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Translating Standards to Practice: A Teacher’s Guide to
Assessment of the Alaska Science Standards were developed
by Alaska educators and members of the business, native,
and scientific communities to help promote scientific
literacy and understanding for Alaska science students. As
such, they were written to enhance, complement, and
integrate the Alaska Science Content Standards and the
Alaska Standards for Culturally Responsive Schools to further
education in the sciences. These standards borrow heavily
from the National Science Education Standards (NRC, 1995)
as well as the Benchmarks for Science Literacy (AAAS, 1993)
and are intended to help teachers provide students with an
integrated and comprehensive understanding of science.

Introduction

Additionally, they were written to help enhance student
understanding of Alaska culture, including the traditional
and the scientific, and how they relate to one another.
Teaching how the traditional and scientific relate to one
another, through the use of Translating Standards to Practice:
A Teacher's Guide to Assessment of the Alaska Science
Standards, can provide an exciting and educational process
that will invoke a sense of pride and self confidence in
both students and teachers. The standards were developed
collaboratively by the Alaska State Department of Education
& Early Development and the Alaska Rural Systemic
Initiative, with funding generously provided by the National
Science Foundation.

Purpose

In 1994 the Alaska Science Content Standards were published
with the goal of defining what students should know and
be able to do in science by the time they complete their
K-12 public education experience. These guidelines
elaborate the expectations regarding student achievement
and explain how well students should understand important
scientific concepts and skills and how they relate to the
environment around them. Corresponding assessments,
supporting classroom ideas, and samples of student work
were added to show how they might fit in a curriculum.
These illustrate what meeting the standard may look like in
the classroom. The sample assessments, which are in
measurable terms, with a scoring guide, have been provided.
The assessments can then be used to provide feedback to
the students about how well they are meeting expectations.
The assessments are also feedback to educators about how
well their students are learning and how well they are
meeting the Alaska Science Content Standards. It is

important to note that these guidelines, assessments, and
procedures were written illustratively—as ideas—not
mandates. It should also be understood that this document
is intended to help provide guidance to districts through
the examples provided as they make choices regarding which
standards to focus on at various benchmark age levels, as
well as what aspects of the standards are focused on and
when. The standards were written to reflect the diversity
and richness of Alaska that makes teaching Alaskan students
so exciting. Therefore, teachers may use them as guidelines
for writing their own performance assessment activities or
simply as examples to better understand particular aspects
of the content standards at benchmark age levels. The
standards were written to provide ideas relating to the
wisdom of the cultural traditions of the Elders as well as
the technological advances of the scientific community,
bridging the gap between science and cultural practices to
make learning more fun and appealing.
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About This Document

This document presents an expanded view of the content
standards for Alaska students. Performance standard
statements have been written at each benchmark age level
(5-7,8-10, 11-14, 15-18). However, this document is really
a “sampler” as examples of the expanded performance
assessments, corresponding procedures, scoring guides, and
in a very few cases, sample mini-units (elaborated classroom
units), are provided for only a portion of the Alaska Science
Content Standards—A, B, C, and D. The schematic shown
below and “definitions” of the components of the document
illustrate how the document is organized. The electronic
version can be accessed via the Alaska Native Knowledge
Network website at http://www.ankn.uaf.edu. Cross
references to other pertinent Alaska standards, as well as
to the National Research Council’s National Science Education
Standards and the American Association for the

Advancement of Science’s Benchmarks for Science Literacy,
have been provided to show connections and further
illuminate the intention of the Alaska Science Content
Standards.

This document does not provide a list of mandated
understandings and skills. The content standards provide a
broad overview of essential learnings. The four domains
described in the A, B, C, and D statements are elaborated
by the key elements and describe what we agree are essential
to the discipline and should be learned by all students in
Alaska. The specific dimension of the content standards
that should be taught and the performance to show mastery
are the choice of the district, community, school, or
classroom, not the document. This document is a guide for
making the choice at the local level.

Definitions

Content Standard
What Alaskans want students to know and be able
to do as a result of their public schooling.

Key Element
An important focus within a content standard.

Performance Standard
An example of how students at a specific age level
demonstrate proficiency and understanding of a
content standard focus (key element).

Sample Assessment Idea
A potential task designed to assess a student's
proficiency and understanding of a performance
standard.

viii

Expanded Assessment Idea
A sample assessment idea elaborated to include
procedure, reflection and revision, and level of
performance.

Procedure
Step-by-step instructions to guide the
implementation of an expanded assessment idea.

Reflection and Revision
A final step of procedure, which represents a
collection of brief ideas or methods, intended to
strengthen, clarify, and improve student
understanding and proficiency.

Level of performance
A task-specific scoring guide used to assess how well
students meet the performance standard.



Why was Translating Standards to Practice: A Teacher’s
Guide to Assessment of the Alaska Science Standards
document written?

It was prepared to:

e elaborate the Alaska Science Content
Standards to more fully explain what students
need to know and are able to do;

< help guide curriculum development in schools
and districts;

« provide sample developmentally appropriate
activities for each standard;

e provide educators with innovative
performance assessment activities.

What are Performance Standards?
Performance standards define the nature of the
evidence and quality to which a student understands
the content standards.

What makes performance standards different from

content standards?
The content standards are designed to broadly define
what scientific concepts, skills, and applications are
to be taught in Alaska’s schools, whereas these
guidelines are more detailed definitions of how well
students need to know the science and what they
ought to be able to do with that knowledge.

What are performance assessments?
Performance assessments help define how well
students:
e understand science;
< show what they can do;
< relate science to society;
e communicate knowledge
by providing performance opportunities for students
to demonstrate their understanding.

Why should | use performance activities with my
students?
« To document student progress in meeting the
Alaska Science Content Standards.
< To help students become accountable for their
learning.
= To provide opportunities for students to learn
by “doing.”
< To give students a variety of opportunities to
show that they can “meet” the content
standards.

What if | can’'t use a particular performance
assessment in my classroom?
The performance assessments were written as sample
suggestions. You may use them as models for writing
your own performance assessment activities.
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~~ \ Alaska Science

»  Key Element Al

Level 1
A student who meets the content standard should understand models describing the
= nature of molecules atoms, and sub-atomic particles and the relation Hthe models to
T, the structure and behavior & matter (Structure o Matter).

Performance Standard Level 1, Ages 57

Students use models to represent structures and identify different scale relationships

Sample Assessment Ideas

e Students use blocls to build models d fruits, vegetables animals, and so on, to illustrate that objects may
be made of small parts that do not resemble the final object.

e Students examine feathers, fur, and fish scales by eye with a magnifying glass and with a microscope;
report observations in terms 6 similarities and differences; report how these things may be useful to the

animal.

Expanded Sample Assessment Idea

e Students observe various kinds &fabric with a hand lens; describe what they have seen to an adult; create
a model that shows their observations bthe structure d the fabric.

Procedure

Students will:

1.

Select a fabric (cotton, linen, wool, nylon mesh, burlap,
etc.); observe the fabric with the naled eye; draw a
picture o the fabric; describe the &bric to an adult.

Observe the fbric with a hand lens; draw a picture 6
the fabric; describe the #bric to an adult.

Observe the fbric with a microscope; draw a picture
of the fabric; describe the &bric to an adult.

Design and build a model that represents the dbric
observations (Useful craft materials might include
paper, additional fabric samples styrofoam, weaving
materials, pipe cleaners yarns, threads, ropes or strings
of various diameter)

Reflection and Revision

Describe how the model represents the observations
Describe similarities and differences in the variousabrics

observed by classmates What fabric would be good br

soaking up water? For making a piece & fancy clothing?

For carrying fish back to your house? What did you see in
the magnified fbric that helped you decide?

Levels of Performance

Stage 4

=l g
. il

Stage 3

Student work is complete correct, and shows
evidence d logical reasoning. The completed
model is detailed and accurately represents
several observations ¢ the magnified fbric

sample. Student explanations d the model and

how the fabric can be used show multiple
examples of transfer and extension o knowledge

They include several @amples of similarities and

differences in the &brics examined by the class
as well as detailed descriptions that relate the
magnified view d fabric to its possible uses

Student work shows evidence blogical reasoning
but may contain minor errors or omissionsThe
completed model is detailed and represents
observations d the magnified fibric sample
Student explanations o the model and how the
fabric can be used show eamples of transfer
and extension o knowledge They include at
least one similarity and one difference in the
fabrics examined by the class as well as a
description d how the structure d a fabric
relates to how it might be used.

L1-3



Stage 2 Student work shows limited evidence
gt knowledge transfer or gtension and may contain

errors of science fact and reasoning. The
completed model may contain evidence bskilled
craftsmanship but may be incomplete incorrect
or lack detail.

Stage 1  The completed models and &planation are
largely incomplete or incorrect and show little
or no evidence d knowledge relating models

and scaled structures to objects and their uses

Standards Cross-References

National Science Education Standards

Objects have many observable propertiesincluding size
weight, shape color, temperature, and the ability to react
with other substances Those properties can be measured
using tools such as rulers balances, and thermometers
(Page 127)

Objects are made d one or more materialg such as paper,

wood, and metal. Objects can be described by the properties

of the materials from which they are made and those
properties can be used to separate or sort a groupfoobjects
or materials. (Page 127)

L1-4

Benchmarks

Objects can be described in terms bthe materials they are
made of (clay, cloth, paper, etc.) and their physical
properties (color size, shape, weight, texture, flexibility
etc.) (Page 76)

Some kinds of materials are better than others ér making
any particular thing. Materials that are better in some ways
(such as stronger or cheaper) may be worse in other ways
(heavier or harder to cut). (Page 188)

Many of the toys children play with are li& real things only
in some ways. They are not the same size are missing many
details, or are not able to do all ¢ the same things (Page
268)

A model of something is different from the real thing but
can be used to learn something about the real thing. (&ge
268)



~~ \ Alaska Science
» Key Element A2

A student who meets the content standard should understand the physical, chemical,
and nuclear changes and interactions that result in observable changes in the properties
of matter (Changes and Interactions & Matter).

Performance Standard Level 1, Ages 5-7

Students observe physical properties Hsubstances and observe that a substance maintains many bthe same properties

whether it is big or small.

i
Sample Assessment Ideas
e Students use a magnifying glass to observe an object (piecefopaper, wood); cut the object into smaller
pieces; observe the smaller pieces under a magnifying glass; recognize and describe similarities
e Students observe and recognize the similarities in iron as itxets in different places (e.g. a nail, a
guardrail, a hammer head); using hardness reaction to a magnet, rusting over time or density tests
Expanded Sample Assessment ldea
e Students observe different shapes and sizes bcandle wax; determine properties 6 candle wax.
Procedure before and after melting observations 6 the
Students will: candle wax (color, hardness, and den5|t)_/).
. . . Explanations d physical changes and physical
1. Observe a variety d properties d the unlit candle eg. properties are correct and show no evidence fo
color, _feel (hard_ness), does it float or sink_ in. water? misconceptions
(density); describe and draw observations in journal. .
] o ) Stage 3  Student work shows evidence & knowledge
2. O_bserve an adult light the candle; drip the wax into = related to physical properties & common
dlfferer_1t_shape molds (these can be made earlier as an T substances Multiple journal entries record most
art activity); remove wax from molds when wax cools before and after melting observations  the
and hardens. candle wax (color, hardness, and density).
3. Observe the new wax pieces using the same tests as Explanations d physical changes and physical
above; record observation in journal. properties may contain minor errors or omissions
i o but show no evidence & misconceptions
Reflection and Revision Stage 2 Student work is incomplete and shows limited
Think, discuss and report—what changes did the candle - ot evidence d knowledge related to physical
go through? Were the properties ¢ the new small wax molds properties o common substances Journal
different from each other or from the original candle? What entries may be limited in number or show
does this tell about the liquid and solid wax? evidence d misconceptions related to the
changes in the properties 6 candle wax after
Levels of Performance melting.
Stage 4  Student work is completg correct, and shows Stage 1  Student work is mostly incomplete or shows
= detailed evidence d knowledge related to == evidence d multiple misconceptions related to
physical properties ¢ common substances the physical properties and physical changes
Multiple journal entries accurately record all of common substances
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Standards Cross-References

National Science Education Benchmarks
Materials can exist in different states—solid, liquid, and Things can be done to materials to change some ftheir
gas. Some common materialg such as water, can be changed properties but not all materials respond the same way to
from one state to another by heating or cooling. (&ge what is done to them. (Rage 76)

127)
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Alaska Science
Key Element A3

A student who meets the content standard should understand models describing the
composition, age and size of our universg galaxy, and solar system and understand that
the universe is constantly moving and changing (Universe).

Performance Standard Level 1, Ages 57

Students make observations d the daytime and nighttime sky over a period btime and chart the movement & objects

Sample Assessment Ideas

e Students draw a picture that compares day and night positionsfathe sun and moon from a window in their
homes.

Expanded Sample Assessment Ideas

e Students chart movements & the sun and the moon from the classroom.

Procedure Level of Performance

Students will: Stage 4  Student work is detailed and correctly labeled.

1. Select a window in their classroom or school where| = = Student work shows detailed evidence b
extension d knowledge by correctly predicting

they can identify the position 6the sun and the moon. ' -
. . . location of the sun and the moon later in the
2. Draw and label at least six pictures 6 the window with day
the changing position & the sun and the moon between '

the hours of 9 a.m. and 4 p.m. Stage 3  Student work is detailed or correctly labeled.

3 sh ict in class: di t d ch poas Student work shows some evidence bextension
' are pIctures n class, discuss patterns and changes - Of knowledge by predicting location bthe sun
observed; identify east and west on the picture

or moon later in the day.
4. Consolidate the student work to create a sun and moon

. Stage 2  Student work is incomplete incorrect or lacls
location chart br that day. g plete

- detail. Student work shows limited evidence fo

: s = extension o knowledge to a new situation
Reflection and Revision ) Student work contains inaccuracies or
What could you do to male your drawings a more eact misconceptions about the movement bthe sun

picture of the location d the sun and the moon? Draw a and moon in the sky.
gl(;tLro:e that predicts where the sun and the moon will be at Stage 1 Student work shows little or no evidence ©

- understanding how the sun and moon move in
the sky. Pictures may show craftsmanship but
the work is mostly incomplete incorrect, and
contains misconceptions
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Standards Cross-References

National Science Education Standards

An objects motion can be described by tracing and
measuring its position over time (Page 127)

Objects in the sky have patterns ® movement. The sun, br
example, appears to move across the sky in the same way
every day, but its path changes slowly over the seasons
The moon moves across the sky on a daily basis much li
the sun. The observable shape & the moon changes from
day to day in a cycle that lasts about a month. (Rge 134)

The sun, moon, stars clouds, birds, and airplanes all have
properties locations and movements that can be observed
and described. (Page 134)

L1-8

Benchmarks

There are more stars in the sky than anyone can easily
count, but they are not scattered evenlyand they are not
all the same in brightness or colar(Page 62)

The sun can be seen only in the daytimgbut the moon can
be seen sometimes at night and sometimes during the day.
The sun, moon, and stars all appear to move slowly across
the sky. (Page 62)

The moon lools a little different every day but looks the
same again about every bur weels. (Page 62)



~~ \ Alaska Science
» Key Element A4

A student who meets the content standard should understand observable natural events
such as tides weather, seasons, and moon phases in terms d the structure and motion
of the Earth (Earth).

Performance Standard Level 1, Ages 5-7

Students observe natural events and identify patterns in the weather and the seasans

=
Sample Assessment Ideas
e Students work with their classmates to chart the weather on a daily calendar
e Students identify the difference between day and night, summer and winter in their community.
Expanded Sample Assessment Idea
e Students keep a daily journal identifying weather patterns across seasons
Procedure language to describe the weather in detail.
Students will: Student drawing, graph, and_ explanatio_n are
) ) accurate and each shows evidence © higher-
1. Learn weather-related words and phrases in English level thinking. Student eplanation shows
and Native languages including terms to describe the evidence o extension o knowledge through
weather (wind direction, wind speed, cloud typecloud detailed predictions
cover, temperature, seasons and so on). .
] ) ] o Stage 3  Student work is generally correct, but may
2. Discuss the weather with Elders including indigenous - contain minor errors or omissionsStudent uses
sayings related to the weather =~  appropriate terms in more than one language
Take turns identifying weather conditions to describe the weatherStudent drawing, graph,

and explanation are accurate Student’s
prediction is correct, but may lack detail.

Draw or write observations on the classroom chart.
Continue to chart the weather with the classdr several

months. Stage 2 Student attempts to use more than one language
o] to describe the weather although several d the
Reflection and Revision terms may be incorrect or inappropriateStudent

drawing, graph, or eplanation may be
incomplete incorrect, or lack detail. Student
work may contain misconceptions and errors
science fact and reasoning.

Use the weather chart to mak a graph of the number o
inside recess and outside recess days What information
from the weather chart did you use to help you decide if it
was an inside recess day or an outside recess day? Draw a
picture that predicts the weather dr the following week. Stage 1 Although the work may be on topicthe student

Explain how you used inbrmation in the weather chart to - USES incprrect terms in one or bOth languages
make your prediction. to describe the weatherStudent drawing, graph,

and explanation are largely incomplete

Level of Performance incorrect, and show little or no evidence fo

. understanding weather and weather patterns
Stage 4  Student work is complete and correct. Student g P

- b= USES appropriate terms in more than one
. il
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Standards Cross-References

National Science Education Standards

Weather changes from day to day and over the seasons
Weather can be described by measurable quantitiessuch
as temperature, wind direction and speed, and precipitation.
(Page 134)

Objects in the sky have patterns ®movement. The sun, br
example, appears to move across the sky in the same way
every day, but its path changes slowly over the seasons
The moon moves across the sky on a daily basis much li
the sun. The observable shape & the moon changes from
day to day in a cycle that lasts about a month. (Rge 134)

L1-10

Benchmarks

The moon lools a little different every day but looks the
same again about every bur weels. (Page 62)

Some events in nature have a repeating pattern. The weather
changes from day to day but things such as temperature

and rain (or snow) tend to be high, low or medium in the

same months every year (Page 67)

Water can be a liquid or a solid and can go back and drth
from one form to the other If water is turned into ice and
then the ice is allowed to melt, the amount bwater is the
same as it was before freezing. (Page 67)

Water left in an open container disappearsbut water in a
closed container does not disappear(Page 67)



Alaska Science
Key Element A5

A student who meets the content standard should understand the strength and effects
of forces of nature, including gravity and electromagnetic radiation (ForcesfdNature).

Performance Standard Level 1, Ages 57

Students show how objects can be moved without being touched, and how shadows arerfned by light.

Sample Assessment Ideas

e Students demonstrate that they understand that objectsafl to the ground if support is withdrawn.

e Students describe the pushing and pullingdices of magnets on one another and on different objects

e Students predict the direction and shape ©a shadow of an object illuminated from one side by a lamp or

by the sun.

Standards Cross-References

National Science Education Standards

Light travels in a straight line until it strés an object.
Light can be reflected by a mirrgrrefracted by a lens or
absorbed by the object. (Rge 127)

Electricity in circuits can produce light, heat, sound, and
magnetic effects Electrical circuits require a complete loop
through which an electrical current can pass(Page 127)

Magnets attract and repel each other and certain kinds fo
other materials (Page 127)

Benchmarks
The sun warms the land, air and water (Page 83)

Things near the Earth &ll to the ground unless something
holds them up. (Page 94)

Magnets can be used to male some things move without
being touched. (Rage 94)
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Alaska Science
Key Element A6

A student who meets the content standard should understand thatofces of nature
cause different types & motion, and describe the relationship between theseofces and
motion (Motion).

Performance Standard Level 1, Ages 57

Students observe and record changes in an object’position and motion when applying a push or pull.

