in 2061—a
reminder that today’s education will shape the qual-
ity of their lives as they come of age in the 21 cen-
tury amid profound scientific and technological
change. Project 2061 has focused its work on un-
derstanding what it takes to help all students be-
come literate in science, mathematics, and tech-
nology and on developing tools to help all those
engaged in this important endeavor.

In this article, our goal is to share with JSTEM
Education readers some ideas and resources
drawn from our work at Project 2061 that can help
them develop outreach efforts that are more rel-
evant, effective, and rewarding. In particular, we
focus on identifying resources and strategies that
can be used to enrich outreach efforts that aim to
supplement or enhance STEM content for students

in kindergarten through 6" grade, rather than on
efforts related to STEM careers. Our recommen-
dations below are drawn from the standards- and
research-based practices that are driving reforms
in today’s science and mathematics classrooms.

AAAS’s Project 2061
and Science Literacy

With its first publication Science for All Amer-
cans(3), Project 2061 called attention to the knowl-
edge and skills that all citizens need so that they
can live productive and rewarding lives in a society
that is increasingly shaped by science and tech-
nology. Drawing on the work of expert panels rep-
resenting the major scientific and technical disci-
plines, Science for All Americans describes a sci-
ence literate person as one who:

* is familiar with the natural world.

* understands some of the key concepts and

principles of science.

* has a capacity for scientific ways of thinking.

* is aware of some of the important ways in
which mathematics, technology, and science
depend upon one another.

* knows that science, mathematics, and tech-
nology are human enterprises and what that
implies about their strengths and limitations.

* is able to use scientific knowledge and ways
of thinking for personal and social purposes.

This vision of science literacy emphasizes the con-
nections among ideas in the natural and social sci-
ences, mathematics, and technology and avoids the
artificial boundaries that separate the traditional
curriculum into individual disciplines. Science for
All Americans has laid the groundwork for Project
2061’s ongoing research and development efforts
and for the nationwide science standards move-
ment of the 1990s.

To help students make progress toward science
literacy, Project 2061 next published Benchmarks
for Science Literacy (Benchmarks), which proposes
learning goals for students at the end of grades 2,
5, 8, and 12 (4). Developed in collaboration with
teams of educators in six diverse school districts
and with scientists and experts on learning and cur-
riculum design, Benchmarxs reflects the input of

Drawing on knowledge and expe-
rience gained through the study of
K-12 science, mathematics, and
technology education practices
and efforts to reform them, this
article suggests several ways to
strengthen outreach efforts aimed
at students in the elementary
grades. The article begins with a
description of Project 2061, an
education reform initiative of the
American Association for the Ad-
vancement of Science that pro-
motes the goal of science literacy
for all students and the importance
of coherent and specific content
standards to guide K-12 teaching
and learning. The authors then
recommend several strategies and
a number of resources that can
help those in the scientific and
technological community to de-
velop outreach efforts and mate-
rials that are aligned with and sup-
port the goals that today’s stu-
dents and teachers are striving to
achieve.
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more than 1,300 individuals. Benchmarks provides
educators with sequences of specific learning goals
that they can use to design a core curriculum, guid-
ing decisions about what content to include (or ex-
clude), when to teach it, and why. To help educa-
tors as they rethink their curriculum, Benchmarks:

* describes levels of understanding and ability
that all students are expected to reach on the
way to becoming science literate;

* concentrates on the common core of learn-
ing that contributes to the science literacy of
all students while acknowledging that most
students have interests and abilities that go
beyond that common core, and some have
learning difficulties that must be considered;

* avoids technical language used for its own
sake, in part to reduce sheer burden, and in
part to prevent vocabulary from being mis-
taken for understanding;

* is informed by research on how students
learn, particularly as it relates to the selec-
tion and grade placement of the learning
goals;

* encourages educators to recognize the
interconnectedness of knowledge and to build
these important connections into their curricu-
lum units and materials; and

* includes knowledge of the nature and his-
tory of science, mathematics, and technology,
an understanding of common themes that cut
across disciplines, and the development of
scientific habits of mind as essential aspects
of science literacy.