=
Sample Assessment Ideas
e Students describe or demonstrate the pushes or pulls that can be used to move an object through a simple
maze.
e Students explain the motions d a balance or teeter-totter in terms bthe “weight” of objects placed on it.
Expanded Sample Assessment Idea
e Students build a game where marbles collide; measure the distance and direction (angle)f anarbles that
have collided.
Materials 4. Put the tray paper back in the tray.
Graph paper, tray with flat bottom, large sheets 6 paper, 5. Place one marble in the tray at the center crossing
12-inch diameter paper circlesmarbles, ruler, marking pens point; place a second marble at the edge bthe tray
along another d the lines
Procedure 6. Mark the starting position 6 the second marble
Students will: 7. Carefully roll the second marble so that it collides with
1. Cut a piece o paper large enough to fit snuglyyet lie the first marble
flat, in the bottom d the tray. Remove the paper from 8. Mark the position d both marbles when they stop;
the tray. remove the marbles from the tray.
2. Fold a 12-inch diameter circle in half and flrmly press 9. Use a marking pen to draw and label the path beach
the edge o the fold; fold in quarters eighths and marble.

sixteenths; open the circle; refld along the same lines
but in the opposite direction to help flatten theofds

s0 they do not curl the edge 6 the circle 11. Repeat steps 4-10 using a new tray paper but &ep
the same position br the second marble

10. Measure how far each marble went.

3. Put the circle in the middle 6 the tray paper; hold the ) ] o
circle flat with one hand and mark a dot on the tray | 12. Repeat steps 4-11 using a new starting position d

paper each place a bld touches the tray paper; connect the second marble

the opposite dots to create a design similar to thiskx 13. Repeat steps 4-11 using a variety & marbles (2 large,
(Each student should prepare one 6 these forms but 1 large and 1 small, marbles made d different materials
can use teacher prepared tray papersdr their additional and so on).

trials.) 14. Compare the results with others in class
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Reflection and Revision

What caused the first marble to move after the collision?
Did the repeat marble collision always get the same results
as the first collision? What would happen if the two marbles
were not the same size? If the marbles were not made b
the same material? How can you tell how much push you
gave to the second marble to start it moving? How could
you change the game so that every marble got the same
amount of push to start it moving? When you gamine the
class results is there a pattern to the motion ér different
marbles?

Levels of Performance

Stage 4  Student work is complete and shows detailed
- == evidence d the transfer and extension o
. i

knowledge related to how a push or pull changes
the position or motion @ an object. The student
creates at least bur complete sets ¢ marble

path diagrams that are clearly labeled, tests
several marble variations (size material, starting

position), and always includes the repeat
experiment. The student &amines class data,

identifies and explains patterns d motion for

different marbles and designs a method to
deliver a unibrm push for each marble roll.

Stage 3  Student work is complete and shows some
o evidence o the transfer or extension of
== knowledge related to how a push or pull changes

the position or motion @ an object. The student
creates at least two sets & marble path diagrams

that are labeled, tests several marble variations
(size, material, starting position), and includes
the repeat experiment although aspects 6 the

diagrams may be unclear The student examines

class data, identifies patterns & motion for

different marbles and designs a method to
deliver a similar push br each marble roll.

Stage 2 Student work may be incomplete and show little
- evidence d knowledge related to changes in the
B position or motion d an object. The student

creates marble path diagrams that are
incomplete or lack labels The student may
attempt to design a method to deliver a similar
push for each marble roll.

Stage 1  Student work is mostly incomplete and contains
=== Mmisconceptions related to the position or motion

of an object. Marble path diagrams if included,
are incorrect or not labeled. Atempts to design
a method to deliver a push 6r each marble roll
may be inappropriate to the game or not work.

Standards Cross-References

National Science Education Standards

The position d an object can be described by locating it
relative to another object or the badground. (Page 127)

An objects motion can be described by tracing and
measuring its position over time (Page 127)

The position and motion & objects can be changed by
pushing or pulling. The size 6 the change is related to the
strength d the push or pull. (Page 127)
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Benchmarks

Things move in many different wayssuch as straight, zigzag,
round and round, back and brth, and fast and slow. (Page
89)

The way to change how something is moving is to give it a
push or a pull. (Page 89)



~~ \ Alaska Science
» Key Element A7

A student who meets the content standard should understand how the Earth changes
because of plate tectonics earthquakes, volcanoes erosion and deposition, and living
things (Processes that Shape the Earth).

Performance Standard Level 1, Ages 57

Students observe and describe earth materials such as clay, silt, sand, rocks, and pebbles that exist in a variety of sizes,
shapes, colors, and hardness.

=
Sample Assessment Ideas
e Students dig a hole; observe and describe the different earth materials they discover
e Students test sdt and hard materials by hitting them against each other(Proper SAFETY precautions
should be used.)
Expanded Sample Assessment Idea
e Students classify a collection 6 rocks based on a variety d criteria.
Procedure Level of Performance
Students will: Stage 4  Student work is complete and shows evidence
1. Each collect at least five different local rockand bring | &= === Of logical reasoning. Student work shows

detailed evidence ¢ ability to sort and describe
earth materials using multiple characteristics
The student sorts and describes rockusing three
different characteristics Each sort cycle includes

their collection to class

2. Make a list of characteristics most commonly used to
describe the rock.

3. Sort the five roclk in their collections according to a description d the rock groupings made using
one characteristic (br example, color, size, shape, that particular characteristic Student work
hardness, or other student-selected category); describe describes in detail the sorting and irdrmation
the groups Hrmed by this sort, record results in journal. analysis processes used to sort and group earth

4. Sort the five rocls in their collections according to a materials.
new characteristic; describe the groupsofmed by this Stage 3  Student work, while generally correct, may
sort; record results in their journals ~~  contain minor errors and omissions Student

5. In groups o three, sort and describe the combined -+ Wwork shows evidence @ ability to sort and
rock collection in at least three different ways; describe describe earth materials using several
the groups d rocks they made each time they used a characteristics The student sorts and describes
new characteristic to sort them; record results in rocks using at least two different characteristics
journal. Most sort cycles include a description othe

rock groupings made using that particular
Reflection and Revision characteristic Student work describes the

sorting process and analyzes the indrmation

What characteristic was easiest to use to categorize the . ;
collected during the sorting process

rocks? Why?
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Stage 2 Student work contains errors and omissions
o Student work shows limited evidence bability

to sort and describe Earth materials Student

may not describe the sorting process or analyze

information about the rocls.

Stage 1
i

Student work is largely incomplete or incorrect
and shows little or no evidence b ability to
sort or describe earth materials

Standards Cross-References

National Science Education Standards

Earth materials are solid rock and soils, water, and the
gases of the atmosphere The varied materials have different
physical and chemical properties which make them useful
in different ways for example, as building materialg as
sources o fuel, or for growing the plants we use as éod.
Earth materials provide all d the resources that humans
use. (Page 134)

Soils have properties @ color and texture, capacity to retain
water, and ability to support the growth & many kinds of
plants, including those in our éod supply. (Page 134)

The surface of the earth changes Some changes are due to
slow processes such as erosion and weathering, and some
changes are due to rapid processes such as landslides

volcanic eruptions and earthquakes. (Page 134)
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Benchmarks

Chunks of rocks come in many sizes and shapes from
boulders to grains d sand and even smaller (Page 72)

Change is something that happens to many things(Page
72)

Animals and plants sometimes cause changes in their
surroundings (Page 72)



~~ \ Alaska Science
» Key Element A8a

A student who meets the content standard should understand the scientific principles
and models that describe the nature & physical, chemical, and nuclear reactions (Energy
Transformations).

Performance Standard Level 1, Ages 57

Students observe and describe changes in matter and identify some changes that are easily reversibbd some that are
not.

L
Sample Assessment Ideas
e Students describe how salt changes when they dissolve some in water then grow crystals back from
solution.
e Students fold paper, cut holes in paper and burn paper (Proper SAFETY precautions should be used);
describe each change as reversible or non-reversihle
Expanded Sample Assessment Idea
e  Students melt ice cubes into water; freeze the water and re-melt the ice; boil the water and neagondensate
Procedure Levels of Performance
Students will: Stage 4  Student drawings show detailed evidence D
1. Observe and describe ice cubes in a journal or during| = == knowledge about reversible changes that happen
an oral discussion. to water. Drawing #1 of the demonstration shows
. . . . what happened during each step 6 the ice to
2. Melt ice cutl)es, observe and describe the resulting water water demonstration. Drawing #2 shows another
Ina journal. way to change the brm of water other than the
3. Freeze tl_1e water; observe and describe the “new” ice process used in the classroom demonstration.
cubes with a partner Drawing #3 shows the three steps in the water
4. (Teacher does this) Boil the water; observe the steam cycle. Student explanation is correct, complete
and discuss it with the class Is steam the same as fog and shows evidence 4 logical reasoning.
or clouds? (NOTE: Yes, steam is seen when water vapor Stage 3 Student drawings show evidence b knowledge
cools and condenses into tiny droplety - about reversible changes that happen to water
. .. _— Drawing #1 of the demonstration shows what
Reflection and Revision happened during the steps @ the ice to water
Draw a picture d how the water changed. Draw a picture demonstration. Drawing #2 may show another
that shows some other ways to change the drm of the way to change the brm of water other than the
water. Draw a picture that shows how we could get the process used in the classroom demonstration.
steam to return water to the beakr. Is the substance always Drawing #3 shows two steps in the water cycle
water, even when it is solid ice or solid snow or water in a Student explanation shows evidence 6 logical
glass or water in a stream or water in a cloud or rain? Draw rea_sor_ung but may contain minor errors or
a picture that shows how water changes in the water cycle omissions
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Stage 2 Student drawings show limited evidence b Stage 1  Student drawings show little or evidence fo

- knowledge about changes that happen to water -+ knowledge about changes that happen to water
Drawings may contain evidence Hskilled artwork Drawings may be largely incomplete or incorrect
but may be incompleteg incorrect or lack detail. and show little evidence & understanding.

Standards Cross-References

National Science Education Standards Benchmarks

Materials can exist in different states—solid, liquid, and Things can be done to materials to change some Ptheir
gas. Some common materials such as water can be changed properties but not all materials respond the same way to
from one state to another by heating or cooling. (&ge what is done to them. (Rage 76)

127)
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'\ Alaska Science
» Key Element A8b

A student who meets the content standard should understand the scientific principles
and models that state whenever energy is reduced in one plagét is increased somewhere
else by the same amount (Energy Tansformations).

Performance Standard Level 1, Ages 5-7

Students observe that the sun warms the land, air and water

(L
Sample Assessment Ideas

e Students examine and describe the effects 6 direct sunlight—measure the temperatures bwater in sun
and shade; exercise in the sun and in the shade; place white and dark colored objects in a sunny spot and
feel the difference in temperature; compare the results when you repeat during another season.

e Students stand close to a hot stove or near a fire and describe what it feels &ilon the front and back @
the body. Students then slowly rotate and describe how thisxperience is similar to objects warming in
the sunshine and to the Earth as a whole

Expanded Sample Assessment Idea
e Students compile and report on temperatures near water and on land over the year
Procedure Levels of Performance
Students will: Stage 4  Student work is complete correct and shows
1. Discuss how best to get comparable irdrmation (same - detailed evidence § the transfer and extension

of knowledge relating to &ctors that influence
the sun’s heating o the Earth. Student collects
data reliably, clearly organizes the data, and
logically interprets the data to identify several
weather patterns

3 1denti ther cl this might b Stage 3 Student work is mostly complete and shows
) entify another classroom group (this mig €an e- == evidence do the transfer or extension of

mail class_room els_ewhere n Alash;) .Who will share and - knowledge relating to dictors that influence the
compare information for this activity.

sun’s heating o the Earth. Student collects and

altitude, same time of day, and so on) to track weather
patterns through the year

2. ldentify the inbrmation to be collected, such as
cloudiness temperature, wind direction, chill &ctor,
and so on.

4. Collect, compile and chart temperature reports at organizes data, and identifies patterns though
locations near water (lales or ocean) and at distances the work may contain minor errors
further from the water inconsistencies or omissions

Stage 2 Student work may be incomplete and shows

Reflection and Revision - |imited evidence d knowledge relating to

Review inbrmation; look fr patterns; discuss the patterns " \weather patterns and the fctors that influence
in terms of why the sun is heating the Earth differently at the sun's heating of the Earth. Student collects
different locations and during different seasons and organizes weather-related data but may be

unable to identify any weather patterns
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Stage 1  Student work is mostly incomplete and shows
=== misconceptions relating to the weatherStudent
may collect limited amount d data but does
not organize or interpret it in a meaningful

manner.

Standards Cross-References
National Science Education Standards Benchmarks

The sun provides the light and heat necessary to maintain The sun warms the land, air and water. (Page 83)
the temperature d the Earth. (Page 134)
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7 Alaska Science
Key Element A8c

A student who meets the content standard should understand the scientific principles
and models that state that whenever there is a trangfrmation of energy, some energy is
spent in ways that male it unavailable for use (Energy Transformations).

Performance Standard Level 1, Ages 5-7

Students observe that there are many ways to produce heat and otheifms of energy.

% Sample Assessment ldeas

e Students demonstrate and/or gplain three ways to warm hands on a cold day.
e Students list several different drms of energy and identify a source ér each in their home or community.

Standards Cross-References

National Science Education Standards Benchmarks

Heat can be produced in many ways such as burning, The sun warms the land, air and water. (Page 83)
rubbing, or mixing one substance with anotherHeat can
move from one object to another by conduction. @je 127)

Electricity in circuits can produce light, heat, sound and
magnetic effects Electric circuits require a complete loop
through which an electric current can pass(Page 127)

Sound is produced by vibrating objectsThe pitch o sound
can be varied by changing the rate © vibrations (Page
127)

The sun provides the light and heat necessary to maintain
the temperature d the Earth. (Page 134)
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Alaska Science
Key Element A9

A student who meets the content standard should understand the transfers and
transformations of matter and energy that link living things and their physical environment
from molecules to ecosystems (Flow & Matter and Energy).

Performance Standard Level 1, Ages 5-7

Students identify eamples of living and non-living things in their environment and demonstrate understanding that things
change over time

=
Sample Assessment Ideas
e Students grow a plant from a bulb (such as amaryllis tulip, or iris); observe measure, and draw accurate
pictures to record the growth changes
e Students classify a variety ¢ objects (or pictures) as living or non-living, as matter or energy.
Expanded Sample Assessment Idea
e Students care br a mealworm.
Procedure Stage 3 Student journal contains multiple entries related
Students will: s to animal ch_ange_s Data is grOL_Jped ina table
] ) ' === |Length o animal is graphed using a simple bar
1. Provide food and water for their groups’ mealworm. graph to show changes over time Descriptions
2. Measure length and observe appearance & the and comparisons d mealworms may lack detail.
mealworm at least twice a week. Stage 2  Student journal contains limited entries related
Record measurements in science journal - to animal changes Data is incomplete or is not

or organized. Graphs if present are incomplete
Descriptions d mealworms lack detail and do
not include comparisons

Graph length change vs time.

Share results with rest d class; compare growth with

the various mealworms ) ) )
Stage 1  Student journal entries are largely incomplete

Reflection and Revision -
Did all the mealworms grow the same amount?

Level of Performance

Stage 4  Student journal contains multiple detailed
- == €Ntries related to animal changes Data is
organized in a simple data table Length of
animal is graphed using a simple bar graph to
show changes over time Comparison of

mealworms is extensive and accurate
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Standards Cross-References

National Science Education Standards

Organisms have basic needs For example, animals need
air, water, nutrients and light. Organisms can survive only
in environments in which their needs can be met. The world
has many different environmentsand distinct environments
support the life d different types d organisms. (Page 129)

All animals depend on plants Some animals eat plants or
food. Other animals eat animals that eat plants (Page 129)
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Benchmarks

Plants and animals both need to tak in water, and animals
need to take in food. In addition, plants need light. (Rge
119)

Many materials can be recycled and used again, sometimes
in different brms. (Page 119)



Alaska Science
Key Element A10

A student who meets the content standard should understand that living things are
made up mostly of cells and that all life processes occur in cells (Cells).

Performance Standard Level 1, Ages 57

Students use a hand lens to observe minute details bliving things

Sample Assessment Ideas

e Students observe different parts 6plants (leaves, flowers, roots) with a hand lens; male detailed descriptions
of the appearance such as size and teture; draw magnified and unmagnified views bthe object.

e Students observe different parts 6 animals (insect wings mouthparts, legs, antennae), mammals (hair,
toenails, fingernails), fish (scales gills), or birds (feathers beaks, claws); make detailed descriptions 6
the appearance; draw magnified and unmagnified views Hbthe object.

Standards Cross-References

National Science Education Standards Benchmarks

Each plant or animal has different structures that serve Magnifiers help people see things they could not see without
different functions in growth, survival, and reproduction. them. (Page 111)

For example, humans have distinct body structures dr Most living things need waterfood, and air. (Page 111)
walking, holding, seeing, and talking. (Bge 129)

Tools help scientists malk better observations
measurements, and equipment for investigations They help
scientists see measure, and do things that they could not
otherwise seg measure, and do. (Page 138)
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Alaska Science
Key Element A1l

A student who meets the content standard should understand that similar features are
passed on by genes through reproduction (Heredity).

Performance Standard Level 1, Ages 57

Students identify similarities and differences betweenféspring and their parents

Sample Assessment Idea

e Students observe a litter & puppies; compare the young animals to each other and to their parents

e Students examine a portrait of a large family (or multigenerational fimily); list the features each child has
in common with each parent. (NGE: Use of a non-personal fimily portrait may reduce emotional turmoil

in the classroom.)

Standards Cross-References

National Science Education Standards

Plants and animals closely resemble their parents (Page
129)

Many characteristics ¢ an organism are inherited from the
parents of the organism, but other characteristics result
from an individuals interactions with the environment.
Inherited characteristics include the color foflowers and
the number o limbs of an animal. Other features such as
the ability to ride a bicycleare learned through interactions
with the environment and cannot be passed on to the né
generation. (Page 129)

The characteristics & an organism can be described in terms
of a combination d traits. Some traits are inherited and
others result from interactions with the environment. €ge
157)

Benchmarks

There is variation among individuals & one kind or within
a population. (Page 107)

Offspring are very much, but not gactly, like their parents
and like one another (Page 107)
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ecosystems (Diversity).

~~ \ Alaska Science
» Key Element Al12

A student who meets the content standard should distinguish the patternd similarity
and differences in the living world in order to understand the diversityf dife and
understand the theories that describe the importance fodiversity br species and

Performance Standard Level 1, Ages 5-7

Students sort plants and animals into groups using consistent criteria, and describe how some characteristics aoe the
survival of the plant or animal.

Sample Assessment Ideas

e Students sort 5-bean soup mix using their own criteria; draw and label how the beans were sorted; discuss
how different students use different criteria.

e Student groups collect and sort fifteen animal pictures based upon similarities or differences; create a
group poster to eplain how the animals were sorted; discuss how different animals have different
characteristics; discuss how the characteristicsfaan animal help it to survive in its environment.

Expanded Sample Assessment Idea

e Students will tale a nature walk; observe plant and animal life; collect samples folocal plants

Procedure
Students will:
1. Discuss acceptable ways to collect plants befre walk.
2. Form pairs.
3. Go on a walk accompanied by a knowledgeable adult
who will help identify plants and animals
4. Take a plastic bag with them and collect at least three
but not more than five different plants
5. Draw and label a picture d each plant collected in
their science journal. Write the plant'native or familiar
name.
6. Work with another pair d students (now each group d

four has at least six to ten plants) sort the plant samples
based upon the group$ chosen criteria. (This process
repeats with groups d eight, and so on until the whole
group is together)

Reflection and Revision

What additional ways could you sort and classify the plants
that you observed? What special characteristic do some
plants have that others do not? What special characteristics
help each plant to survive in its environment?

Level of Performance

Stage 4  Student work is complete and shows evidence
o el o of logical reasoning. Student collects and
classifies four or five plants using three or more
attributes (color size, shape, use, and so on).
Drawings are correctly labeled and show correct
color, size, and shape for each plant that was
collected and classified. Student shows several
ways that plants can be organized (in addition
to the sorting criteria used in class), and describe
several examples of plant adaptation.

Stage 3  Student work is complete but may contain minor
=== Errors or omissions Student collects and
== classifies three plants using three or more
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Stage 2

attributes (color size, shape, use, and so on).
Drawings are labeled and show colqrsize, and
shape for several of the plants that were
collected and classified. Student describes one
way that plants can be organized (in addition
to the sorting criteria used in class), and describe
at least one plant adaptation.

Student work is incomplete or incorrect. Student
collects at least two plants and attempts to

size, shape, use, and so on). Drawings show
color, size, or shape for one plant that was
collected. Student may attempt to describe how
to organize plants using a new attribute or may
repeat a description d the method used in class
Descriptions d plants and plant adaptations may
include misconceptions

Stage 1  Student work is largely incomplete and incorrect.

classify them using some plant attributes (colgr -
Standards Cross-References
National Science Education Standards Benchmarks

Each plant or animal has different structures that serve
different functions in growth, survival, and reproduction.
For example, humans have distinct body structures dr
walking, holding, seeing, and talking. (Bge 129)

Plants and animals have life cycles that include being born,
developing into adults reproducing, and eventually dying.
The details of this life cycle are different ér different

organisms. (Page 129)
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Some animals and plants are alile in the way they look and
in the things they do, and others are very different from
one another. (Page 102)

Plants and animals have features that help them live in
different environments (Page 102)

Stories sometimes give plants and animals attributes they
really do not have (Page 102)



Mini-Unit: Nature Trails

Performance
Standard A12,
Level 1

Students sort plants and animals
into groups using consistent criteria
and describe how some
characteristics are for the survival
of the plant or animal.

k4
A

~ Key Concepts and Skills

< There are similarities and differences in plants
e Plants are classified by different attributes

e Students can use the processes b science including observation, classification,
and communication.

wil  Timeline

2 weeks or longet

‘-‘ ‘
@ Abstract

This unit focuses on skills & observation and classification that need to tak place
over and over again in a child primary education. After observing, collecting, and
classifying plants bund along nature trails Students will communicate their findings
with their classmates and teacher Before this mini-unit talks place, students should
have previous &periences with sorting and classifying.

Alaska Science
Content Standard
Key Element

A student who meets the
content standard should
distinguish the patterns of
similarity and differences
in the living world in order
to understand the diversity
of life and understand the
theories that describe the
importance of diversity for
species and ecosystems.

Cross-Reference

Additional Content and
Performance Standards:
B1, B4, Math C1, Cultural
Standards A5, D2
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Materials
[J Science journal O Clip board
[0 Hand lens [0 Chart paper
[J Small plastic bag [ Pencils, colored pencils markers

\ 7/
‘ { Activities
(1

Class will take a nature walk. Prior to going on the walk, students draw what they
think they will see hear, touch, or smell on their walk. Back in the classroom after
the walk, students draw what they did seghear, touch, or smell during the walk.
They share their fvorite thing drawn and put it on chart paperHang in classroom.

Embedded Assessment
Teacher checls the students science journals when back in the classroom.

Go on a sound walk. Listen &r man-made sounds Create a sound map in
their science journal by doing thedllowing activity. Each student finds a
place to sit or stand where they are not looking at anyone els&it quietly
for 2-3 minutes. In their science journal mark with an “X” where sound
came from in relation to self (in front &, in back of, right, left, above).
Then talk about which sounds were heard and whereDo the same sound
activity again br 2 minutes Discuss again.

Go on a sight walk outside Ask a knowledgeable adult to accompany
students and help identify plantsanimals, and so on. (Try to include a
scientist and an Elder knowledgeable in natural usesfoplants.) Look for
natural things Do the following camera activity with a partnerOne student
is the camera, one student is the photographerThe photographer guides
the camera (who has lept eyes closed), to the object(s) that the observer wants the
camera to focus on. The photographer taps the camera shoulder, which is the
signal for the camera to open its lens (eyes) 6r a count of ten. Then the camera
closes its lens and the pair tak 2-3 more pictures After the pictures are takn, the
camera chooses one d the
objects focused on and draws
a picture with as much detail
as possible Partners switch
roles. After both partners are
done, find the area the picture
was drawn from and observe
how much they remembered.
Back in the classroom use
pictures for a sorting activity.
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Expanded Sample Assessment Idea

Students will tale a nature walk; observe plant and animal life;
collect samples d local plants

Procedure
Students will:
1. Discuss acceptable ways to collect plants befre walk.

2. Form student pairs; go on a walk accompanied by a
knowledgeable adult who will help identify plants and
animals.

3. Take a plastic bag with them and collect at least three
but not more than five different plants

4. Draw and label a picture d each plant collected in their
science journal. Write the plan® native or familiar
name.

5. Work with another pair ¢ students (now each group d four has at least six to
ten plants) sort the plant samples based upon the group’chosen criteria. (This
process repeats with groups 6 eight, and so on until the whole group is
together)

Reflection and Revision

What additional ways could you sort and classify the plants that
you observed? What special characteristics do some plants have
that others do not? What special characteristic helps each plant
to survive in its environment?

Level of Performance

Stage 4  Student work is complete and shows evidence d

== = |OQical reasoning. Student collects and classifiesofir
or five plants using three or more attributes (color
size, shape, use, and so on). Drawings are correctly
labeled, and show correct colarsize, and shape for
each plant that was collected and classified. Student
shows several ways that plants can be organized (in addition to the
sorting criteria used in class), and describe severalxamples of plant
adaptation.

Stage 3  Student work is complete but may contain minor errors or omissions
- Student collects and classifies three plants using three or more attributes
- (color, size, shape, use, and so on). Drawings are labeled, and show colar
size, and shape for several o the plants that were collected and classified.
Student describes one way that plants can be organized (in addition to the
sorting criteria used in class), and describe at least one plant adaptation.

Stage 2  Student work is incomplete or incorrect. Student collects at least two
- Plants and attempts to classify them using some plant attributes (colpr
=+ size, shape, use, and so on). Drawings show coloy size, or shape for one
plant that was collected. Student may attempt to describe how to organize
plants using a new attribute or may repeat a description fothe method
used in class Descriptions d plants and plant adaptations may include
misconceptions

Stage 1  Student work is largely incomplete and incorrect.
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o7 '« Standards Cross-References

National Science Education Standards

Each plant or animal has different structures that serve different functions in growth,
survival, and reproduction. For gample, humans have distinct body structures dr
walking, holding, seeing, and talking. (Bge 129)

Plants and animals have life cycles that include being born, developing into adults
reproducing, and eventually dying. The details fothis life cycle are different dr
different organisms (Page 129)

Benchmarks

Some animals and plants are alile in the way they look and in the things they do, and
others are very different from one another(Page 102)

Plants and animals have features that help them live in different environment{Page
102)

Stories sometimes give plants and animals attributes they really do not havgPage
102)



Alaska Science
Key Element A13

A student who meets the content standard should understand the theoryf matural
selection as an eplanation for evidence d changes in life brms over time (Evolution
and Natural Selection).

Performance Standard Level 1, Ages 57

Students describe organisms that once lived on Earth, but have completely disappeared.

Sample Assessment Ideas

e Students list three animals that no longer xist on Earth and three animals that now gist.

e Students watch a movie about prehistoric timesPick out three things that are not true about our Earth
today.

Expanded Sample Assessment Idea

e Students use an assortment d pictures or toys to separate animals that no longer live on Earth from those
animals that are now living on Earth.

Procedure Level of Performance

Students will: Stage 4  Student successfully sorts the animal pictures
1. Study pictures or toys ¢ animals (some that currently | = === and the new set d animals.

live on Earth and some that no longer live on Earth).
2. Inagroup, sort the animals into those currently living Stage 3 SFudent successfully sorts mo_st b the animal
=== pictures and the new set & animals.

on Earth and those no longer living on Earth. ——

i
3 _Ind|V|duaIIy sort a subset 6 5 _ar_nmal pictures or toys Stage 2 Student has limited success sorting the animal
into groups d those currently living on Earth and those

. . === pictures or the new set & animals.
no longer living on Earth; mak a poster using the S

animal pictures; discuss why they choose to put the

animals in each category. Stage 1  Student has difficulty sorting animals pictures

=== and new animals and most are incorrectly sorted.

Reflection and Revision

Given 4-5 new animal pictures or toyshow do you decide
where they should be placed in the poster?
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Standards Cross-References

National Science Education Standards

An organisms patterns o behavior are related to the nature
of that organisms environment, including the kinds and
numbers of other organisms present, the availability bfood

and resources and the physical characteristics 6 the

environment. When the environment changessome plants

and animals survive and reproduce and others die or move
to new locations (Page 129)
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Benchmarks

Different plants and animals have aternal features that
help them thrive in different kinds bplaces. (Page 123)

Some kinds of organisms that once lived on Earth have
completely disappeared, although they were something kk
others that are alive today. (Rge 123)



Alaska Science
Key Element Al4a

A student who meets the content standard should understand the interdependence between
living things and their environments (Interdependence).

Performance Standard Level 1, Ages 5-7

Students identify those things which plants and animals need in order to survive and reproduce.

Sample Assessment Ideas

e Students bring pictures & their favorite local animals to class; draw pictures bdifferent types d foods
that those animals eat and places where those animals live

e Students tell what would happen if a caribou was moved to the desert, or if a crocodile was moved to the
Arctic.

Expanded Sample Assessment Idea

e Students collect pictures 6 the types d birds found in the local area; identify the dods eaten by these
birds; group birds according to diet.

Procedure Level of Performance
Students will: Stage 4  Student work is complete correct, detailed, and
1. Collect pictures d at least three types ¢ birds found | === shows evidence d logical reasoning. Student
in the local area. demonstrates ability to group all 6 the birds

according to diet and describe birds and their

2. Discover the types 6 food used by each bird through foods in great detail

observation, reading, and discussion with parents and

Elders. Stage 3  Student work is complete although minor
. . - iNaccuracies may be present. Student
Discuss types d food eaten by each bird. == demonstrates ability to group most 6 the birds
In student groups d four, classify the birds according according to diet and describe birds and dod
to diet using a \énn diagram. lists in some detail.
5. Asaclass, discuss how the diets are different. Do these Stage 2 Student work may be incompletg show evidence
birds vary their diets according to season? - Of misconceptions or contain errors b science
. .. = fact and reasoning. Descriptions 6 birds and
Reflection and Revision food list are limited and student has difficulty
What happens to this bird when the dod becomes scarce? grouping birds

Stage 1  Student work is largely incompletg incorrect,
- Shows little evidence 6 understanding and may
contain major misconceptions
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Standards Cross-References

National Science Education Standards

Organisms have basic needs For example, animals need
air, water, nutrients and light. Organisms can survive only
in environments in which their needs can be met. The world
has many different environmentsand distinct environments
support the life d different types d organisms. (Page 129)

All animals depend on plants Some animals eat plants or
food. Other animals eat animals that eat the plants (Page
129)

Resources are things that we get from the living and non-
living environment to meet the needs and wants foa
population. (Page 140)

Some resources are basic materials such as air, water, and
soil: some are produced from basic resourcessuch as food,
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fuel, and building materials; and some resources are non-
material, such as quiet places beauty, security, and safety.
(Page 140)

The supply o many resources is limited. If used, resources
can be extended through recycling and decreased usePage
140)

Benchmarks

Animals eat plants or other animals ér food and may also
use plants (or even other animals) br shelter and nesting.
(Page 116)

Living things are bund almost everywhere in the world.
There are somewhat different kinds in different place{Page
116)



Alaska Science
Key Element Al14b

A student who meets the content standard should understand that the living environment
consists d individuals populations and communities (Interdependence).

Performance Standard Level 1, Ages 5-7

Students identify local animals that live together in groups

o
L. Sample Assessment Ideas
e Students describe the interactions within a populationfdocal animals during mating season.
e Students brainstorm a list & animals that live in groups
Expanded Sample Assessment Idea
e Students make a classroom bulletin board & local animals that live in groups
Procedure Level of Performance
Students will: Stage 4  Student collects multiple animal picturesand

1. Identify different local animals that live in groups;| e == correctly identifies the animals and different

discuss the type d group the animals live in (br group types
example, female groups mixed groups, groups with
leaders, and so on). Collect pictures (from photographs Stage 3  Student collects multiple animal pictures and
magazine, Internet) of these animals : correctly identifies most 6 the animals.
2. Post pictures on bulletin board to érm groups o -
animals. Stage 2 Student may collect multiple animal pictures but
- correctly identifies only one or two animals

Reflection and Revision

How does living in a group affect the animal? Does this Stage 1  Student may collect an animal picture and
animal live in a group all the time? Do both sges of these =+ identify it.

animals live in the group? Does the group have a leader?
Group the animals you have studied in a ¥nn diagram.
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Standards Cross-References

National Science Education Standards

Human populations include groups 6 individuals living in
a particular location. One important characteristic foa

human population is the population density-the numberfo
individuals o a particular population that lives in a given
amount of space. (Page 140)

The size of a human population can increase or decrease
Populations will increase unless otherdctors such a disease
or famine decreases the population. (Rge 140)
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Benchmarks

Animals eat plants or other animals 6r food and may also
use plants (or even other animals) br shelter and nesting.
(Page 116)

Living things are bund almost everywhere in the world.
There are somewhat different kinds in different place{Page
116)



Alaska Science
Key Element Al4c

A student who meets the content standard should understand that a small change in a
portion o an environment may affect the entire environment (Interdependence).

Performance Standard Level 1, Ages 5-7

Students listen to a story (from the past or present) that describes how a shortage or surplu$ cesources affects the survival

of plants and animals

Sample Assessment Ideas

e Students invite a parent or Elder to tell the class about the worst winter they havegerienced, and the

affect it had on local wildlife and plants

e Students describe the competing interestsboth human and wildlife during the local berry harvest.

Standards Cross-References

National Science Education Standards

An organisms patterns o behavior are related to the nature
of that organisms environment, including the kinds and
numbers of other organisms present, the availability bfood

and resources and the physical characteristics 6 the

environment. When the environment changessome plants

and animals survive and reproduce and others die or move
to new locations (Page 129)

All organisms cause changes in the environment where they
live. Some of these changes are detrimental to the organism
or other organisms whereas others are beneficial. (Rge
129)

Changes in environments can be natural or influenced by
humans. Some changes are good, some are bad, and some
are neither good nor bad. Bllution is a change in the
environment that can influence the health, survival, or

activities d organisms including humans (Page 140)

Benchmarks

Animals eat plants or other animals 6r food and may also
use plants (or even other animals) br shelter and nesting.
(Page 116)

Living things are dund almost everywhere in the world.
There are somewhat different kinds in different place{Page
116)
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-\ Alaska Science
» Key Element A15

A student who meets the content standard should use science to understand and describe

— : the local environment (Local Knowledge).

Performance Standard Level 1, Ages 5-7

Students identify local landérms and resources

Sample Assessment Ideas

e Students name local landbrms and landmarks (mountains, river systems).

e Students make a bulletin board or poster identifying local plantsanimals, and the locations where they

can be found.

e Students construct landbérms out of clay or paper maché.

Standards Cross-References

National Science Education Standards

Organisms have basic needs For example, animals need
air, water, and food; plants require aif water, nutrients
and light. Organisms can survive only in environments in
which their needs can be met. The world has many different
environments and distinct environments support the life
of different types d organisms (Page 129)

Plants and animals have life cycles that include being born,
developing into adults reproducing, and eventually dying.
The details o this life cycle are different ér different

organisms. (Page 129)

All animals depend on plants Some animals eat plants br
food. Other animals eat animals that eat the plants (Page
129)

Earth materials are solid rock and soils, water, and the

gases of the atmosphere The varied materials have different
physical and chemical properties which make them useful

in different ways for example, as building materialg as

sources d fuel, or for growing the plants we use as ¢od.

Earth materials provide many d the resources that humans
use. (Page 134)

Weather changes from day to day and over the seasons
Weather can be described by measurable quantitiessuch
as temperature, wind direction and speed, and precipitation.
(Page 134)

Resources are things that we get from the living and
nonliving environment to meet the needs and wantsfoa
population. (Page 140)

Changes in environments can be natural or influenced by
humans. Some changes are good, some are bad, and some
are neither good nor bad. Bllution is a change in the
environment that can influence the health, survival, or
activities d organisms, including humans (Page 140)

Benchmarks

Some events in nature have a repeating pattern. The weather
changes some from day to day but things such as
temperature and rain (or show) tend to be high, lowor
medium in the same months every year (Page 67)

Water can be a liquid or a solid and can go back and drth
from one form to the other If water is turned into ice and
then the ice is allowed to melt, the amount bwater is the
same as it was before freezing. (Page 67)

Chunks of rocks come in many sizes and shapes from
boulders to grains d sand and even smaller (Page 72)

Change is something that happens to many things(Page
72)

Animals and plants sometimes cause changes in their
surroundings (Page 72)
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Some animals and plants are alile in the way they look and really do not have (Page 102)
in the things they do, and others are very different from  there s variation among individuals  one kind within a

one another. (Page 102) population. (Page 107)
P!ants and a_nimals have features that help them live in Animals eat plants or other animals &r food and may also
different environments (Page 102) use plants (or even other animals) br shelter and nesting.

Stories sometimes give plants and animals attributes they (Page 116)
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Alaska Science
Key Element A16

A student who meets the content standard should understand basic concepts about the
theory of relativity which changed the view ® the universe by uniting matter and
energy and by linking time with space (Relativity).

Level 1 ¢«

Performance Standard Level 1, Ages 5—7

There is no perbrmance standard at this level.
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"\ Alaska Science
Key Element B1

A student who meets the content standard should use the processesf gcience; these
processes include observing, classifying, measuring, interpreting data, inferring,
communicating, controlling variables developing models and theories hypothesizing,
predicting, and &perimenting.

Performance Standard Level 1, Ages 5-7

Students observe and describe their world.

L
Sample Assessment Ideas
e Students closely observe an object (rock, flowgranimal) closely with as many d the five senses as
appropriate; list characteristics observed with each sense
e Students observe and predict sunrise from a specific site ¢f example; classroom window playground) and
chart data daily.
Expanded Sample Assessment Idea
e Students use a “teacher-created” scoring guide to classify a groupforocks and tell why the rock were
grouped in that manner
Procedure Level of Performance
Students will: Stage 4 Student work is correct, completg and
1. Collect rock at home and school. — appropriate. Student work includes detailed

explanations d their two classification systems

There is no evidence & misconceptions or

inaccurate descriptions; drawings have accurate
colors and realistic size

2. Divide into groups & two to three; tale a group of
8-12 rocks and classify them by criteria 6 their groups
choosing. This could include colgrsize, shape, texture,

use, etc. Groups will share with each other the ways ]
they classified the rock. Each group will then go back Stage 3 Student work is generally correct, completeand

and create a different way to classify their rock Each =~ appropriate including two classification systems

group should guess the other groug’new classification. =+ of rocls. Student explanations d classification
systems are accurate Drawings may show a few

inaccuracies or unrealistic descriptions fothe
actual rocls.

3. Draw how their group classified a rock btheir choice
and include details lilke color, shape, and size.

4. Discuss volunteers’ pictures in circle group. Stage 2  Student classifications are mostly appropriate

-+ but there may be some misconceptionsStudent

Reflection and Revision —— : P :
cannot explain classifications Drawings are
Use comments about pictures and redraw their rock incomplete There is little evidence 6
classification. elaboration or ectensions

Stage 1  Student did not complete classifications and
=== could not tell why. No drawings completed. There
is no evidence d elaboration or extensions There
is evidence d misconceptions
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Standards Cross-References

National Science Education Standards

Employ simple equipment and bols to gather data and
extend the senses In early years students develop simple
skills, such as how to observe measure, cut, connect, switch,
turn on and off, pour, hold, tie and hook. Beginning with
simple instruments students can use rulers to measure the
length, height, and depth & objects and materials;
thermometers to measure temperature; watches to measure
time; beam balances and spring scales to measure weight
and force; magnifiers to observe objects and organisms;
and microscopes to observe the finer details foplants,
animals, rocks, and other materials Children also develop
skills in the use ¢ computers and calculators br conducting
investigations (Page 122)

Use data to construct a reasonable explanation. This
aspect of the standard emphasizes the students’ thinking
as they use data to formulate explanations Even at the
earliest grade levels students should learn what constitutes
evidence and judge the merits or strength fothe data and
information that will be used to mak explanations After
students propose an e&planation, they will appeal to the
knowledge and evidence they obtained to support their,
explanations. Students should check their gplanations
against scientific knowledge experiences and observations
of others. (Page 122)

Communicate inwestigations and explanations. Students
should begin developing the abilities to communicate
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critique, and analyze their work and the work & other
students This communication might be spo&n or drawn as
well as written. (Page 122)

Simple instruments such as magnifiers thermometers and
rulers provide more inbrmation than scientists obtain using
only their senses (Page 123)

Scientists develop &planations using observations
(evidence) and what they already know about the world
(scientific knowledge). Good @&planations are based on
evidence from investigations (Page 123)

Benchmarks

People can dften learn about things around them by just
observing those things carefullybut sometimes they can

learn more by doing something to the things and noting
what happens. (Page 10)

Tools such as thermometers magnifiers, rulers, or balances
often give more inbrmation about things than can be
obtained just by observing things without their help. ée
10)

Describing things as accurately as possible is important in
science because it enables people to compare their
observations with those 6 others. (Page 10)

Ask “How do you know?” in appropriate situations and
attempt reasonable answers when others ask them the same
question. (Page 298)



Mini-Unit: Rock On

Performance
Standard B1, Level 1

Students observe and describe
their world.

k4
A

Key Concepts and Skills

There are similarities and differences in nature

Measurement can be done in a variety b ways.

measurement, and prediction.