Both Science for All Americans and Benchmarks
have been influential in national and state educa-
tion reform efforts. The National Research Council’s
National Science Education Standards, for ex-
ample, acknowledges “its indebtedness to the semi-
nal work by the American Association for the Ad-
vancement of Science’s Project 2061” (5). A study
by SRl International found that Project 2061’s work
had an impact on the day-to-day work of most state
education leaders and influenced the development
of nearly every state science curriculum framework
or standards-type document (6). Along with Project
2061, other national organizations have developed
content standards for other subject areas, includ-
ing the publication in 2000 of Principles and Stan-
dards for School Mathematics produced by the
National Council of Teachers of Mathematics (7)
and Stanoards for Technological Literacy: Content
for the Study of Technology produced by the Inter-
national Technology Education Association (8).

In its current work, Project 2061 has focused
on helping educators and others make use of learn-
ing goals (a general term for benchmarks or stan-
dards that specify the content that students are to
learn) in their efforts to improve curriculum materi-

als, teacher education, assessments, and other el-
ements of the K-12 education system. Project 2061
also works closely with the informal science edu-
cation community through partnerships with science
centers and museums around the country.

Of particular interest to Project 2061 has been
the role of curriculum materials—including tradi-
tional textbooks, stand-alone or supplemental units,
computer-based activities and programs, and so
on—as tools that can support both teachers and
students. To gather baseline data on the extent to
which currently available science and mathemat-
ics textbooks could be useful in helping a wide
range of students learn some of the key ideas rec-
ommended in national and state content standards,
Project 2061 conducted evaluative studies of 44
middle and high school textbooks. The studies
looked at the most widely used textbooks and at
some non-traditional textbooks that were fairly new
to the market. With the exception of a handful of
promising mathematics textbooks, nearly all of the
textbooks had many weaknesses, including a lack
of coherence and focus on key learing goals, an
overemphasis on trivial details and terminology at
the expense of more in-depth content, failure to
develop students’ thinking and reasoning skills, and
inadequate support for teachers in identifying and
correcting students’ misconceptions. In science not
a single textbook received a satisfactory overall
rating (9, 10, 11).

Drawing on the findings from these and other
studies and from the available research on teach-
ing and learning, we've distilled three key recom-
mendations that we think will help the readers of
JSTEM Education place their outreach efforts within
the broader context of education reform in science,
mathematics, and technology. At the same time,
we identify some useful resources—both online and
in print—that can help put these recommendations
into practice. As a result, outreach efforts can be
designed to engage young audiences more effec-
tively and help them make progress toward achiev-
ing important learning goals. We've tried to rec-
ommend steps that will provide the most lasting
benefit to developers of outreach activities and
materials and to the classrooms that will be using
them.

Recommendation 1#1: Align Your Outreach
Efforts to Relevant Content Standards

By specifying what students should know and
be able to do in each content area and grade level,
the standards movement has been a major influ-
ence on the reform of STEM education. With the
introduction of the No Child Left Behind Act of 2002
(12), schools, teachers, and students must now
meet stringent accountability measures that are tied
to those standards.
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In this new environment, it is more important
than ever that outreach efforts be well aligned with
the relevant science and mathematics learning
goals. Achieving this alignment is not as easy as it
might seem; many standards documents are little
more than checklists of concepts and skills to be
“covered.” To be meaningful, alignment needs to
go beyond a key word or topic match. For this rea-
son, Benchmarks spells out quite specifically the
ideas that students are expected to know and ex-
presses the ideas in language that is appropriate
to each grade band. Although written to be as pre-
cise as possible, the learning goals in Benchmarks
still need to be interpreted and clarified before they
can effectively guide the design of an activity, ex-
periment, demonstration, lesson, or unit. To help
think through what this kind of alignment would look
like when applied to a particular outreach activity
or material (as well as to textbooks and a wide va-
riety of other curriculum materials), here are some
questions to keep in mind:

Does the activity or material address the actual
substance of the learning goal or just the topic? As
an example, consider the following learing goal
for students in grades 3-5 that relates to under-
standing the nature of science and how scientists
work:
Clear communication is an essential part of do-
ing science. It enables scientists to inform oth-
ers about their work, expose their ideas to criti-
cism by other scientists, and stay informed about
scientific discoveries around the world. (4)
At first glance, it might seem that any outreach ac-
tivity that addresses the topic of communication by
providing opportunities for students to work together
or to share information would be aligned with this
learning goal. Instead, the goal actually expects
students to understand the essential role that clear
communication plays in scientific discovery. More
on-target activities might bring students together
as a team to investigate a science question and
then to reflect on how sharing their data and infor-
mation helped their work along. To demonstrate
how much clear communication contributes to their
work, activities might even include deliberate block-
ing of communication so that students can see how
their work suffers as a result.

Does the activity or material focus on the ‘bjg ideas”
specified in the learning goal rather than on less
important details? Consider this learning goal for
students in grades 3 through 5:
The patterns of stars in the sky stay the same,
although they appear to move across the sky
nightly, and different stars can be seen in differ-
ent seasons. (4)
Here students are expected to understand that
when any group of stars is observed at different

times over the course of one night or on different
nights, the stars always have the same arrange-
ment—they always have the same relative posi-
tions to one another. This arrangement is consis-
tent night after night, year after year, and century
after century even though there may be times when
parts (or all) of the arrangement may not be vis-
ible. Qutreach activities or materials that give stu-
dents opportunities to observe that stars within a
group maintain their relative positions and that
groups of stars maintain their positions relative to
other groups, even as they all appear to move
across the sky during the night, are likely to be well
aligned with this learning goal. Efforts aimed at
having students know the names of constellations
or how many there are would not be aligned.

Does the activity or matenial reflect the level of so-
phistication of the learning goal? Consider this
learning goal for students in kindergarten through
2" grade:

Water left in an open container disappears, but water

in a closed container does not disappear. (4)
In this example, K-2 students are not expected to
understand the mechanism of evaporation, includ-
ing molecules, invisible vapor, or even the term
“evaporation” itself; it is enough to observe what
happens to the water in a sufficient variety of con-
texts to see the pattern described in the benchmark.
Students are expected to build on their observa-
tions in grades 3-5 to understand that when liquid
water disappears, it turns into a gas (vapor) in the
air, and in grades 6-8 to explain evaporation in terms
of invisibly small molecules. In Project 2061’s
Benchmarks, decisions about the placement of
learning goals at particular grade levels are based
on cognitive and domain-specific research and on
teachers’ experience. Useful summaries of much
of this research are included in a special chapter of
Benchmarks.

Recommendation #2: Pay RAttention to
What Students Are Thinking

Extensive research has shown that even very
young children have their own ideas about almost
every topic they are likely to encounter. For ex-
ample, on the topic of “light,” some children may
identify light only with its source or with its effects
rather than thinking of light as an entity that travels
in space. Rather than dismissing these as merely
“erroneous” beliefs that can be easily corrected, it's
important to understand that these are powerful
ways of thinking that affect the way children are
likely to interpret and respond to the outreach ac-
tivities or materials being planned.

By being aware of these ideas and beliefs and
taking them into account in their planning, outreach
developers will be able to ask better questions and
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to provide more convincing evidence about the va-
lidity and plausibility of a scientific explanation. For
example, if students associate light only with its
source or effects, they are unlikely to explain the
direction and formation of shadows in terms of an
obstacle blocking the passage of light but will
merely notice similarity of shape between object
and shadow, or say that the object hides the light.
Questions such as “what is the path of light?” or
“does light move?” are not likely to make sense to
these students (13).