Rocks come in many sizes and shapes

Students can use the processes 6 science including observation, classification,

Wi Timeline

This can take place over two or three week.

. L Y
-1
e Abstract

Students observe and measure rock in order to classify and infer usage from their

characteristics

Alaska Science
Content Standard
Key Element

A student who meets the
content standard should
use the processes of
science; these processes
include observing,
classifying, measuring,
interpreting data,
inferring, communicating,
controlling variables,
developing models and
theories, hypothesizing,
predicting, and
experimenting.

Crbéé~,Reference

Additional Content and
Performance Standards:
A7, Geography E1, Math
A2, E2, E3.

Cultural Standards: D1, D5
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v Materials

[0 Collection d rocks (local, [0 Graph paper (1" squares)
purchased, or AMEREF Minerals
Kit )

[J Assorted materials to use
when designing tools

O

Yarn or hoops

[0 Small plastic bears unifix or wooden
cubes, tiles, etc.
[0 White paper

[0 Equal-arm balances -
[0 Hand lens or magnifiers

[0 Chart paper
[ Markers

&/

\ Activities
O

Teacher brings in a b of assorted rocks. Students play “20 Questions” about the
contents d the box. After contents are guessed, the rockare distributed among
students and they observe the rock using their eyes hands, lenses or magnifiers
Ask students such things as how are they ali how are they different, what words
would you use to describe the rock? Record responses on chart paper dr class to
see. Place rocks in a science center in the classroom.

Teacher has whole class gather around and places 16-20 assorted roskin
a pile on a piece d paper. Have a student choose an attribute such as
small. Move all the small rock into a pilg label it small, and draw a circle
around it. Place the other rock in a pile, draw a circle around it and label
it not small. Keep dividing the piles using properties (shinynot shiny;
rough, not rough; heavy not heavy) until you have used all the rock you
started with. Give each student group (three todur students) 16-20 rocls.
Ask them to create their own classification system. *This is anxample of
binary classification. (*4 students are grouping their rock the teacher
walks around with a checklist to assess how students are doing with their
classifying skills Any type o classification should be accepted as long as
the student can justify it.)

©

Ask a student to choose 10 rock that have several attributes and bring them from
the science center to a place that has a hn diagram set up (a \enn diagram can
be created by using yarn or plastic hoops). Students gather around and together
they will choose two rules to sort the rosk(like big and jagged). Write the rules on
a folded piece d paper that can be placed in the circlesStudents decide where to
place the 10 rocls according to the rules Ask students what they notice about the
rocks in each circle Guide them if necessary to the conclusion that some roskfit
both of the rules and should be placed in both circlesAsk how a rock could be in
both circles at the same time If students do not come up with moving the circlgs
begin to overlap them. Spend some time asking questions that lead to student
understanding d the “intersection” d both circles When students have an
understanding, ask them to place the rock according to the chosen rulesRepeat



this again and again choosing different attributes to use in sorting.
(This is another opportunity 6r teachers to do a short check to find
out at what level students can use a ¥nn diagram.)

o

Students will look at specific attributes brocks and use them to
sequence the rocls (e.g., lightest to darlest; smallest to largest).
Students begin with three rock and then work up to using five rock
Students use a gold dredge workheet lile the one below to draw

their rock sequence

(5]

Give students graph paper with at least one-inch squareslell them to choose a rock
and place it on the paper Ask students how many squares big their rock isStudents
choose three more rock to repeat the procedure

(6]

“The edge o ftherock look lik e
a hill with a little valley.”

C.B.

Choose two or three students to come up in frontfothe class and hold two
different size rocls. Ask which rock is heavier? How they can tell? gk the
students if they know ¢ other ways to measure how much things weigh.
(Hopefully they will come up with using balances). Provide students with an
equal-arm balance and cubes bears, tiles, etc., that they can measure !
Students will weigh three to five different items and record their findings

Brainstorm ways that rock could be used by people and animals Chart the
ideas given by the students Invite community people to come into the

classroom to discuss traditional uses brocks (e.g., communication, tools
fishing, hunting, etc). Using their knowledge & rock characteristics students
investigate and design a tool using a rock. Display student work.

* Expanded Sample Assessment Idea

Procedure
Students will:
1. Collect rocls at home and school.

2. Divide into groups & two to three; tale a group of 8-12 rocks and classify
them by criteria d their groups choosing. This could include colgrsize, shape,
texture, use, and so on. Groups will share with each other the ways they
classified the rock. Each group will then go back and create a different way to
classify their rocl. Each group should guess the other groug’ new
classification.

3. Draw how their group classified a rock btheir choice and include details lik
color, shape, and size.

4. Discuss volunteers’ pictures in circle group.

J.A. describes her rock, using
three attributes
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Reflection and Revision

Use comments about pictures and redraw their rock classification.

Level of Performance

Stage 4  Student work is correct, complete and appropriateStudent work includes

i detailed explanations o their two classification systemsand are detailed.
There is no evidence & misconceptions or inaccurate descriptions;
drawings have accurate colors and realistic size

Stage 3  Student work is generally correct, completeand appropriate including two
=+ classification systems & rocks. Student explanations o classification
== systems are accurate Drawings may show a few inaccuracies or unrealistic
descriptions d the actual rocls.

Stage 2 Student classifications are mostly appropriatebut there may be some
=% misconceptions Student could not eplain classifications Drawings are
incomplete There is little evidence 6 elaboration or extensions

Stage 1  Student did not complete classifications and could not tell why. No
=+ drawings completed. There is no evidence foelaboration or extensions
There is evidence & misconceptions

Standards Cross-References

National Science Education Standards

T

Employ simple equipment and bols to gather data and extend
the senses In early years students develop simple skillssuch as
how to observe measure, cut, connect, switch, turn on and ff,

students can use rulers to measure the length, height, and depthfo
objects and materials; thermometers to measure temperature;
watches to measure time; beam balances and spring scales to
measure weight and brce; magnifiers to observe objects and
i organisms; and microscopes to observe the finer detailsfoplants,

g animals, rocks, and other materials Children also develop skills in

l gj‘ i pour, hold, tie and hook. Beginning with simple instruments
¥ R

i the use of computers and calculators 6r conducting investigations
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(Page 122)

Use data to construct a reasonable explanation. This aspect
the standard emphasizes the students’ thinking as they use data toofmulate
explanations Even at the earliest grade levels students should learn what constitutes
evidence and judge the merits or strength fothe data and information that will be
used to make explanations After students propose an @planation, they will appeal to
the knowledge and evidence they obtained to support theirxplanations Students
should check their &planations against scientific knowledgeexperiences and
observations d others. (Page 122)

Communicate inwestigations and explanations. Students should begin developing
the abilities to communicate critique, and analyze their work and the work & other
students This communication might be spogn or drawn as well as written. (Rge
122)

Simple instruments such as magnifiers thermometers and rulers provide more
information than scientists obtain using only their sensegPage 123)

Scientists develop gplanations using observations (evidence) and what they already
know about the world (scientific knowledge). Good glanations are based on
evidence from investigations (Page 123)



Benchmarks

People can dften learn about things around them by just
observing those things carefullybut sometimes they can learn
more by doing something to the things and noting what
happens. (Page 10)

Tools such as thermometers magnifiers, rulers, or balances dten
give more inbrmation about things than can be obtained just by
observing things without their help. (&ge 10)

Describing things as accurately as possible is important in
science because it enables people to compare their observations
with those d others. (Page 10)

Ask “How do you know?” in appropriate situations and attempt
reasonable answers when others ask them the same question.
(Page 298)
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Alaska Science
Key Element B2

A student who meets the content standard will design and conduct scientific investigations
using appropriate instruments

Performance Standard Level 1, Ages 57

Students use appropriate measuring and observation instruments toxplore the natural world around them.

Procedure
(Allow four weeks.)
Students will:

1. Each receive a newly potted plant.

2. Divide into three groups: Group 1 will water their plants
one day per week. Group 2 will water their plants two
days per week. Group 3 will water their plants three
days per week (each group will use the same amount
of water).

3. Record daily observations (amount & water added,
changes in appearance and measurements o height
or diameter).

4. Develop their thoughts as to how and why their plants
grew the way they did.

Make graphs comparing growth rates

6. Make predictions about what is needed to grow healthy
plants.

7. Discuss what instruments they used dr measuring the

Sample Assessment Ideas

e Students use a magnifying glass to observe an object (g., rock, bug, hair skin, plant); draw a picture to
describe how the object look different compared to viewing with only their eyes

e Students weigh and measure a salmon or other meat befre and after smoking in a smolehouse. Compare

the data from before and after smoking.

Expanded Sample Assessment Idea

e Students investigate how a change in environment affects a plarstgrowth. Changes might include amount

of light, water, soil type etc.

amount of light, water and plant growth. Discuss
differences between the groups

Reflection and Revision

Record the optimum conditions dr growing plants in their
science journal.

Level of Performance

Stage 4

il

Stage 3

Stage 1

Student work is complete correct, and shows
higher-order thinking skills and relevant
knowledge Measurements are accurate
instruments are chosen without teacher prompt
and are used appropriately.

Student work is generally complete and correct.
Measurements are accurate and instruments are
used appropriately. There may be some evidence
of misconceptions or discrepancies between
journal entries and actual observations

Student work is mostly incomplete or incorrect.
While an attempt was made to grow plants

measurements and observations are inaccurate
or incomplete The student is able to choose
correct measuring instruments dllowing teacher
prompts.

Student work is incomplete and incorrect.

Attempts to grow plants if made, do not include
measurements or recorded observations
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Standards Cross-References

National Science Education Standards

Plan and conduct a simple investigation. In the earliest
years, investigations are largely based on systematic
observations (Page 122)

Employ simple equipment and tools to gather data and
extend the senses In early years, students develop simple
skills, such as how to observe measure, cut, connect, switch,
turn on and of, pour, hold, tie, and hook. Beginning with
simple instruments students can use rulers to measure the
length, height, and depth ¢ objects and materials;
thermometers to measure temperature; watches to measure
time; beam balances and spring scales to measure weight
and force; magnifiers to observe objects and organisms;
and microscopes to observe the finer details foplants,
animals, rocks, and other materials Children also develop
skills in the use d computers and calculators 6r conducting
investigations (Page 122)

Scientific investigations involve asking and answering §
question and comparing the answer with what scientists
already know about the world. (Rge 123)

Simple instruments such as magnifiers thermometers and
rulers provide more inbrmation than scientists can obtain

using only their senses (Page 123)
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Benchmarks

People can dften learn about things around them by just
observing those things carefullybut sometimes they can

learn more by doing something to the things and noting
what happens. (Page 10)

Raise questions about the world around them and be willing
to seek answers to some d¢ them by making careful
observations and trying things out. (Bge 285)



paths.

Alaska Science
Key Element B3

A student who meets the content standard should understand that scientific inquiry
often involves different ways & thinking, curiosity and the exploration o multiple

Performance Standard Level 1, Ages 57

Students ask questions about the natural world.

Sample Assessment Ideas

e Students develop “l wonder” statements about snow

e Students generate a list & questions about their local environment to ask a guest scientist or local Elder

Standards Cross-References

National Science Education Standards

Ask a question about objects organisms, and events in
the environment. This aspect d the standard emphasizes
students asking questions that they can answer with
scientific knowledge combined with their own observations
Students should answer their questions by seeking
information from reliable sources & scientific inbrmation
and from their own observations and investigations(Page
122)

Communicate inwestigations and explanations. Students
should begin developing the abilities to communicate
critique and analyze their work and the work & other
students. This communication might be spo&n or drawn as
well as written. (Page 122)

Benchmarks

When people give different descriptionsfothe same thing,
it is usually a good idea to male some fresh observations
instead of just arguing about who is right. (Rge 10)

Raise questions about the world around them and be willing
to seek answers to some ¢ them by making careful
observations and trying things out. (Bge 285)
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Alaska Science
Key Element B4

A student who meets the content standard should understand that personal integrity
skepticism, openness to new ideas creativity collaborative efbrt, and logical reasoning
are all aspects o scientific inquiry.

Performance Standard Level 1, Ages 57

Students collaborate to investigate the natural world.

L
Sample Assessment Ideas
e Students share observations while on a class field trip to investigate local plant and animal life
e Students observe record, and discuss living and non-living componentsf aheir school.
Expanded Sample Assessment Idea
e Students work in groups to predict and test which objects float and which objects sink in water
Procedure Level of Performance
Students will: Stage 4  Student work is complete correct and shows
1. Divide into small groups . - evidence d elaboration, extension, collaboration

. . and creative incorporation 6the ideas of others.
2. Have access to a variety ¢ measuring tools and large

container of water with measurements on the side Stage 3 Student work is generally completgcorrect and

. . . . . . == Shows some evidence & elaboration, extension,
3. Predict which objects will sink and which will float -

. == COllaboration or incorporation 6 the ideas of
Record predictions on a chart paperDo not change

L . others.
predictions after observations are made ) )
Stage 2 Student work may be incomplete or incorrect

- and shows some evidence 6 sharing of ideas,
but limited evidence d collaboration or

4. Select items to put into the water one at a time
Record whether they sink or float.

Make a picture or word chart @ the results and share incorporation d the ideas o others.

with the whole class Stage 1  Student work, although incompletgis on topic
7. As a class, discuss how the groups workd together =+ but shows no evidence & collaboration or

what new things they learned, and which charts woed sharing of ideas.

best to explain sinking and floating.

Reflection and Revision

Discuss how they would change their work from what they
learned from others
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Standards Cross-References

National Science Education Standards

Ask a question about objects organisms, and events in the

environment. This aspect & the standard emphasizes
students asking questions that they can answer with
scientific knowledge combined with their own observations
Students should answer their questions by seeking
information from reliable sources & scientific inbrmation

and from their own observations and investigations(Page

122)

Scientific investigations involve asking and answering a
question and comparing the answer with what scientists

already know about the world. (Rge 123)
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Benchmarks

In doing science it is often helpful to work with a team
and to share findings with othersAll team members should
reach their own individual conclusionshowever, about what
the findings mean. (Fage 15)

Raise questions about the world around them and be willing
to seek answers to some d them by making careful
observations and trying things out. (Bge 285)



Alaska Science
Key Element B5

A student who meets the content standard should employ ethical standardsncluding
unbiased data collection and &ctual reporting d results.

Performance Standard Level 1, Ages 57

Students differentiate between what they observe with their senses and what they interpret about those observations

L
Sample Assessment Ideas
e Students touch a dry sock and a wet sock; measure the temperaturefceach; report on whether or not they
are the same temperature; discuss the accuracy btheir interpretation.
e Students observe a bird, squirrel, or class pet; mak a chart of their observations and interpret their
behavior.
Expanded Sample Assessment Idea
e Students identify an object in a black bw using only one sense; share observations with other students
who used other senses; compare conclusions about the naturefothe object using single vs multiple
senses to observe
Procedure Level of Performance
Students will: Stage 4  Student work is complete correct and shows

1. Divide into sensory groups: smell, touch, and hearing.| e - evidence o‘_elaboration Q”d e<tens_ion. Students
report detailed observations and inferences and

2. Explore objects (such as seaweed, jerkymashed berries) differentiation between the two

using only one sense; no one will see or taste it. )
Stage 3 Student work is generally completgcorrect and

3. Reorganize so that each new group contains a child = may show evidence d elaboration and extension.
who used a different sense Repeat so that each group =  Students report observations and inferences and
will have each sense represented. differentiation between the two though minor

4. Share the observations try to identify the object, and errors may be present.

differentiate between observations and inferences Stage 2 Student work may be incomplete or incorrect

. - -+ and shows limited evidence 6 ability to report
Reflection and Revision e observations make inferences or differentiation

Determine what senses provided the most accurate between the two.

inferences about the identification bthe objects Stage 1  Student work is mostly incomplete and incorrect.

-=+=  Student makes limited observations or is unable
to use observations to identify the object in
the black b.
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Standards Cross-References

National Science Education Standards Benchmarks
Scientists male the results d their investigations public; A lot can be learned about plants and animals by observing
they describe the investigations in ways that enable others|  them closely but care must be talen to know the needs d
to repeat the investigations (Page 123) living things and how to providedr them in the classroom.
Scientists review and ask questions about the results fo (Page 15)
other scientists’ work. (Rge 123)
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Alaska Science
Key Element B6

A student who meets the content standard should employ strict adherence to safety
procedures in conducting scientific investigations

Performance Standard Level 1, Ages 57

Students learn classroom safety procedures identify consequences & unsafe behavior and practice safe behavior in the
classroom and laboratory.

"

% Sample Assessment ldeas

e Students practice safety rules during classroom and laboratory activities

e Students identify features & the classroom that promote safety (eg., fire extinguisher smoke detectors
no sharp edges etc.); record observations on chart paper

Standards Cross-References

National Science Education Standards Benchmarks

Safety and security are basic needs & humans. Safety
involves freedom from danger risk, or injury. Security
involves feelings & confidence and lack d anxiety and
fear. Student understandings include dllowing safety rules
for home and school, preventing abuse and neglect, avoiding
injury, knowing whom to ask br help, and when and how

to say no. (Page 139)

Choices have consequencessome of which are more serious
than others (Page 165)

Rules at home, at school, and in the community let
individuals know what to &pect and so can reduce the
number of disputes (Page 172)
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Alaska Science
Key Element C1

A student who meets the content standard should know how the words d€t,”
“observation,” “concept,” “principle” “law,” and “theory” are generally used in the
scientific community.

Performance Standard Level 1, Ages 5—7

Students will use observations to collect and identifyafts.

% Sample Assessment Ideas

e Students observe and record what birds choose from a varietyfanaterials provided br them as potential
food sources (eg. wood chips bird seed, bread, cotton balls etc.)

e Students observe that some things around them happen consistently (water flows downhill, heating ice
causes it to melt.)

Standards Cross-References

National Science Education Standards Benchmarks

Scientists develop &planations using observations Ask “How do you know?” in appropriate situations and
(evidence) and what they already know about the world attempt reasonable answers when others ask them the same
(scientific knowledge). Good a&planations are based on question. (Page 298)

evidence from investigations (Page 123)
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Alaska Science
Key Element C2

A student who meets the content standard should understand that scientific knowledge
is validated by repeated specific gperiments that conclude in similar results

Performance Standard Level 1, Ages 57

Students will compare observations and/or repeat observations to checlorf validity d results.

Sample Assessment Ideas

e Students observe unpainted structures made bwood (e.g., sheds fences); discuss the occurrence dwood
shrinkage.

e Students observe a phenomenon which repeats itself regularly (g., dropped ball bounces at a lower
height with each successive bounce); compare results with other studentsrfvalidation.

Standards Cross-References

National Science Education Standards Benchmarks

Scientific investigations involve asking and answering aj ~ When a science investigation is done the way it was done
question and comparing the answer with what scientists before, we expect to get a very similar result. (Bge 6)

already know about the world. (Rge 123) Science investigations generally work the same way in

Scientists male the results d their investigations public; different places (Page 6)
they describe the investigations in ways that enable others
to repeat the investigations (Page 123)

Scientists review and ask questions about the results fo
other scientists’ work. (Rge 123)
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Alaska Science
Key Element C3

A student who meets the content standard should understand that socigtgulture,
history, and environment affect the development bscientific knowledge

Performance Standard Level 1, Ages 5—7

Students recite a traditional story describing a scientific event.

i e
o -
F o

Sample Assessment Ideas

e Students recite a traditional story lore describing the breaking upf @he ice during spring.
e Students recite a traditional story that eplains the salmon runs

Standards Cross-References

National Science Education Standards Benchmarks
Science and technology have been practiced by peopleof Everybody can do science and invent things and ideagPage
a long time (Page 141) 15)

Men and women have made a variety & contributions
throughout the history & science and technology. (Rge
141)
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Alaska Science
Key Element C4

A student who meets the content standard should understand that some personal and
societal belief accept non-scientific methodsdr validating knowledge

Performance Standard Level 1, Ages 5—7

Students observe a phenonmenon and record a personal (non-scientific) belief about that phenomenon.

Sample Assessment Ideas

e Students observe the sky when the sun, moon and stars are not visible and state their opinion regarding
what they see
e Students observe animal behavior and state their belief about reasons behind the behavior

L
‘mai !

Standards Cross-References

National Science Education Standards Benchmarks

People have always had questions about their world. Science Ask “How do you know?” in appropriate situations and
is one way of answering questions and &plaining the natural attempt reasonable answers when others ask them the same

world. (Page 138) question. (Page 298)

Although men and women using scientific inquiry have
learned much about the objects events and phenomena

in nature, much more remains to be understood. Science
will never be finished. (Rge 141)
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Alaska Science
Key Element C5

A student who meets the content standard should understand that sharing scientific
discoveries is important to influencing individuals and society and in advancing scientific

Performance Standard Level 1, Ages 57

Students work together to &plore and share scientific discoveries about their environment.

Sample Assessment Ideas

e Students work together in teams to gplore the playground environment; lookdr conditions that support
a suitable habitat for living things; collectively share results with the class

e Students teams report on weather observations; as a class mak predictions using the class data.

Standards Cross-References

National Science Education Standards

Communicate inwestigations and explanations. Students
should begin developing the abilities to communicate
critique and analyze their work and the work & other
students. This communication might be spo&n or drawn as
well as written. (Page 122)

Scientists male the results d their investigations public;
they describe the investigations in ways that enable otherg
to repeat the investigations (Page 123)

Scientists review and ask questions about the results fo

other scientists’ work. (Rge 123)

Benchmarks

In doing science it is often helpful to work with a team
and to share findings with othersAll team members should
reach their own individual conclusionshowever, about what
the findings mean. (Fage 15)
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Alaska Science
Key Element C6

A student who meets the content standard should understand that scientific discovery is
often a combination d an accidental happening and observation by a knowledgeable
person with an open mind.

Performance Standard Level 1, Ages 5-7

Students share inbrmation about their world that they have learned though observation.

% Sample Assessment Ideas

-

e Students describe how they learned to ride a bi ride a sled, catch a fish, etc
e Students compare the number & teeth each student has lost.

Standards Cross-References

National Science Education Standards Benchmarks

Scientists develop &planations using observations People can dften learn about things around them just by
(evidence) and what they already know about the world observing those things carefullybut sometimes they can

(scientific knowledge). Good a&planations are based on learn more by doing something to the things and noting
evidence from investigations (Page 123) what happens. (Page 10)
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'\ Alaska Science
» Key Element C7

A student who meets the content standard should understand that major scientific
breakthroughs may link large amounts & knowledge build upon the contributions
many scientists and cross different lines @& study.

Performance Standard Level 1, Ages 5-7

Students examine inventions and describe the human effrts required to produce it.

pr

-

% Sample Assessment Ideas

e Students examine a traditional Tlingit halibut hook and modern circular hook; discuss which hook is easier
to use to catch plastic fish; discuss how each hook is made

e Students pick a tool or machine fromHow Things W ork by David McCauley; report its use to the class

Standards Cross-References

National Science Education Standards Benchmarks

Scientific investigations involve asking and answering 4§ Everybody can do science and invent things and ideagPage
question and comparing the answer with what scientists 15)
already know about the world. (Rge 123)

People have always had questions about their world. Science
is one way of answering questions and eplaining the natural
world. (Page 138)
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~~ \ Alaska Science
» Key Element C8

A student who meets the content standard should understand that acceptancd @ new
idea depends upon supporting evidence and that new ideas that conflict with bekedr
common sense are dten resisted.

Performance Standard Level 1, Ages 57

Students observe and discuss phenomena that conflict with common sense

L
Sample Assessment Ideas
e Students discover the answer to the question “When is a jar full?” Fill a jar with small rogkask the
question, “Is the jar full?”; add gravel to jar and shak; ask, “Is the jar full?”; repeat process using sand
and finally water.
e Students view predict length, and then measure the true lengthfovarious optical illusions
Expanded Sample Assessment Idea
e Students describe their common-sense impressions regarding equal volume$ water placed in differently
shaped containers; identify evidence that supports the idea that the volumed water involved are equal.
Procedure Level of Performance
Students will: Stage 4  Student participates fully makes accurate
1. Divide into teams e - observations demonstrates mastery d concepts
> 0b tai 6 different sh that tai and skills, clearly describes and communicates
' ssr\ll(e con tautne;; ! ereln ? apesd at contain findings, and relates conclusions to other
(unbeknownst to them) equal volumes ¢ water. processes and concepts Student participates

3. Describe their impressions about which containers fully in class discussion, clearly describes and
contain the most and least water communicates findings and concludes the

4. Arrange containers from perceived largest to smallest activity without evidence & misconceptions
volumes o water. regarding the volume & water.

5. Use a measuring container to establish that the volume |~ Stage 3 Student participates substantiallymakes largely
of water in each container is equal to the volume in -+ accurate observations understands the concepts
any other. == and skills, and effectively describes and

6. Pour the contents d containers back and brth between comrn_unlcate.s findings .and cqnclusmnss_tudent

participates in class discussion, describes and
each other . o
communicates findings but may conclude the
Refection and Revision activity with minor misconceptions regarding
) ] ] ] the volume d water.
Discuss the evidence supporting the idea that the volumes Stage 2 Student particioat kes ob i
of water in all containers were equal. age udent participates Makes observations grasps
- the concepts and skillsand attempts to describe

and communicate findings and conclusions
Student is a reluctant participant in class
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discussion and although an attempt is made to Stage 1  Student minimally participates gives inaccurate

describe the findings the student concludes the === (Observations does not grasp the concepts and
activity with misconceptions regarding the skills. Student does not participate in class
volume of water. discussion or describe the findings and concludes

the activity with major misconceptions regarding
the volume o water.

_ Standards Cross-References
National Science Education Standards Benchmarks

Scientists develop &planations using observations When people give different descriptionsfothe same thing,
(evidence) and what they already know about the world it is usually a good idea to male some fresh observations
(scientific knowledge). Good @&planations are based on instead of just arguing about who is right. (Rge 10)

evidence from investigations (Page 123)
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Alaska Science
Key Element D1

A student who meets the content standard should apply scientific knowledge and skills
to understand issues and everyday events

Performance Standard Level 1, Ages 57

Students use science knowledge to describe everyday events

Sample Assessment Ideas

e Students tell why it is easier to mak snowballs in the spring than in the winter

e Each student observes where the snow remains on the playground in the spring; give possible scientific
explanations as to why the snow is still there

Expanded Sample Assessment Idea

e Students test three sleds to determine which travels the greatest distance

Procedure Level of Performance
Students will: Stage 4  Student work is complete correct, and contains
1. Hold the sled at the top @ an incling another student | &= == evidence d elaboration, extension, higher order
rides the sled, and a third student at the bottom b thinking skills and relevant knowledge Student

actively participates with group to pedrm an
accurate test that considers several dctors that
may affect the distance traveled by the sled.

the hill measures the distance The same student should
ride the sled br each trip down the incline

2. Measure, record and graph the distance traveled by

the sled. Repeat eperiment with each sled. Stage 3 Student work is generally complete and correct

== but may contain evidence & some inaccuracies

3. Use simplified language to discuss friction, motion and = or omissions Student participates with group
force. to perform an accurate test to determine the

4. Relate this activity to another similar activitysuch as distance traveled by the sled. Multiple dctors
sliding down the playground slideand so on. are not considered.

Stage 2 Student work may be incomplete or inaccurate

Reflection and Revision === Student may be a reluctant group participant.

Discuss factors other than the sled design that would = The test may include three types 6 sleds but
increase the distance traveled by the sled. Repeat does not control the variables or mak accurate
experiment using these &ctors. measurements.

Stage 1  Student work is incomplete and inaccurate
- Student does not participate in group task or
participates in group sledding adventure rather

than testing the sleds
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Standards Cross-References

National Science Education Standards

Use data to construct a reasonable explanation. This
aspect of the standard emphasizes the students’ thinking
as they use data to formulate explanations Even at the
earliest grade levels students should learn what constitutes
evidence and judge the merits or strengthsfothe data and
information that will be used to mak explanations After
students propose an eplanation, they will appeal to the
knowledge and evidence they obtained to support their,
explanations Students should check their gplanations
against scientific knowledge experiences and observations
of others (Page 122)
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People have always had questions about their world. Science
is one way of answering questions and eplaining the natural
world. (Page 138)

Some objects occur in nature; others have been designed
and made by people to solve human problems and enhance
the quality of life. (Page 138)

Benchmarks

People can dften learn about things around them just by
observing those things carefullybut sometimes they can

learn more by doing something to the things and noting
what happens. (Page 10)



~~ \ Alaska Science

Key Element D2

A student who meets the content standard should understand that scientific innovations
may affect our economy safety, environment, health, and society and that these effects
may be short-term or long-term, positive or negatiyeand expected or unepected.

Performance Standard Level 1, Ages 57

Students role-play and discuss the positive and negative consequenced @ single scientific or technological event.

Sample Assessment Ideas

e Students role-play a small community where only oneafily has an automobile

e Students discuss the positive and negative effectsfomosquito repellent.

Standards Cross-References

National Science Education Standards

People have always had problems and invented tools and
techniques (ways o doing something) to solve problems
Trying to determine the effects b solutions helps people
avoid some new problems (Page 138)

People continue inventing new ways bdoing things solving
problems, and getting work done New ideas and inventions
often affect other people; sometimes the effects are good
and sometimes they are bad. It is helful to try to determine
in advance how ideas and inventions will affect other people
(Page 140)

Science and technology have greatly improvedobd quality
and quantity, transportation, health, sanitation, and
communication. These benefits & science and technology
are not available to all d the people in the world. (Rge
141)

Benchmarks

Tools are used to do things better or more easily and to do
some things that could not otherwise be done at all. In
technology tools are used to observe measure, and make
things (Page 44)

People, alone or in groups are always inventing new ways
to solve problems and get work doneThe tools and ways
of doing things that people have invented affect all aspects
of life. (Page 54)
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Alaska Science
Key Element D3

A student who meets the content standard should recommend solutions to everyday
problems by applying scientific knowledge and skills

Performance Standard Level 1, Ages 57

Students propose and discuss solutions to simple problems

Sample Assessment Ideas

e Students discuss possible solutions to reduce the mud brought into the classroom during the spring.
e Students propose ways to prevent a snowball brought in from the playground from melting.

Standards Cross-References

National Science Education Standards Benchmarks

People have always had questions about their world. Science
is one way of answering questions and eplaining the natural
world. (Page 138)

Identify a simple pioblem. In problem identification,

children should develop the ability toxplain a problem in

their own words and identify a specific task and solution
related to the problem. (Rige 137)

Propose a solution. Students should male proposals to
build something or get something to work better; they
should be able to describe and communicate their ideas
Students should recognize that designing a solution might
have constraints such as cost, materials time, space, or

safety. (Page 137)

People, alone or in groups are always inventing new ways
to solve problems and get work doneThe tools and ways
of doing things that people have invented affect all aspects
of life. (Page 54)
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Alaska Science
Key Element D4

A student who meets the content standard should evaluate the scientific and social
merits of solutions to everyday problems

Performance Standard Level 1, Ages 57

Students describe simple technology used in everyday life

Sample Assessment Ideas

e Students evaluate the effectiveness b different ways to leep their coats closed (eg., Velcro, zippes

snaps, ties, etc.); chart their observations

e Students describe ways to get to school (g., bus, bicycle car, sled, etc); chart their effectiveness

Standards Cross-References

National Science Education Standards

Evaluate a product or design. Students should evaluate
their own results or solutions to problemsas well as those
of other children, by considering how well a product or
design met the challenge to solve a problem. When possible
students should use measurements and include constraints
and other criteria in their evaluationsThey should modify
designs based on the results 6 evaluations (Page 137)

People have always had problems and invented tools and
techniques (ways o doing something) to solve problems
Trying to determine the effects b solutions helps people
avoid some new problems (Page 138)

Tools help scientists malk better observations

measurements, and equipment for investigations Tools help

scientists see measure, and do things that they could not
otherwise seg measure, and do. (Page 138)

People continue inventing new ways bdoing things solving
problems, and getting work done New ideas and inventions

often affect other people; sometimes the effects are good
and sometimes they are bad. It is helfful to try to determine
in advance how ideas and inventions will affect other people
(Page 140)

Science and technology have greatly improvedobd quality
and quantity, transportation, health, sanitation, and
communication. These benefits & science and technology
are not available to all d the people in the world. (Rge
141)

Benchmarks

People, alone or in groups are always inventing new ways
to solve problems and get work doneThe tools and ways
of doing things that people have invented affect all aspects
of life. (Page 54)

When a group o people wants to build something or try
something new they should try to figure out ahead & time
how it might affect other people (Page 54)
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problems.

Alaska Science
Key Element D5

A student who meets the content standard should participate in reasoned discussion$ o
public policy related to scientific innovation and proposed technological solutions to

Performance Standard Level 1, Ages 5-7

Students discuss how tools are used to observemeasure, and make things that help us

Sample Assessment Idea

e Students describe a tool that they use: what the important characteristics the tool must have; what
different jobs the tool can be used dr; why each tool is best at doing its job; why different materials are
used to make each part of the tool; what are some tools they use at home; their parents use at home; used
every day; used only in one season; only used in the morning or evening.

e Students discuss their preferences using a spoon or aofk to eat peas

Standards Cross-References

National Science Education Standards

People have always had problems and invented tools and
techniques (ways o doing something) to solve problems
Trying to determine the effects b solutions helps people
avoid some new problems (Page 138)

People continue inventing new ways bdoing things solving
problems, and getting work done New ideas and inventions
often affect other people; sometimes the effects are good
and sometimes they are bad. It is heljul to try to determine
in advance how ideas and inventions will affect other people
(Page 140)

Benchmarks

When a group o people wants to build something or try
something new they should try to figure out ahead 6 time
how it might affect other people (Page 54)
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Alaska Science
Key Element D6

A student who meets the content standard should act upon reasoned decisions and
evaluate the effectiveness & the action.

Performance Standard Level 1, Ages 57

Students retell eamples of consequences that have resulted from their actions

Sample Assessment Ideas

e Students discuss why or why not to put their tongues on the metal playground equipment during the

winter.

e Students discuss why they wear hats and mittens or gloves outside during cold weath@iscuss their past

experience

Standards Cross-References

National Science Education Standards

People continue inventing new ways bdoing things solving

problems, and getting work done New ideas and inventions

often affect other people; sometimes the effects are good
and sometimes they are bad. It is heljul to try to determine

in advance how ideas and inventions will affect other people
(Page 140)

Humans depend on their natural and constructed
environments Humans change environments in ways that
can be either beneficial or detrimental dr themselves and

other organisms (Page 129)

Benchmarks

People, alone or in groups are always inventing new ways
to solve problems and get work doneThe tools and ways
of doing things that people have invented affect all aspects
of life. (Page 54)

When a group o people wants to build something or try
something new they should try to figure out ahead 6 time
how it might affect other people (Page 54)
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Alaska Science
Key Element Al

A student who meets the content standard should understand models describing the
nature of molecules atoms, and sub-atomic particles and the relation Hthe models to
the structure and behavior & matter (Structure o Matter).

Performance Standard Level 2, Ages 8-10

Students use models to represent matter as solidsliquids or gases and the changes from one state to another

A Sample Assessment Ideas

e Students investigate snowflaks and different types ¢ snow with a hand lens; draw the differences seen
between snowflales in a journal; investigate the properties bsnow using various tools; discuss the
“Dillingham Story”; learn several Alask Native words that describe the different types fosnow.

e Students make a model of the water cycle including water as a solid (snow), a liquid (rain), and a gas
(water evaporated into the air).

Expanded Sample Assessment Idea

e Students place an ice cube in a beakr and observe over several days; draw picture to show what happens

Procedure ice to water vapor are accurate and include
detailed predictions ¢ how changes in the
experimental conditions would alter the
observations

Students will:

1. Compare ice cubes placed in open and covered beats

in the classroom. . L
Stage 3 Student work is complete but may contain minor

Make drawings and notes in a journal over several days errors or omissions Several journal entries

Make an oral report or write a poem to describe what - compare the two bealers and what happens to
happens to the water ™ the water in the open bealer. The report or poem
o i shows some evidence ¢ the transfer and
Revision and Reflection extension d knowledge The description d the
Explain why the two bealers looked different after several changes from ice to water vapor are mostly
days. Would the results be different if you used water instead accurate and include a prediction 6 how a
of ice? What would happen if you used a cloth to cover the change in an experimental condition would alter
beaker? the observations
Stage 2 Student work may show evidence & skilled
Levels of Performance - cCraftsmanship but may be incomplete shows
Stage 4  Student work is complete correct and shows ™ evidence o limited understanding or
v - EVidence d logical reasoning. Several detailed misconceptions related to what happens as ice
== == journal entries compare the contents bthe two changes to water vapor At least one journal
beakers and what happens to the water in the entry is made The report or poem may describe
open bealer. The report or poem shows &tensive the two bealers, but the explanation or
evidence o the transfer and extension of prediction, if included, may be incorrect.

knowledge The description d the changes from
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Stage 1

N

ational Science Education Standards

Student work is mostly incomplete and shows
little or no evidence & understanding and
misconceptions related to what happens as ice
changes to water vapor

Develop descriptions, explanations, predictions, and
models using evidence. Students should base their
explanations on what they observed and as they develop
cognitive skills they should be able to differentiate
explanation from description—providing causesof effects
and establishing relationships based on evidence and logical
argument. (Page 145)

Materials can exist in different states—solid, liquid, and
gas. Some common materials such as water, can be changed

from one state to another by heating and cooling. (&ge

127)

Earth materials are solid rock and soils, water, and the
gases of the atmosphere The varied materials have different
physical and chemical properties which make them useful
in different ways for example, as building materials as
sources o fuel, or for growing the plants we use as ¢od.

L2-4

-+, Standards Cross-References

Earth materials provide many d the resources that humans
use. (Page 134)

Soils have properties @ color and texture, capacity to retain
water, and ability to support the growth & many kinds of
plants, including those in our 6od supply. (Page 134)

Benchmarks

Seeing how a model worls after changes are made to it
may suggest how the real thing would work if the same
were done to it. (Fage 268)

No matter how parts d an object are assembled, the weight
of the whole object made is always the same as the sum b
the parts; and when a thing is brokn into parts the parts
have the same total weight as the original thing. (Bge 77)

Materials may be composed d parts that are too small to
be seen without magnification. (Rge 77)



Alaska Science
Key Element A2

A student who meets the content standard should understand the physical, chemical,
and nuclear changes and interactions that result in observable changes in the properties
of matter (Changes and Interactions & Matter).