Benchmarks (4) is one of several helpful
sources of information about the ideas that many
students have in specific topic areas: other re-
sources include Children's ldeas in Science (14)
and Making Sense of Secondary Science (15).
Project 2061 is currently developing comprehen-
sive summaries of findings from learning research
on student thinking. They include descriptions of
learners’ common ideas and likely sources of these
ideas, as well as lists of questions or tasks that can
be used to elicit students’ thinking and track their
understanding. In some cases, the research sum-
maries include not only descriptions of conceptual
but also of relevant cultural, epistemological, or on-
tological prior knowledge that may influence stu-
dent learning. (See Figure 1 for an example of a
research summary dealing with one of the ideas
that students often have related to light. Additional
examples can be found on the Project 2061 Web
site at http:/test.p2061.org/curriculum/welcome.htm.)

Recommendation #3: Take Advantage of
Instructional Strategies That Work

Just as there are established methods for mak-
ing a presentation compelling, persuasive, and
memorable for professional and other adult audi-
ences, so too are there strategies—supported by
research—for engaging young students with ideas
and helping them to understand and retain the most
important concepts. In conducting our textbook
evaluation studies (4), we developed a set of crite-
ria for judging the quality of each textbook’s instruc-
tional design. Derived from research on effective
teaching and learning, these criteria can also pro-
vide some insights on the kinds of activities and
materials being developing for outreach in elemen-
tary level classrooms. Although there are more than
20 criteria (Figure 2) that were applied to the text-
books covered by our studies, we've streamlined
the process and provided some questions below
that highlight the essence of the criteria that are
likely to be the most relevant to outreach efforts
designed for K-6 students. By answering these
questions in the context of specific outreach activi-
ties and materials—and modifying them as
needed—outreach developers can add significant
educational value to their efforts.

If an activity involves a demonstration or hands-on
activity, does it use a relevant phenomenon to help
make an important scientific idea plausible fo stu-
dents? Will the activity be comprehensible to stu-
dents, given their grade level and prior experi-
ences? Can students make the connection be-
tween the phenomenon and the main idea in a small
number of steps and using reasoning skills that are
appropriate for their age? Does the activity require
complicated and time-consuming set-up, calcula-
tions, or other procedures that might distract stu-
dents from the most important ideas? (See Figure
3 for an example of a phenomenon that is often
used to help students understand the grades K-2
learning goal that the sun appears to move slowly
across the sky (4). The example also includes com-
mentary from Project 2061 on strengths and weak-
nesses of this phenomenon when used with stu-
dents at different grade levels.)

If an activity or material includes representations
of real-world objects or events (for example, draw-
ings, diagrams, graphs, images, analogies and
metaphors, moaels and simulations, or role-play-
ing), are they accurate and likely to be comprehen-
sible to the student audience ?Will students be able
to distinguish between real-world objects or events
and symbolic entities? Does the activity or mate-
rial make clear which aspects of an object or event
are represented and which are not?

Does the activity or material include questions that
can help students make sense of what they have
experienced or read about?Are there questions that
can help introduce students to the important scien-
tific, mathematical, or technical ideas or issues and
relate those to the scientific phenomena or repre-
sentations they have experienced through the ac-
tivity or material? Are there questions that ask stu-
dents to explain their own ideas about the real-world
objects or events they've just seen or experienced?
Are the questions likely to make sense to students
who have never studied a particular topic and are
not familiar with the scientific vocabulary? For ex-
ample, asking “What do you think will happen if we
let go of this ball? Why do you think this will hap-
pen?”is more comprehensible to students who have
not studied gravity than asking “What is the effect
of gravity on this ball?” Are there questions that
encourage students to relate their own ideas to the
scientific ideas?

Conclusions

The challenge for teachers and for scientists
and engineers who want to support them is finding
effective resources that are well aligned with leamn-
ing goals. To help meet that need, Project 2061 is
identifying, developing, and making available a
collection of resources that can be used to create
outreach activities and materials that focus on ideas
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that are important for science literacy and that meet
Project 2061’s criteria for instructional quality. Made
possible by a grant from the National Science Foun-
dation (NSF), the collection includes reference tools
(e.g., summaries of research on how students think
about natural phenomena and ideas in science) that
inform the work of curriculum materials developers
and teachers, and building blocks (e.g., activities,
photographs, diagrams, sets of questions, and ex-
amples of phenomena that demonstrate particular
scientific ideas) that can be incorporated into out-
reach activities and materials. Available online, the
collection will allow users to click on the text of a
learning goal and access the various resources that
are linked to it. Extensive hyperlinks will relate re-
sources to each other.