Performance Standard Level 2, Ages 8-10

Students observe physical and chemical propertiesfocommon substances and observe changes to those properties

?i Sample Assessment Ideas

e Students mix baking soda and vinegar; observe and describe changes in journal.
e Students dissolve rock salt in waterevaporate and re-crystallize; draw and describe their observations

Expanded Sample Assessment Idea

e Students develop a strategy to sink an ice cuhe

Procedure change in the state d water affects the local
Students will: community. The student describes a detailed
o . . strategy to sink an ice cube or gplains why it
1. Predict if they can sink an ice cube isn't possible
2. Work in teams to develop a strategy to ma& the ice Stage 3  Student work shows evidence blogical reasoning
sink. - and transfer of knowledge related to the physical
3. Demonstrate their ice-sinking apparatus; share - properties d the three states d water, but may
strategies and observations with the class contain minor errors or omissions Student
i o explanation o water's change o state includes
Reflection and Revision correct terminology physical properties ¢ some
Why is ice so hard to sink? Discuss the propertiesfoice and of the states df water, some descriptions ¢ where
water (what they look lile, feel like, smell lile, taste like water occurs in nature and at least one gample
and how they behave in relation to sinking and floating.) of how a change in the state 6 water affects
How are these two Brms of water alike and how are they the local community. The student describes a
different? Discuss density. strategy to sink an ice cube
Stage 2 Student work contains omissions or errors ©
Levels of Performance - SCience fct and reasoning. Student aplanation
Stage 4 Student work is complete correct, shows ™ of waterss change of state may identify an
- e evidence d logical reasoning and transfer and example of where water occurs in naturg
T+ == extension d knowledge related to the physical describes an example of how water is used within
properties of the three states d water. the local community uses some appropriate
Explanation of water's change o state includes terminology and may describe some physical
correct terminology physical properties 6 each properties d water in one d its three states A
state of water, a description d where each phase strategy to sink an ice cubgif included, may be
occurs in naturg and an example of how each incomplete or lack detail.
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Stage 1  Student explanation o the change o state of
- Water is largely incomplete incorrect, and shows
little evidence ¢ understanding the role & water

in the local community.

National Science Education Standard

Objects have many observable propertiesincluding size
weight, shape color, temperature, and the ability to react
with other substances These properties can be measured
using tools such as rulers balances, and thermometers
(Page 127)

Materials can exist in different states—solid, liquid, and
gas. Some common materialg such as water, can be changed
from one state to another by heating or cooling. (&ge
127)

A substance has characteristic propertigssuch as density
a boiling point, and solubilityall of which are independent
of the amount of the sample. A mixture df substances dten
can be separated into the original substances using one or
more of the characteristic properties (Page 154).
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Standards Cross-References

Benchmarks

Heating and cooling cause changes in the propertiesfo
materials. Many kinds of changes occur fister under hotter
conditions (Page 77)

When a new material is made by combining two or more
materials, it has properties that are different from the
original materials For that reason, a lot d different
materials can be made from a small number @ basic kinds
of materials. (Page 77)



Mini-Unit: Water Dance

Performance
Standard A2,Level 2

Students observe physical and
chemical properties of common
substances and observe changes
to those properties.

Key Concepts and Skills

» Water exists in three states—solid, liquid, gas

« Water evaporates when heated.

= Water expands when it freezes which causes problems in Alask
e Liquid water expands as it is heated above 4 degrees Celsius

< Water, snow and ice have many names in Ifiupiag.

* Ice is less dense than water

e Measuring volume temperature density, mass.

5

Wil Timeline

2-3 weeks

. L Y
9 Abstract

Students explore states d water and changes between these states in their

community. Students investigate changes as water freezesliquefies, evaporates, and

boils. Students learn many Ifiupiag names br water, ice, and snow and the
significance d each name

Alaska Science
Content Standard
Key Element

A student who meets the
content standard should
understand the physical,
chemical, and nuclear
changes and interactions
that result in observable
changes in the properties of
matter.

Cross-Reference

Additional Content and
Performance Standards: B1,
D1 and D3
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Materials

Clipboards for note taking
freezer to male ice cubes

Go Home Riv er by Jim Magdanz
rulers

O o0oogo

List of Ifiupiag names for
water (see below)

O ooogoogoo

graduated cylinders

water

hot plates

plastic bottles to hold water
balance with gram masses
pans for boiling water

Activities

Read the book Go Home Riv er by Jim

Magdanz; ask the students what they know

about the states d water, how and where

it exists around the community. List.

Embedded Assessment

Check list br previous understanding ©
concepts

| C o Swag, -‘:-:--r’:"lif,-f!,.:'.::
T S ran, r | Ve
[ ke 0cean, stream
Pt ¥ I,-";_:_'!n:r-_.l_--:‘,ﬂllm I'I.-I.I |
S0 |I'f = fCe , Srowl lafe
"II"'EI-'_:-III""-- J |

{}E‘_: 1 f‘-l-t_'.*lr"'! .#TJIIjIQ'rmd.'J

Take students fr a “water walk” around the community; list a variety & usual and
unusual forms in which water «ists in their environment and changes in the statesfo
water that are observed at different seasons; record in journal; share with the class

Students conduct an interview 6 Elders or adults in the community or theirdmily.
Before they go, you may want to review the relevantarms of water in all three states
such as snow sleet, permafrost, bg, clouds etc.

Help students generate questions to ask, such as theotlowing: How does water
change of state during break-up or freeze-up affect your life/job? What problems does
the change d state of water cause in your community? What solutions have people

found to solve these problems?

When students return from their interviewthey share the inbrmation and stories they
collected. Discuss Brainstorm a list o properties d each of the states of water (local
examples as well as global eamples). Introduce different Ifiupiagq names &r water

and snow. Discuss how each Ifiupiaq &rm is different and why a new word ér each

type of water and snow is helgdul.
avun  powder snow
sigu ice
aniu  snow on ground
kuuk  river

gannatuq
gilakluk  cloud

snow falling down

ganig  snowflake
iziq steam



Fill a clear plastic bottle or pop can with waterReplace cap. Ask students to predict
what will happen when the bottle is frozen. Record predictions andxplanations in
journals using words and pictures Make qualitative and quantitative observation
the bottle/cans d water. Record observations in journals Put bottles/cans outside (if
cold enough) or in freezer After it is frozen record both qualitative and quantitative
observations

Expanded Sample Assessment Idea

Students develop a strategy to sink an ice cuhe

Procedure
Students will:
1. Predict if they can sink an ice cube
2. Work in teams to develop a strategy to mak the ice sink.

3. Demonstrate their ice-sinking apparatus; share strategies and observations
with the class

Reflection and Revision

Why is ice so hard to sink? Discuss the propertiesfoice and water (what they look
like, feel like, smell lile, taste like and how they behave in relation to sinking
and floating.) How are these two &rms of water alike and how are they

different? Discuss density.

Levels of Performance

Stage 4  Student work is complete correct, shows evidence © logical

- = [€ASONING and transfer and &tension o knowledge related to the

——— physical properties @ the three states d water. Explanation o -
water's change o state includes correct terminologyphysical properties @
each state of water, a description d where each phase occurs in nature
and an example of how each change in the state & water affects the local
community. The student describes a detailed strategy to sink an ice cube

or explains why it isn't possible

Stage 3  Student work shows evidence 6 logical reasoning and transfer W iy
- Of knowledge related to the physical propertiesfothe three g ;
il - ;

== States of water, but may contain minor errors or omissions pek 1
Student explanation of water's change o state includes N .
correct terminology physical properties ¢ some of the states -
of water, some descriptions ¢ where water occurs in nature bion oo stapnin,
and at least one example of how a change in the state ¢ ’ 1 Raadlc
water affects the local community. The student describes a “:._, B, o SR
strategy to sink an ice cube hatoim Bl prad spam fa

Stage 2 Student work contains omissions or errors fscience fct and
- leasoning. Student eplanation o water's change d state may identify an
== example of where water occurs in nature describes an example of how
water is used within the local communityuses some appropriate
terminology and may describe some physical properties bwater in one o
its three states A strategy to sink an ice cube if included, may be
incomplete or lack detail.
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Stage 1  Student explanation dof the change d state of water is largely incomplete
- Incorrect, and shows little evidence ounderstanding the role ¢ water in
the local community.

=<+ Standards Cross-References

National Science Education Standards

Objects have many observable propertiesincluding size weight,
shape, color, temperature, and the ability to react with other
substances These properties can be measured using toolssuch as
rulers, balances, and thermometers (Pg. 127)

Materials can exist in different states — solid, liquid, and gasSome
common material§ such as water, can be changed from one state
to another by heating or cooling. (Pg. 127)

A substance has characteristic propertigssuch as density a boiling
point, and solubility all of which are independent ¢ the amount of
the sample. A mixture of substances dften can be separated into
the original substances using one or more Hbthe characteristic
properties (Pg. 154)

Benchmarks

Heating and cooling cause changes in the propertiesfanaterials.
Many kinds o changes occur fster under hotter conditions (Pg.
77)

When a new material is made by combining two or more materials
it has properties that are different from the original materials-or
that reason, a lot d different materials can be made from a small
number of basic kinds d materials. (Pg. 77)



Alaska Science
Key Element A3

A student who meets the content standard should understand models describing the
composition, age and size of our universe galaxy, and solar system and understand
that the universe is constantly moving and changing (Universe).

Performance Standard Level 2, Ages 8-10

Students make observations d the daytime and nighttime sky and create a 3-dimensional model toxplain the movement ¢

the Earth and moon in our solar system.

"% Sample Assessment ldeas

e Students use models to demonstrate the motion and positionfcthe sun during Alask’s summer and winter
days; explain the cause d these dramatic seasonal changes

e Students describe the daily monthly, and yearly motion o the moon.

Standards Cross-References

National Science Education Standards

An objects motion can be described by tracing and
measuring its position over time (Page 127)

The Earth is the third planet from the sun in a system that
includes the moon, the sun, eight other planets and their,
moons, and smaller objects such as asteroids and comets
The sun, an average star is the central and largest body in
the solar system. (Page 160)

Most objects in the solar system are in regular and
predictable motion. Those motions eplain such phenomena
as the day, the year, phases of the moon, and eclipses
(Page 160)

Benchmarks

The patterns d stars in the sky stay the same although
they appear to move across the sky nightlyand different
stars can be seen in different seasons (Page 68)

Like all planets and stars the Earth is approakimately
spherical in shape The rotation o the Earth on its axis
every 24 hours produces the night-and-day cyclélo people
on Earth, this turning d the planet males it seem as though
the sun, moon, planets and stars are orbiting the Earth
once a day. (Page 63)

Planets change their positions against the baaound of
stars. (Page 63)

The Earth is one d several planets that orbit the sun, and
the moon orbits around the Earth. (Rge 63)

Stars are like the sun, some being smaller and some larger
but so far away that they look lile points o light. (Page
63)
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Alaska Science
Key Element A4

A student who meets the content standard should understand observable natural events
such as tides weather, seasons, and moon phases in terms d the structure and motion
of the Earth (Earth).

Performance Standard Level 2, Ages 8-10

Students observe natural events related to weatheseasons, and phases of the moon, and identify patterns in their observations

« Sample Assessment ldeas

e Students observe record, and describe the motion 6the moon during one day or night.
e Students observe record, and describe the phase changes bthe moon during one month.
e Students discuss past ice-flow break-up dates; identify possible weather patterns regarding break-up.

Expanded Sample Assessment Idea

e Students create a song or poem to describe patterns in the weather

Procedure Level of Performance

Students will: Stage 4  The student song or poem accurately describes

1. Interview Elders to learn Native weather-related | = -=#= changing weather patterns using scientific
terminology; listen to native songs and song patterns; knowledge data collected during daily weather

identify weather patterns and Native ways to predict measurements, and indigenous knowledge or
them. stories The song or poem and the &planation

show detailed evidence & transfer and extension

2. Collect daily weather measurements & temperature, of weather-related knowledge

wind speed and direction, and precipitationdr two

months. Stage 3  The student song or poem accurately describes

3. Ob loud Brmati q di tellit - changing weather patterns using several
' SErve cloud brmations and corresponding satetiite - examples of scientific knowledge data collected
weather pictures

during daily weather measurements or

Analyze the data for patterns indigenous knowledge and storiesThe song or

Write a song or poem that describes patterns in the poem and the explanation show evidence 6

weather over time Use repeating parts ¢ the song or transfer and extension o weather-related

poem to emphasize specific weather irdrmation. knowledge but may contain minor errors or
omissions

6. Share song or poem with the class
Stage 2  The student song or poem may contain evidence

Reflection and Revision - Of skilled word-play but may be incomplete

incorrect, or lack scientific weather detail.
Student work shows limited evidence bweather-

related knowledge transfer or extension d this

knowledge and may contain errors d science

fact and reasoning.

What specific knowledge did you hope to impart through
your song or poem? What part ¢ the song or poem tells

about the patterns in the weather? How do the repeating
parts of your song or poem emphasize specific weather
information? Why is this inbrmation important to

emphasize?
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Stage 1  The student song or poem and gplanation are
=== largely incomplete incorrect, and show little or
no evidence d weather-related knowledge

transfer, or extension d this knowledge

ww
-

National Science Education Standards

Weather changes from day to day and over the seasons
Weather can be described by measurable quantitiessuch

as temperature, wind direction and speed, and precipitation.

(Page 134)

Most objects in the sky are in regular and predictable motion.

Those motions eplain such phenomena as the day the
year, phases of the moon, and eclipses (Page 160)

Gravity is the brce that keeps planets in orbit around the
sun and governs the rest ¢ the motion in the solar system.
Gravity alone holds us to the Eartls surface and explains
the phenomena d the tides (Page 161)

The sun is the major source & energy for phenomena on
the Earth’s surface, such as growth d plants, winds, ocean

currents and the water cycle Seasons result from variations
in the amount o the sun’s energy hitting the surdice, due

to the tilt d the Earth's rotation on its axis and the length
of the day. (Page 161)
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Benchmarks

Things on or near the Earth are pulled toward it by the
Earth’s gravity. (Page 68)

Like all planets and stars the Earth is appraimately

spherical in shape The rotation d the Earth on its axis

every 24 hours produces the night-and-day cyclélo people

on Earth, this turning d the planet makes it seem as though

the sun, moon, planets and stars are orbiting the Earth
once a day. (Page 68)

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 fowater. Clouds

and fog are made o tiny droplets d water. (Page 68)

Air is a substance that surrounds us takes up space, and
whose movement we feel as wind. (Rge 68)



Alaska Science
Key Element A5

A student who meets the content standard should understand the strength and effects
of the forces of nature, including gravity and electromagnetic radiation (ForcesfdNature).

Performance Standard Level 2, Ages 8-10

Students observe the érce and energy manifestations & nature, such as gravity magnetism, light and electricity and their

interactions with a variety & materials.

v’g Sample Assessment Ideas

e Students describe and &plain how the weight é an object will be different on the moon and on the Earth.

e Students describe and aplain static electricity—create charges by rubbing rabbit fur on different materials;
compare the charges created and rank each material according to amountfacharge produced.

e Students measure how the push / pull & poles of magnets varies with the distance apart; chart or graph

the results

e Students draw ray diagrams to &plain how an image is Bbrmed in a mirror; predict where the image will

appear.

Standards Cross-References

National Science Education Standards

Gravity is the brce that keeps planets in orbit around the
sun and governs the rest ¢ the motion in the solar system.
Gravity alone holds us to the Eartls surface and explains
the phenomena d the tides (Page 161)

Light interacts with matter by transmission (including
refraction), absorption, or scattering (including reflection).
To see an object, light from that object—emitted by or
scattered from it—must enter the eye (Page 155)

Electrical circuits provide a means btransferring electrical
energy when heat, light, sound, and chemical changes are
produced. (Page 155)

Benchmarks
The Earth’s gravity pulls any object toward it without
touching it. (Page 94)

Without touching them, a magnet pulls on all things made
of iron and either pushes or pulls on other magnets(Page
94)

Without touching them, material that has been electrically
charged pulls on all other materials and may either push or
pull other charged materials (Page 94)
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motion (Motion).

Alaska Science
Key Element A6

A student who meets the content standard should understand thatofces of nature
cause different types & motion, and describe the relationship between theseofces and

Performance Standard Level 2, Ages 8-10

Students predict how an object speed, motion and direction change when outsideofce is applied.

b

A Sample Assessment Ideas

e Students explore how a change in ramp height or mass bcar affects the speed, direction, and distance

traveled by cars on ramps

e Students observe the motion in a Newton’' cradle demonstration; aplain forces and motion involved.

Expanded Sample Assessment Idea

e Students build a miniature sled; measure the average speed at which it moves when differentrfes are

applied.

Materials
Meter stick, wooden block with screw at end, lengthfo
light cord or fishing lingholder for weights (cup with hood
or strings), weights (washers or small fishing weights),
stopwatch

Procedure
Students will:

1. Lay out a measured track on the table by marking f
10 cm intervals (NOTE: The speed d the sled will
change as it moves so the accuracy d the measuring
marks will be very important.)

2. Attach the cord or line to the block (sled) and to the
weight (mass) holder; position the sled so the holder
hangs over the edge d¢ the table and the sled is
stationed at the beginning & the track.

3. Add weights to the holder until the sled just starts to

move.

4. Measure the time it tales for the sled to travels the
length o the track; record all measurements; calculate

the speed by dividing the distance traveled by the time

it took to travel that distance
5. Repeat the experiment (steps 3—-4) two or three times

6. Double the number d weights in the holder and repeat
steps 3-5.

Organize and tabulate data; male appropriate graphs

Compare class data from different sled sizes different
materials, different masses on sleds and so on.

Reflection and Revision

Are the results the same when you compare trials 1, 2 and
3? What causes the results to vary? How could the procedure
be improved to reduce the amount & variability? How will
the results change if the sled moves along a different track
surface? What would happen if you had a pulley ér the
line to go over at the tables edge? Why? Is there a pattern
with the size d sled? Mass of sled? Material for the track?

Levels of Performance

Stage 4  Student work is complete well-organized, and
- = Shows detailed evidence & the transfer and
. i

extension d knowledge that relates brces to
an objects speed, motion, and change in
direction. All measurements calculations and
graphs are accurate and clearly labeled. Studens’
experimental analysis includes a detailed
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discussion d factors that affect reliability (track
surface, friction, maintaining straight-line
motion, etc) and student incorporates this
information to suggest appropriate gperimental

design changes that will reduce variability.

Stage 3  Student work is mostly completeorganized, and
- shows some evidence @ the transfer or extension
=== Of knowledge that relates brces to an objects

speed, motion, or change in direction. Most
measurements, calculations and graphs are
accurate and labeled, although they may contain
minor errors or omissions Student’s experimental
analysis includes a discussion 6 at least two
factors that affect reliability (track surdce,
friction, maintaining straight-line motion, et}

and student uses some d this information to
suggest an experimental design change to reduce

variability.

Stage 2 Student work may be incomplete or poorly
- Organized and shows little evidence b
e knowledge relating to 6rces, speed, or motion

of an object. Measurements calculations and
graphs are included but are incompletemissing
labels, or incorrect. Students experimental
analysis, if included, may contain
misconceptions or errors 6 reasoning.

Stage 1  Student work is mostly incompletg incorrect,
== Or contains evidence & major misconceptions

relating to Prces, speed, or motion d an object.

o

National Science Education Standards

The motion d an object can be described by its position,
direction o motion, and speed. That motion can be
measured and represented on a graph. (Rge 154)

An object that is not being subjected to adrce will continue
to move at a constant speed and in a straight line(Page
154)
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. Standards Cross-References

Benchmarks

Changes in speed or direction bmotion are caused by brces.

The greater the brce is, the greater the change in motion
will be. The more massive an object is the less effect a
given force will have (Page 89)

How fast things move differs greatly. Some things are so
slow that their journey taks a long time; others move too
fast for people to even see them. (Rge 89)



Alaska Science
Key Element A7

A student who meets the content standard should understand how the Earth changes
because of plate tectonics earthquakes, volcanoes erosion and deposition, and living
things (Processes that Shape the Earth).

Performance Standard Level 2, Ages 8-10

Students observe and describe changes in the local environment caused by weathewaves, wind, water, ice, and living
organisms.

‘i Sample Assessment ldeas

e Students take a field trip to observe and describe local geologic features (riversnountains, valleys, rock
outcroppings erosion, changes to tundra and permafrost, and so on); map the location forocks they
observe on the trip; discuss where these roskmay have originated, and what events might have caused
rocks’ movement to this site

e Students identify local evidence berosion and deposition ¢ materials; explain the cause d erosion and
deposition including érces o the river or sea.

Expanded Sample Assessment Idea

e Students build a stream table to &amine erosion.