Information about this and other Project 2061
activities can be found on our Web site at
www.project2061.org (see our home page in Fig-
ure 4). The site includes the full text of Project
2061’s Science for All Americans and Benchmarks
for Science Literacy (along with many other Project
2061 publications). The chapters on historical per-
spectives and common themes may be especially
fruitful sources of ideas and inspiration for planning
outreach. For those who would like more details
on Project 2061’s approach to the analysis of sci-
ence and mathematics curriculum materials, the
Web site also includes extensive explanations of
the analysis criteria and examples drawn from a
variety of materials showing instances of meeting
and not meeting the criteria. Other standards docu-
ments and a wealth of additional background infor-
mation on science literacy, along with links to the
Web sites of more than 400 science centers world-
wide can be found at www.ScienceEverywhere.org,
a site developed in partnership with TryScience.org.

Taking advantage of the knowledge and expe-
rience that already exists can help make outreach
efforts—whether they involve classroom demon-
strations, experiments, and hands-on activities or
lesson plans, kits, booklets, software, or other in-
structional materials—more effective for the devel-
oper, for teachers, and, most important, for the stu-
dents.
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Research Summary: ldeas Students Have about Light

Students may think that light helps us see a shadow that is always there, or that light causes
an object to produce, cast, or push a shadow out of an object

Shadows are formed when an object blocks the path of traveling light. In contrast, students may
speak of shadows as if they were the presence of something that has material characteristics (as
opposed to the absence of light), or may describe shadows as “images,” “pictures,” or “reflections”
that are the same shape as and look like the object (13, 16). As a result, students may not accept
that a shadow is formed behind an object if a light source is placed directly in front of the object. If
students count shadows as dark images that look like the object, then an amorphous black spot
does not count as a shadow (17).

Students may have alternative explanations for how shadows are formed:

a. They may think that shadows are always present but that light is needed to see them (“It’s
there at night. You just can’t see it”) or

b. They may think that light causes an object to produce/cast a shadow or that light pushes the
shadow out. Students describe shadows as shot out by objects when triggered by light (“When
light hits an object, the object reflects the shadow”), or even as actively pushed by light
(“Light pushes the shadow like a wave pushes a ball in water”) (16).

Use of the terms “reflection” and “reflect” in students’ descriptions and explanations of shadows
does not necessarily mean that students think that shadows form by light bouncing off objects.
Students often use the term “reflection” loosely to describe the similarity of form between the object
and the shadow. Similarly, students often appear to use the verb “reflect” synonymously with “hit,”
“move,” and “project” without any reference to light bouncing off or changing direction. Students’
statements such as “the sun reflects your shadow on the ground,” “when light hits an object, the
object reflects the shadow,” or even “the light reflects off you and bounces down there to make the
shadow” need to be probed further to ascertain whether the idea “shadows are formed by light
hitting the object and changing direction” is underlying these responses. Students may correctly
predict the relative location of the light source, object, and shadow but account for the formation of
shadows using one of the alternative explanations. For example, some students predict the correct
location of a shadow but believe that light pushes the shadow out of the object. Furthermore, some
students refer to objects blocking light and causing shadows, but their use of the term “blocking”
indicates a belief that when light is blocked by an object, a shadow is forced out (17).

Likely Sources of Student Ideas

The shadows we see under usual circumstances when we stand on the pavement in the sun are
caused by objects that are far from the light source and close to the screen (the surface on which the
shadow forms). In these cases, the shape of the shadow is indeed the same as the shape of the
object. Probably for this reason we ascribe the shadow to the object; we speak of “its” shadow or
“our” shadow in the possessive. Furthermore, we say the object casts its shadow as if it were throw-
ing out something previously held within it. Children’s literature reinforces this view: Peter Pan’s
shadow has Peter Pan’s shape, it moves around with him constantly, and is material enough that
Wendy can sew it back on when it accidentally becomes detached (16).
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Project 2061 Criteria for Evaluating
the Quality of Instructional Support in Textbooks

The criteria are organized in seven categories, each of which focuses on a specific aspect of instructional support.

l. Providing a Sense of Purpose

This category consists of criteria for determining whether the curriculum material attempts to make its
purposes explicit and meaningful to students, either in the student text itself or through suggestions made
to the teacher. The sequence of lessons or activities is also important in accomplishing the stated pur-
pose, since ideas often build on each other.

Conveying unit purpose. Does the material convey an overall sense of purpose and direction that
is understandable and motivating to students?

Conveying lesson/activity purpose. Does the material convey the purpose of each lesson or
activity and its relationship to others?

Justifying lesson/activity sequence. Does the material involve students in a logical or strategic
sequence of lessons or activities (versus being just a collection of lessons or activities)?

Il. Taking Account of Student Ideas

Fostering understanding in students requires taking time to attend to the ideas they already have, both
ideas that are incorrect and ideas that can serve as a foundation for subsequent learning. This category
consists of criteria for determining whether the curriculum material contains specific suggestions for iden-
tifying and addressing students’ ideas.

Attending to prerequisite knowledge and skills. Does the material specify prerequisite knowledge/
skills that are necessary to the learning of the key ideas?

Alerting teachers to commonly held student ideas. Does the material alert teachers to com-
monly held student ideas (both troublesome and helpful), such as those described in Benchmarks
for Science Literacy, Chapter 15: The Research Base (4)?

Assisting teachers in identifying their students’ ideas. Does the material include suggestions
for teachers to find out what their students think about familiar phenomena related to the key ideas
before the scientific ideas are introduced?

Addressing commonly held ideas. Does the material attempt to address commonly held student
ideas?

lll. Engaging Students with Relevant Phenomena

Much of the point of science is to explain phenomena in terms of a small number of principles or ideas. For
students to appreciate this explanatory power, they need to have a sense of the range of phenomena that
science can explain. The criteria in this category examine whether the curriculum material relates impor-
tant scientific ideas to a range of relevant phenomena and provides either firsthand experiences with the
phenomena or a vicarious sense of phenomena that are not presented firsthand.

Providing variety of phenomena. Does the material provide multiple and varied phenomena to
support the key ideas?

Providing vivid experiences. Does the material include activities that provide firsthand experiences
with phenomena when practical or provide students with a vicarious sense of the phenomena when
not practical?

IV. Developing and Using Scientific Ideas
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Science literacy requires that students understand the link between scientific ideas and the phenomena
that they can explain. Furthermore, they should see the ideas as useful and become skillful at applying
them. This category consists of criteria for determining whether the curriculum material expresses and
develops the key ideas in ways that are accessible and intelligible to students, and that demonstrate the
usefulness of the key ideas and provide practice in varied contexts.

Introducing terms meaningfully. Does the material introduce technical terms only in conjunction
with experience with the idea or process and only as needed to facilitate thinking and promote effec-
tive communication?

Representing ideas effectively. Does the material include accurate and comprehensible represen-
tations of the key ideas?

Demonstrating use of knowledge. Does the material demonstrate/model or include suggestions for
teachers on how to demonstrate/model skills or the use of knowledge?

Providing practice. Does the material provide tasks/questions for students to practice skills or to
use knowledge in a variety of situations?

V. Promoting Students’ Thinking about Phenomena, Experiences, and Knowledge

Engaging students in experiences with phenomena (category Ill) and presenting them with scientific ideas
(category IV) will not lead to effective learning unless students are given time, opportunities, and guidance
to make sense of the experiences and ideas. This category consists of criteria for determining whether the
curriculum material provides students with opportunities to express, think about, and reshape their ideas,
as well as guidance on developing an understanding of what they experience.