Procedure Level of Performance
Students will: Stage 4  Student work is complete shows evidence d
1. Work with a team of 3-4 students to design and build | === =#= logical reasoning, and knowledge bchanges in
a stream table that will demonstrate the effect b stream beds caused by moving waterBefore and
moving water on the Earths surface. (Use local soil, after diagrams are clearly labeled and contain
gravel, and rocls in a wooden box or plastic container) multiple details o the stream table

. . demonstration.
2. Draw a diagram that shows the position 6 the rocls,

gravel, and soil in the stream table Stage 3 Stu_der_1t work may contai_n minor errors or
. . - Omissions but shows evidence & logical
3. Tilt the table; pour a continuous supply bwater onto -

- reasoning and knowledge & changes in the

the stream table stream beds caused by moving waterBefore and

4. Draw another diagram that shows the changes created after diagrams are labeled and contain some
by water. details related to the stream table
5. Change the stream bed; male a new diagram that shows demonstration.

the change in the variable; add water; draw a diagram Stage 2  Student work is incomplete incorrect, lack
that shows the changes observed. -+ detail, may contain errors ¢ science fict and
. . . - reasoning, and shows limited evidence b
Reflection and Revision knowledge d changes in the stream beds caused
What would happen if the quantity ¢ water in the stream by moving water Diagrams may show skilled
was increased? How can a stream table model be used to artwork but limited inbrmation related to the

make predictions that would help the local community? stream table demonstration.
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Stage 1
oy

Student work is mostly incompletg incorrect,
and contains errors d science fict and reasoning,
and shows little or no evidence bknowledge d

how moving water changes the steam beds
Diagrams may show skilled artwork, but do not
describe the stream table demonstration.

¥
in

National Science Education Standards

The surface of the Earth changes Some changes are due to
slow processes such as erosion and weathering, and some
changes are due to rapid processes such as landslides

volcanic eruptions and earthquakes. (Page 134)

Water, which covers the majority ® the Earth’s surface,

circulates through the crust, oceansand atmosphere in
what is known as the “water cycle” Water evaporates from
the Earth’s surface, rises and cools as it moves to higher
elevations condenses as rain or snowand falls to the surfice

where it collects in laks, oceans, soil, and in rocls

underground. (Page 160)

Living organisms have played many roles in the Earth
system, including affecting the composition fothe

atmosphere, producing some types @ rocks, and contributing

to the weathering d rocks. (Page 160)
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Standards Cross-References

Benchmarks

Waves, wind, water and ice shape and reshape the Eartls
land surface by eroding rock and soil in some areas and
depositing them in other areas sometimes in seasonal
layers. (Page 72)

Rock is composed d different combinations ¢ minerals.
Smaller rocks come from the brealage and weathering d
bedrock and larger rock. Soil is made partly from weathered
rock, partly from plant remains-and also contains many living
organisms. (Page 72)



Alaska Science
Key Element A8a

A student who meets the content standard should understand the scientific principles
and models that describe the nature & physical, chemical, and nuclear reactions (Energy
Transformations).

Performance Standard Level 2, Ages 8-10

Students observe and describe physical and chemical changes to a system.

?’i Sample Assessment ldeas

e Students examine and describe properties ® non-Newtonian fluids (such as a mixture & water and corn
starch a.k.a. “Oobleck™); compare with the properties bthe starting substances

e Students saw a wooden board into piecescompare properties; burn half the pieces; compare the resulting
ash with the unburned pieces; accountdr gain or loss d volume and/or mass

Expanded Sample Assessment ldea

e Students investigate and report on several mixture systems to determine characteristicé physical and
chemical change

Materials Reflection and Revision
O test tubes or well trays What properties do the substances have in common? What
0 chemicals in both solid and solution drm, such as properties are different? What is evidence b physical
sodium chloride (salt), sodium bicarbonate (baking change? What is evidence & chemical change? Which mixing
soda), acetic acid (white vinegar), silver nitrate operations &ll into which category and why?
Suggestions br mix systems: Levels of Performance

> salt + water, stir Stage 4  Student response shows clear understanding fo

e allow (1) to evaporate :: evidence regarding chemical reactions vs
« baking soda + water stir physical changes taking place in matter
rearrangements Observations are thorough and

e allow (2) to evaporate . . . . .
) P interpreted with considerable detail and logical

e vinegar + solution (1) reasoning.
= vinegar + solution (3) Stage 3  Student response shows understanding ©
e silver nitrate + solution (1) - evidence regarding chemical reactions vs

=== physical changes taking place in matter
rearrangements Observations are thorough and

Procedure interpreted with some evidence b logical

reasoning. Minor errors may be present.

e silver nitrate + solution (3)

Students will: o )
Stage 2 Student response shows limited understanding

1. Observe and record appearance 6 substances bebre —w  Of the difference between physical and chemical

and after mixing, = Changes. Observations are minimal and
2. Observe and record behavior & substances during interpreted with limited evidence b logical
mixing. reasoning.
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Stage 1  Student response shows little understanding fo
=== physical or chemical change Observations are
minimal or totally incorrect, and interpretations

show lack o scientific reasoning.

National Science Education Standards

Substances react chemically in characteristic ways with othel
substances to brm new substances (compounds) with
different characteristic properties In chemical reactions
the total mass is conserved. Substances ften are placed in
categories or groups if they react in similar ways; metals is
an example of such a group. (Page 154)
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.. Standards Cross-Referenced

Benchmarks

Heating and cooling cause changes in the propertiesfo
materials. Many kinds of changes occur fister under hotter
conditions (Page 77)

When a new material is made by combining two or more
materials, it has properties that are different from the
original materials For that reason, a lot d different
materials can be made from a small number & basic kinds
of materials. (Page 77)



Alaska Science
Key Element A8b

A student who meets the content standard should understand the scientific principles
and models that state whenever energy is reduced in one plageit is increased
somewhere else by the same amount (Energy ffansformations).

Performance Standard Level 2, Ages 8-10

Students observe and describe heat flow from one object to another

?3; Sample Assessment Ideas

e Students examine traditional ways d heating water—putting hot rock into a birch baslet—and determine
which heats water the #stest—many small rocls or a few large rocls.

e Students place a metal container with cold water in another larger insulated container containing hot
water; measure temperature changes in both containers; plain the transfer d thermal energy from hot
to cold object.

e Students design mittens to wear outside when they go to recess; discuss the qualitief @ “good” mitten;
choose the material to use to mak the mittens; male a list of words that describe the material dr the
mittens; describe how their mitten design is better than the mittens they have right now; reakn
advertisement that they could use to “sell” their mittens

Expanded Sample Assessment Idea

e Students design ways to kep an ice cube from melting

Procedure Levels of Performance

Students will: Stage 4  Student work is complete and shows detailed

1. Create a container to hold an ice cube(Have a variety | == == e€vidence d the transfer and extension o
knowledge related to heat flowJournal contains

of materials available for the students to choose from, - -
evidence o the transfer or extension of

including, paper cotton, cups sticks, fur, feathers, )
foil, styrcfoam, tape, glue, and other materials) knowledge related to heat flowJournal contains
observations d the melting ice cube Student

designs and constructs a container that slows
the progress d melting, and describes changes

2. Put an ice cube inside the container; place it in the
designated spot.

3. Check the ice cubes as necessary; record observations that would improve the container
in a journal. Stage 3  Student work is mostly complete and shows
4. Compare results with other students in class - detailed observations & the melting ice cube
Discuss the properties  insulators and conductors === Student designs and constructs a be that
prevents the ice cube from melting, and
Reflection and Revision describes and eplains in detail changes that

Which containers workd best as insulators? Describe one would improve the container

change you would male to your container to male it work Stage 2 Student work may be incomplete and shows
better. How will this change male the container better? =+ limited evidence ¢ knowledge related to heat
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flow. Journal contains incomplete observations that would not alter its insulating capabilities
of the melting ice cube Student work may show
evidence d skilled craftsmanship but the ba
design does little to slow the progressfamelting.
Student may describe changes to the container

Stage 1  Student work is mostly incompletg

=== iNappropriate, shows little evidence @

craftsmanship or knowledge related to
insulating abilities ¢ materials.

Standards Cross-References

National Science Education Standards Benchmarks

Heat moves in predictable waysflowing from warmer objects When warmer things are put with cooler onesthe warm
to cooler ones until both reach the same temperature (Page ones lose heat and the cool ones gain it until they are at
155) the same temperature A warmer object can warm a cooler

one by contact or at a distance (Page 84)
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Alaska Science
Key Element A8c

A student who meets the content standard should understand the scientific principles
and models that state that whenever there is a trangfrmation of energy, some energy is
spent in ways that male it unavailable fr use (Energy Transformations).

Performance Standard Level 2, Ages 8-10

Students determine heat conductivity bvarious materials

?‘i Sample Assessment Ideas

e Students explain why different types & clothing are worn in different weather conditions

e Students list several heat conductors and heat insulatorsofind in their home; eplain the different job
that each does

Expanded Sample Assessment Idea

e Students measure the conductivity b different insulation materials as a function & thickness; predict
which could be used to build a home dr winter or summer use

Materials Reflection and Revision
O heat lamp (or could be done outdoors in the sunlight How could measurements be improved to get more
in summer) reproducible results? Identify and gplain insulation in your
0 thermometer home/community that worls this way. What happens to

the heat in each case? Which is the best material dr
building? Why? Does it depend on the weather? Is there a
difference in insulating against cold rather than heat
(imagine if you lived in the desert)? Why or why not?

O blocks of various materials d differing thickness such
as wood, brick or concrete fiberglass (covered and
sealed), wallboard, ice block (where available) and

so on.)
Levels of Performance

Procedure _

Students will- Stage 4  Student work is complete and shows clear
udents witl: e - evidence d ability to conduct a reproducible
1. Discuss the best way to set up the lamp over the experiment to measure heat conduction. Data

material with the thermometer underneath so that the and observations are recorded in detail. Student
different measurements can be compared. describes an appropriate method to improve the
2. Discuss what is the best measure to judge insulation— reproducibility ¢ the measurements Student
the temperature after a certain time or the maximum accurately identifies and e&plains in detail
temperature that is reached? insulators and conductors used in their home

Building applications 6r both hot and cold
climates are discussed in detail and shows
extensive evidence 6 the transfer o knowledge

Set up each material according to the class design.

Measure the temperatures as a function & time; record

and graph the data. . .
arep ) ] Stage 3  Student work is complete and shows evidence
5. Compare results with other students in class; graph = of ability to conduct an &periment to measure

class .de:ta to show different thickness and different o heat conduction. Data and observations are
materials.
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recorded. Student describes a method that
affects the measurements although it may not
improve the reproducibility. Student accurately
identifies and eplains an insulator and a
conductor used in their home Building
applications Pr both hot and cold climates are
discussed and shows evidence bthe transfer o

knowledge
Stage 2  Student work may be incomplete and shows
- limited evidence d ability to conduct an

experiment to measure heat conduction. Data
and observations are recorded but errors are
made. Student may not include suggestion dr

improving the measurements Student identifies
an insulator or conductor used in their home
but may not include an eplanation o its use.
Building applications if present, lack detail and
show limited transfer ¢ knowledge

Stage 1  Student work is mostly incomplete and shows
misconceptions regarding gperimental design
and heat conduction. Data and observations are
incomplete or incorrectly recorded. Student
identifies an insulator or conductor used in their
home. Building applications if present, are

incorrect and show evidence b misconceptions

National Science Education Standards

Heat can be produced in many ways such as burning,
rubbing, or mixing one substance with anotherHeat can
move from one object to another by conduction. @e 127)

Heat moves in predictable waysflowing from warmer objects
to cooler ones until both reach the same temperature (Page
155)
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'-_"-~.-:~_ Standards Cross-References

Benchmarks

Things that give df light also give df heat. Heat is produced
by mechanical and electrical machinesand any time one
thing rubs against something else (Page 84)

When warmer things are put with cooler onesthe warm
ones lose heat and the cool ones gain it until they are at
the same temperature A warmer object can warm a cooler
one by contact or at a distance (Page 84)

Some materials conduct heat much better than othersPoor
conductors can reduce heat loss (Page 84)



Alaska Science
Key Element A9

A student who meets the content standard should understand the transfers and
transformations of matter and energy that link living things and their physical environment
from molecules to ecosystems (Flow & Matter and Energy).

Performance Standard Level 2, Ages 8-10

Students describe the cycling b matter and transfer d energy in the local ecosystem.

?‘i Sample Assessment Ideas

e Students diagram a fod chain starting with a local animal (such as salmon or small mammal) and trace
the matter and energy back to plants and the sun.

e Students diagram the cycle & growth, decay and renewal that begins in a compost pile and continues as
the gardener uses the compost on a garden.

Standards Cross-References

National Science Education Standards Benchmarks

Populations of organisms can be categorized by the function Almost all kinds d animals’ food can be traced back to
they serve in an ecosystem. Plants and some microorganisms plants. (Page 119)

are producers—they male their own od. All animals Some source d “energy” is needed br all organisms to stay
including humans are consumers which obtain bod by alive and grow (Page 119)

eating other organisms Decomposers primarily bacteria
and fungi, are consumers that use waste materials and dead
organisms for food. Food webs identify the relationships
among producers consumers, and decomposers in an
ecosystem. (Page 157)

Over the whole Earth, organisms are growing, dying, and
decaying, and new organisms are being produced by the
old ones (Page 119)

For ecosystems the major source d energy is sunlight.
Energy entering ecosystems as sunlight is transferred by
producers into chemical energy through photosynthesis
That energy then passes from organism to organism inobd
webs. (Page 158)
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Alaska Science
Key Element A10

A student who meets the content standard should understand that living things are
made up mostly of cells and that all life processes occur in cells (Cells).

Performance Standard Level 2, Ages 8-10

Students recognize the basic requirementsdr all living things: 6od, water, waste disposal and reproduction.

Standards Cross-References

National Science Education Standards Benchmarks

All organisms are composed & cells-the fundamental unit Some living things consist 6 a single cell. Lilke familiar
of life. Most organisms are single cells; other organisms organisms, they need fod, water, and air; a way to dispose
including humans are multicellular (Page 156) of waste; and an environment they can live in. (Rge 111)
Cells carry on the many functions needed to sustain life Microscopes male it possible to see that living things are
They grow and divide thereby producing more cells This made mostly of cells. Some organisms are made ¢ a
requires that they tale in nutrients which they use to collection d similar cells that benefit from cooperating.
provide energy br the work that cells do and to mak the Some organisms’ cells vary greatly in appearance and peofm
materials that a cell or an organism needs (Page 156) very different roles in the organism. (Bge 111)
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Alaska Science
Key Element A1l

A student who meets the content standard should understand that similar features are
passed on by genes through reproduction (Heredity).

Performance Standard Level 2, Ages 8-10

Students identify characteristics bplants and animals that are inherited as well as characteristicsfoplants and animals that
are influenced by the environment.

’i Sample Assessment Ideas

e Students examine the phenomenon d “snowballing” on dogs’ feet; identify the characteristicsfothe dog
and factors of the environment that affect this tendency.

e Students grow FAST® plants for two generations; leep a journal with details about inherited characteristic
(leaf shape, flower color number of seeds and so on.)

Standards Cross-References

National Science Education Standards Benchmarks

Plants and animals closely resemble their parents (Page Some likenesses between children and parentssuch as eye
129) color in human beings or fruit or flower color in plants
Many characteristics ¢ an organism are inherited from the are inherited. Other liknesses, such as peoples table
parents of the organism, but other characteristics result] ~ Manners or carpentry skills are learned. (Page 107)

from an individuals interactions with the environment. For offspring to resemble their parents there must be a
Inherited characteristics include the color foflowers and reliable way to transfer inbrmation from one generation to
the number of limbs of an animal. Other features such as the next. (Page 107)

the ability to ride a bicycleare learned through interactions
with the environment and cannot be passed on to the né
generation. (Page 129)

The characteristics & an organism can be described in terms
of a combination d traits. Some traits are inherited and
others result from interactions with the environment. €ge
157)
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ecosystems (Diversity).

Alaska Science
Key Element A12

A student who meets the content standard should distinguish the patternd similarity
and differences in the living world in order to understand the diversityf dife and
understand the theories that describe the importance fodiversity br species and

Performance Standard Level 2, Ages 8-10

Students categorize groups & plants and animals according to &ternal features and eplain how these features help

organisms survive in different environments

?’i Sample Assessment ldeas

e Students match a given eternal feature (for example, feet, ears, teeth, leaves roots) with their use;
describe how this &ternal feature helps the organism to survive in its environment.

e Students design an animal that can survive in a particular environment.

Standards Cross-References

National Science Education Standards

Each plant or animal has different structures that serve
different functions in growth, survival, and reproduction.
For example, humans have distinct body structures dr
walking, holding, seeing, and talking. (Bge 129)

Plants and animals have life cycles that include being born,
developing into adults reproducing, and eventually dying.
The details o this life cycle are different ér different

organisms. (Page 129)

Benchmarks

A great variety d kinds of living things can be sorted into
groups in many ways using various features to decide which
things belong to which group. (Bge 103)

Features used for grouping depend on the purpose bthe
grouping. (Page 103)
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Alaska Science
Key Element A13

A student who meets the content standard should understand the theoryf matural
selection as an eplanation for evidence d changes in life brms over time (Evolution
and Natural Selection).

Performance Standard Level 2, Ages 8-10

Students describe how living organisms have changed over time

?’g Sample Assessment Ideas

e Students use ossil evidence to show how an animal species has changed over time qf example, horse,
whale, elephant).

e Students reconstruct an animal using a card set bfossilized animal bones

Expanded Sample Assessment Idea

e Students invent a new life &rm and describe its relatedness to other species

Procedure Stage 3  Student work shows evidence & logical
Students will: - reasoning, but may contain minor errors or

=== OMissions. Student drawing or model,

1. Imagine they have just returned from a scientific explanation, and bssil creation show evidence

expedition and have collected a new species folife. of knowledge o adaptations and the change d
2. Draw a picture or build a 3-D model 6 this new living organisms over time
organism. Stage 2  Student work may show skilled craftsmanship
3. Describe the habitat in which the organism wasdund; e o but is incomplete incorrect, or may contain
describe the specialized body parts that help the errors of science fact or reasoning. Student
organism live in its habitat. drawing or model, eplanation, and fossil
Describe how the organism resembles known lifeofms. c:jeatloq show Iqultedhewder:BC(Ie.pknowledg_e d
. L . adaptations or the change @ living organisms
Create a piece d fossil evidence that shows how this ovef time g g org

organism has changed over time ) ) )
Stage 1  Student work is largely incompletg incorrect,

Reflection and Revision === shows little evidence & understanding and may

. . L contain major misconceptions
What adaptation would the species need to survive in ) P

Alaska?

Level of Performance

Stage 4  Student work is complete and shows evidence
- =« Of logical reasoning. Student drawing or model,
explanation, and fossil creation show etensive
evidence d knowledge d adaptations and the

change o living organisms over time

L2-35



National Science Education Standards

An organisms patterns o behavior are related to the nature
of that organisms environment, including the kinds and
numbers of other organisms present, the availability bfood

and resources and the physical characteristics 6 the

environment. When the environment changessome plants

and animals survive and reproduce and others die or move
to new locations (Page 129)

Extinction d a species occurs when the environment
changes and the adaptive characteristics Da species are
insufficient to allow its survival. Fossils indicate that many
organisms that lived long ago are gtinct. Extinction &
species is common; most & the species that have lived on
the Earth no longer «ist. (Page 158)
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.. Standards Cross-References

Benchmarks

Individuals o the same kind differ in their characteristics
and sometimes the differences give individuals an advantage
in surviving and reproducing. (Bge 123)

Fossils can be compared to one another and to living
organisms according to their similarities and differences
Some organisms that lived long ago are similar to»dsting
organisms, but some are quite different. (Rage 123)



Alaska Science
Key Element Al4a

A student who meets the content standard should understand the interdependence between
living things and their environments (Interdependence).

Performance Standard Level 2, Ages 8-10

Students classify imiliar plants and animals based on their position in a simpledod chain.

ﬂg Sample Assessment Idea

e Students report on two local habitats; compare the typesfoplants and animals living in each habitat.

e Students report on one arctic and one non-arctic habitat; compare the plants and animals living in each
habitat.

Expanded Sample Assessment Idea

e Students tale a field trip to a local musleg or pond; investigate how the needs banimals or plants are
provided by the local environment.