Encouraging students to explain their ideas. Does the material routinely include suggestions for
having each student express, clarify, justify, and represent his or her ideas? Are suggestions made
for when and how students will get feedback from peers and the teacher?

Guiding student interpretation and reasoning. Does the material include tasks and/or question
sequences to guide student interpretation and reasoning about experiences with phenomena and
readings?

Encouraging students to think about what they have learned. Does the material suggest ways to
have students check and reflect on their own progress?

VI. Assessing Progress
This category consists of criteria for evaluating whether the curriculum material includes a variety of aligned
assessments that apply the key ideas taught in the material.

Aligning assessment to goals. Assuming a content match between the curriculum material and a
key idea, are assessment items included that match the same key idea?

Testing for understanding. Does the material include assessment tasks the require application of
ideas and avoid allowing students a trivial way out, like using a formula or repeating a memorized
term without understanding it?

Using assessment to inform instruction. Are some assessments embedded in the curriculum
along the way, with advice to teachers as to how they might use the results to choose or modify
activities?

Figure 2 (cont.).
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VIl. Enhancing the Science Learning Environment

The criteria in this category provide analysts with the opportunity to comment on features that enhance
the use and implementation of the curriculum material by all students. For this category, the reviewers
used criterion-specific ratings in lieu of the general ratings used for categories | through VI.

Providing teacher content support. Does the material help teachers improve their understanding
of science, mathematics, and technology as is necessary for teaching the material?

Encouraging curiosity and questioning. Does the material help teachers to create a classroom
environment that welcomes student curiosity, rewards creativity, encourages a spirit of healthy ques-
tioning, and avoids dogmatism?

Supporting all students. Does the material help teachers to create a classroom community that
encourages high expectations for all students, that enables all students to

experience success, and that provides all different kinds of students with a feeling of belonging in the
science classroom?

Figure 2 (cont.).
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ACurriculum Components - Microsoft Internet Explorer
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Phenomena/Activities

A variety of phenomena are included
for each key idea. Phenomena can be
used in numerous ways for instructjs

plausible.

Brief Descriptions

Brief descriptions and purposes are
included for all phenomena. These
entries may be elaborated by
curriculum developers, teachers, and
researchers into student activities,

and full lesson plans. In addition to
the brief descriptions, detailed
descriptions of selected phenotena
are included. (See example at right),

Critiques of Popular Phenomena
using the Project 2061 criteria for
the analysis of curriculum materials.
The critiques illustrate why one

effective than another.

§
.

Expand All| Collapse

and assessment to make the keyAGeas M

inferview questions, assessment items,

Some popular phenomena are critiqued

phenomenon may be more efficient or

Phenomena/Activities
Shadows from Fixed Pole in Sunlight

Brief Description: Over the course of a day, the
direction and length of a shadow cast by a fixed
pole changes, On several consecutive days, the
shadows cast by a fixed pole will be in approxi-
mately the same places at the same times,

Purpose:The purpose is to infer the generalization |
that the sun changes position across the skyand g s
does 5o in the same manner every day by relating 5 i
the positions of the shadows to the changing
position of the sun,

This phenomenon supports the key idea through
the following chain of inferences. From the ”
hanging position and length of the shadows cast =
during the day, we infer the changing positions of
the sun across the sky. The same pattern of
changing shadows cast by a fixed pole occurs .
every day. From this, we infer that the sun changes
position across the sky every day.

Toinfer the position of the sun in the sky from the shadows cast by a fixed pole, students
may need to know that light travels in a straight line, that a shadow occurs when an
object blocks the path of the traveling light from the sun, and how the relative position
of alight source and an object determines where the object’s shadow will form. These
ideas are quite sophisticated for grades K-2 students. Benchmarks for Science Literacy does
not expect that students will know these ideas until grades 3-5 (see key idea that Light
travels). Therefore, this phenomenon is complex for students due to the amount of time and
additional knowledge required. Other phenomena may be more efficient and effective.
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