Procedure Level of Performance
Students will: Stage 4  Student work is complete and shows evidence
1. Take a field trip to a local musleg or pond. v - of logical reasoning. Student correctly identifies

environmental resources that provide the basic
needs of the plant and animal, and predict what
happens when the resources decrease

2. Investigate the plant life insects birds, and other
animals found there

3. Investigate the physical environment including the

. Stage 3  Student work shows evidence 6 logical
presence o water, and type of terrain.

== reasoning, but may contain minor errors or

4. Choose one animal and one plant to écus upon. == omissions. Student correctly identifies
Use field notes and other research to prepare a poster environmental resources that provide the basic
or written report, (include sources  food, water, needs of the plant and animal, but may not
shelter, air, sunlight, mates (or pollinators), and predict what happens when the resources
sources o competition br resources at the site) decrease.

. .. Stage 2 Student work may be incomplete or contain
Reflection and Revision = errors of science fict and reasoning. Student

What happens to the organism when a specific resource identifies the basic needs 6 plants and animals

decreases? Which plants and animals are dependent on each along with some environmental resources that

other? What happens when the organisms die? provide those needs

Stage 1  Student work may identify some basic needs b
=== the plant or animal, however it is largely
incomplete contains major misconceptions
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L_:-."-"'-' .. Standards Cross-References

National Science Education Standards

All organisms must be able to obtain and use resources
grow, reproduce and maintain stable internal conditions
while living in a constantly changing»eernal environment.
(Page 157

Resources are things that we get from the living and non-
living environment to meet the needs and wants foa
population. (Page 140)

Some resources are basic materials such as air, water, and
soil; some are produced from basic resourcessuch as food,
fuel, and building materials; and some resources are non-
material, such as quiet places beauty, security, and safety.
(Page 140)

The supply o many resources is limited. If used, resources
can be extended through recycling and decreased usgPage
140)
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Benchmarks

For any particular environment, some kinds bplants and
animals survive well, some survive less well, and some
cannot survive at all. (Rage 116)

Insects and various other organisms depend on dead plant
material for food. (Page 116)

Organisms interact with one another in various ways besides
providing bod. Many plants depend on animals ér carrying
their pollen to other plants or dr dispersing their seeds
(Page 116)



Alaska Science
Key Element Al4b

A student who meets the content standard should understand that the living environment
consists d individuals populations and communities (Interdependence).

Performance Standard Level 2, Ages 8-10

Students identify groups & plants and animals that live within characteristic biomes

?-31 Sample Assessment Ideas

e Students collect pictures & plants and animals and group them according to the biome in which they live
e Students identify bur species d animals that live within 10 miles & their home

Expanded Sample Assessment Idea

e Students prepare a class report that discusses the life-cycle and habits @ solitary living animal or an
animal that lives in a group, with special attention to the environment in which the animal lives

Procedure of both genders and the community as a whole;
and advantages and dangers d both solitary
living and group-living.

Students will:

1. Choose an animal to study .
) ) . ] Stage 3  Student work shows evidence & knowledge
2. Discuss with Elders the behavior and life cycle fothe == related to animal life cycles as well as logical

anlmal_and_how thls_ affects t_he an_lmals survival (if e as reasoning but may contain minor errors or
the animal is endemic to Arctic region.)

omissions. The report includes inérmation

3. Conduct library research and produce a report. related to: the animal$ social behavior and at
i . least one behavioral change that occurs during
Reflection and Revision the animal’s life cycle; how the animals
What living-arrangement changes occur during the animals’ behaviors affect other individuals & both
life cycle? How old is the animal when it separates from its genders and the community as a whole;
mother? What would change if the solitary animal lived in advantages and dangers d@ solitary living or
a group or the group animal lived alone? What advantage group living.
is there to living in a group? What advantage is there to Stage 2  Student work is incomplete shows limited
living alone? What dangers are &ced by the animals that - evidence d knowledge related to animal life
live in a group? What dangers are &ced by the animal that has cycles and may contain errors 6 science fict
lives alone? and reasoning. The report may include
information related to: the animal$ social
Level of Performance behavior; how the animals behaviors affect other
Stage 4  Student work is complete shows evidence d individuals or the community as a whole; or
=+ == logical reasoning and knowledge related to advantages and dangers d solitary living vs
animal life cycles The report is detailed and group living.
includes inbrmation related to: the animals Stage 1  Student work is largely incompletgshows little
social behavior and behavioral changes which - evidence d knowledge related to animal life
occur throughout the animak life cycle; how cycles and may contain major misconceptions

the animal’s behaviors affects other individuals
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Standards Cross-References

National Science Education Standards

A population consists @ all individuals d a species that
occur together at a given place and timeAll populations
living together and the physical dctors with which they
interact compose an ecosystem. (Rge 157)

Populations of organisms can be categorized by the function
they serve in an ecosystem. Plants and some microorganisms
are producers—they male their own od. All animals
including humans are consumers which obtain bod by
eating other organisms Decomposers primarily bacteria
and fungi, are consumers that use waste materials and dead
organisms for food. Food webs identify the relationships
among producers consumers, and decomposers in an
ecosystem. (Page 157)

L2-40

Benchmarks

A great variety d kinds of living things can be sorted into
groups in many ways using various features to decide which
things belong to which group. (Bge 103)

Organisms interact with one another in various ways besides
providing bod. Many plants depend on animals ér carrying

their pollen to other plants or dr dispersing their seeds
(Page 116)



Alaska Science
Key Element Al4c

A student who meets the content standard should understand that a small change in a
portion o an environment may affect the entire environment (Interdependence).

Performance Standard Level 2, Ages 8-10

Students describe migration, hibernation, and other seasonal patternsfdocal animals.

ﬂg Sample Assessment ldeas

e Students study caribou migration and prepare a written report.

e Students research and debate the impact 6 building a bicycle trail or nature trail through a local wildlife
refuge.

Expanded Sample Assessment Idea

e Students study bird migration and prepare an oral or written reportfaheir findings

Procedure Level of Performance
Students will: Stage 4  Student work is complete and shows evidence
1. Choose a local migratory bird and study its migration| == == of logical reasoning. Student prepares a detailed
habits. report that includes a description bwhen and

where the birds migrate underlying fctors
responsible br the migration, and the time &
migration.

2. Make personal observation and conduct interviews with
Elders and other local people to learn when the birds

leave and when they come back to the area.

3. Use additional includi ‘ terial Stage 3  Student work shows evidence blogical reasoning
. Use additional resources including reference materials S o
g = Dut may contain minor errors or omissions

or Internet to discover why the birds migrateand the —— . )
- Student prepares a report that includes: a
environments d both habitats prep P

description ¢ when and where the birds migratg
4. Prepare an oral or written report & their findings to factors that influence migration, and may include
present to the class the time dof migration.

Reflection and Revision Stage 2 Studfant prepares a report about a mlgratory bird,
- but it may be incomplete or contain errors d

Consider the bod the birds eat at both ends & the migration. science fct and reasoning.

Stage 1  Student report is largely incompletgincorrect,
- shows little evidence & understanding, and may
contain major misconceptions
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National Science Education Standards

All organisms cause changes in the environment where they
live. Some of these changes are detrimental to the organism
or other organisms whereas others are beneficial. (Rge
129)

Some environmental changes occur slowlyand others occur
rapidly. Students should understand the different
consequences d changing environments in small increments
over long periods as compared with changing environments
in large increments over short periods fotime. (Page 140)

An organisms behavior evolves through adaptation to its
environment. How a species livesobtains food, reproduces
and responds to danger are based in the species’ evolutionary
history. (Page 157)
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.. Standards Cross-References

The number of organisms an ecosystem can support depends
on the resources available and abiotic dctors, such as
quantity of light and water range of temperatures and soil
composition. Given adequate biotic and abiotic resources
and no disease or predators populations (including humans)
increase at rapid rates Lack of resources and other &ctors,
such as predation and climate limit the growth d
populations in specific niches in the ecosystem. @je 158)

Benchmarks

Changes in an organism$ habitat are sometimes beneficial
to it and sometimes harmful. (Rage 116)



Alaska Science
Key Element A15

A student who meets the content standard should use science to understand and describe
the local environment (Local Knowledge).

Performance Standard Level 2, Ages 8-10

Students identify the limiting dctors for the survival d local plants and animals

?i Sample Assessment Ideas

e Students observe and discuss local animalsincluding how limiting #ctors effect these animals

e Students tale a field trip to a wetland area and an area that has been cleared to support urban growth. List
and compare plants and animals in each setting.

e Students interview community members to learn traditional practicesf dish and wildlife co-management
based on generational knowledge; compare with federal strategies based on annual scientific studies

Expanded Sample Assessment ldea

e Students list local resources determine if they are declining or increasing, and research possible causes
for the changes (cold temperaturg lack of precipitation, pollution, human impact, and so on.)

Procedure Stage 3 Student work shows evidence blogical reasoning
Students will: - but may contain minor errors or omissions
. - Student work contains evidence b knowledge
1. Generate a list d local resources regarding resources and limiting dctors.
2. Select small groups to research different resources from Research for a presentation includes more than
the list, and possible limitingdctors and their impact. one source. Student work is organized,
3. Use research to prepare and give a presentation on interesting, inbrmative, and includes at least
their resource using visual aids (posterscharts, graphs, one visual aid.
slides, photographs pictures etc.) Stage 2  Student work is incomplete may contain errors
i o == Of science fict and reasoning, and shows limited
Reflection and Revision = understanding d resources and limiting fictors.
Determine a method to align management & several Research for presentation may be limited to one
resources source. Presentation includes at least one visual
aid though it may lack organization.
Level of Performance Stage 1  Student work is largely incompletge may be
Stage 4  Student work is complete contains extensive - Inappropriate br age level or subject matter and
=== = evidence d knowledge regarding resource and may contain major misconceptions regarding
= limiting fctors and shows evidence 6 logical resources or limiting &ctors.
reasoning. Research br presentation includes
multiple sources Presentation is well organized,
interesting, inbrmative, and includes several
visual aids.
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National Science Education Standards

All organisms cause changes in the environment where they
live. Some of these changes are detrimental to the organism
or other organisms whereas others are beneficial. (Rge
129)

Soils have properties @ color and texture, capacity to retain
water, and ability to support the growth & many kinds of
plants, including those in our éod supply. (Page 134)

The surface of the Earth changes Some changes are due to
slow processes such as erosion and weathering, and some
changes are due to rapid processes such as landslides

volcanic eruptions and earthquakes. (Page 134)

Some environmental changes occur slowlyand others occur
rapidly. Students should understand the different
consequences d changing environments in small increments
over long periods as compared with changing environments
in large increments over short periods(Page 140)

A population consists ¢ all individuals d a species that
occur together at a given place and timeAll populations
living together and the physical dctors with which they
interact compose an ecosystem. (Rge 157)
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.. Standards Cross-References

Benchmarks

Waves, wind, water, and ice shape and reshape the Earths

land surface by eroding rock and soil in some areas and
depositing them in other areas sometimes in seasonal
layers. (Page 72)

Rock is composed d different combinations ¢ minerals.
Smaller rocks come from the brealkage and weathering d
bedrock and larger rock. Soil is made partly from weathered
rock, partly from plant remains—and contains many living
organisms. (Page 72)

A great variety d kinds of living things can be sorted into
groups in many ways using various features to decide which
things belong to which group. (Bge 103)

For any particular environment, some kinds bplants and
animals survive well, some survive less well, and some
cannot survive at all. (Rage 116)

Insects and various other organisms depend on dead plant
and animal material for food. (Page 116)

Organisms interact with one another in various ways besides
providing bod. Many plants depend on animals ér carrying
their pollen to other plants or dr dispersing their seeds
(Page 116)

Changes in an organism$ habitat are sometimes beneficial
to it and sometimes harmful. (Rage 116)

Most microorganisms do not cause diseaseand many are
beneficial. (Page, 116)



Alaska Science
Key Element A16

A student who meets the content standard should understand basic concepts about the
Theory of Relativity which changed the view & the universe by uniting matter and
energy and by linking time with space (Relativity).

Performance Standard Level 1, Ages 5—7

There is no perbrmance standard at this level.
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Alaska Science
Key Element Bl

A student who meets the content standard should use the processesf gcience; these
processes include observing, classifying, measuring, interpreting data, inferring,
communicating, identifying variables developing models and theories hypothesizing,
predicting, and &perimenting.

Performance Standard Level 2, Ages 8-10

Students observe measure, and collect data from eperiments and use this infrmation to classify predict, and communicate
about their everyday world and verify their predictions

?i Sample Assessment Ideas

e Students measure the water level 6 a local stream, river or ocean three times a day 6r one week; predict

water levels br the next three days

e Students roll marbles down an inclined plane onto suafes of different texture to collect data on the

effects of friction.

Expanded Sample Assessment ldea

e Students design their own gperiment to eplore the effect d sunlight on bean plants

Procedure
Students will:

1.

Plant lima beans in identical containers and soil. Place
half of the containers in sun or under grow lightsand
half in darkness

Predict what will happen and record the predictions

Observe and measure plant growth daily over the course
of two weels; record observations

Divide into groups @ four and classify the plants in at
least two different ways

Share observations and classification schemes with the
class. Give students the opportunity to go back and
revise their classification scheme based on class
discussion.

Reflections and Revisions

Revise their classification schemes based on the class
discussion and male predictions br growth d other plants

Level of Performance

Stage 4

i i
s el

Stage 3

Student work is correct, completg and
appropriate. Student makes accurate
measurements, accurate observations evidence-
based predictions develops reasonable
classification systems and clearly communicates
their ideas. Predictions and classification
systems are creative and elaborate as well as
accurate. Methods df communication are detailed
and creative

Student work is generally correct, completeand

appropriate. Student makes accurate

measurements, accurate observations evidence-
based predictions develops reasonable
classification systems and clearly communicates
their ideas There are some elaborations in
observation, measurement, prediction, data
collection, and communication but there may
be some flaws in accuracy in those process skills
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Stage 2 Student measurements observations
- predictions classifications and communication
i

are partially accurate with some inaccuracies or
sloppy methods There is little evidence &
elaboration or ectensions

"
L.
-

Stage 1
i

Student shows little or no ability to observe
measure, predict, classify and communicate
There is no evidence & elaboration or extension.

National Science Education Standards

Employ simple equipment and tools to gather data and
extend the senses. In early years, students develop simple
skills, such as how to observe measure, cut, connect, switch,
turn on and off, pour, hold, tie and hook. Beginning with
simple instruments students can use rulers to measure the
length, height, and depth & objects and materials;
thermometers to measure temperature; watches to measure
time; beam balances and spring scales to measure weight
and force; magnifiers to observe objects and organisms;
and microscopes to observe the finer details foplants,
animals, rocks, and other materials Children also develop
skills in the use ¢ computers and calculators br conducting
investigations (Page 122)

Use data to construct a reasonable explanation. This
aspect of the standard emphasizes the students’ thinking
as they use data to formulate explanations Even at the
earliest grade levels students should learn what constitutes
evidence and judge the merits or strength fothe data and
information that will be used to mak explanations After
students propose an e&planation, they will appeal to the
knowledge and evidence they obtained to support their
explanations. Students should check their gplanations
against scientific knowledge experiences and observations
of others. (Page 122)

Communicate investigations and explanations. Students
should begin developing the abilities to communicate
critique, and analyze their work and the work & other
students This communication might be spo&n or drawn as
well as written. (Page 122)
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Technology used to gather data enhances accuracy and
allows scientists to analyze and quantify results 6
investigations (Page 148)

Scientists develop &planations using observations
(evidence) and what they already know about the world
(scientific knowledge). Good &planations are based on
evidence from investigations (Page 123)

Benchmarks

Scientific investigations may tak many forms, including
observing what things are lik or what is happening
somewhere, collecting specimens ér analysis, and doing
experiments Investigations can 6cus on physical, biological
and social questions (Page 11)

Results of scientific investigations are seldom xactly the

same, but if the differences are large it is important to try
to figure out why. One reason 6r following directions
carefully and for keeping records d one’s work is to provide
information on what might have caused the differences
(Page 11)

Scientists’ explanations about what happens in the world
come partly from what they observe partly from what they
think. Sometimes scientists have different>planations for

the same set o observations That usually leads to their
making more observations to resolve the differenceqPage

11)

Offer reasons for their findings and consider reasons
suggested by others (Page 286)

Recognize when comparisons might not bedir because
some conditions are not kpt the same (Page 299)



Alaska Science
Key Element B2

A student who meets the content standard should design and conduct scientific
investigations using appropriate instruments

Performance Standard Level 2, Ages 8-10

Students conduct simple &periments to answer a specific question about the natural or designed world.

ﬂ;\ Sample Assessment ldeas

e Students experiment with different kinds © freezer paper and identify which prevents freezer burn the
best.

e Students experiment with one kind & berry and different amounts & sugar to determine fermentation
rates.

Expanded Sample Assessment Idea

e Students observe bean seeds and bean plants in various stagesfogrowth and investigate the effects b
changing variables (eg., water, light, fertilizer) on the growth 6 a bean plant.

Procedure 11. Students share with the class their gperimental design,
results, and conclusions including problems they had

Students will: ; . S
with the investigation and how they solved them.

1. Review the questions about plant growth listed at the

beginning d the lesson and add additional questions | Reflections and Revisions

of interest to students . . .
Discuss what they would do differently net time and why.

2. Partner with someone who would lik to ask the same Discuss how each group ensured that each test wasair
question. (If a student has a question that no one else (control variables etc.).

has, he or she may work alone)
3. Design their own eperiment using the same kind & Level of Performance

seeds. Stage 4  Student work is complete correct, and shows
4. Set up a control plant, or plants to which no changes o - evidence d elaboration, extension, and mastery
are made. of drawing inferences based on gperimental

data. The investigation has a testable question,

5. Write or select a testable question.
. i . makes a prediction, lists variables controls the
6. Predict what they think results will be variables when possible manipulates a single
7. Design an investigation to test their prediction. variable, makes accurate measurements records
8. Collect data daily. Measure and document, in words results, and makes appropriate conclusions
and pictures what happens to the seed and plant. Label Stage 3  Student work is complete but shows limited
the plant parts at all stages - evidence d elaboration, extension and ability
9. Repeat the experiment three times 3=  to draw inferences based on gperimental data.

The investigation includes a testable question,
makes a prediction, lists some variablescontrols
most (but not all) variables manipulates a single

10. Analyze data and write/illustrate results and
conclusions
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variable, makes measurements that are mostly
accurate, and records results but males
inappropriate conclusions

Stage 2 Student work may be incomplete or incorrect

- and shows limited evidence & understanding
variables and how to manipulate them. The
investigation may ask a testable question and
make a prediction. Howevey the results are

inaccurate or incomplete and the conclusions if
present, does not relate to or reflect the
experimental data.

Stage 1  Student work is incomplete and incorrect.

== Although the investigation may consider
questions about plant growth, it lack an
experimental procedure that reflects variables

controls data collection or data manipulation.

"
[L
-

National Science Education Standards

Plan and conduct a simple investigation. In the earliest

years, investigations are largely based on systematic
observations As students develop, they may design and
conduct simple &periments to answer questions The idea

of a fair test is possible br many students to consider by
fourth grade (Page 122)

Scientists use different kinds 6 investigations depending
on the questions they are trying to answer Types of
investigations include describing objectsevents, and
organisms; classifying them; and doing a dir test
(experimenting). (Page 123)

Different kinds d questions suggest different kinds 6
scientific investigations Some investigations involve
observing and describing objects organisms, or events;
some involve collecting specimens; some involve
experiments; some involve seeking more imfmation; some
involve discovery & new objects and phenomena; and some
involve making models (Page 148)

Scientific investigations sometimes result in new ideas and
phenomena for study, generate new methods or procedures
for an investigation, or develop new technologies to improve
the collection ¢ data. All of these results can lead to new

investigations (Page 148)
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Benchmarks

Results of similar scientific investigations seldom turn out
exactly the same Sometimes this is because ¢ unexpected
differences in the things being investigated, sometimes
because of unrealized differences in the methods used or
in the circumstances in which the investigation is carried
out, and sometimes just because ¢ uncertainties in
observations It is not always easy to tell which. (Rge 6)

Scientific investigations may tak many different rms,
including observing what things are lik or what is
happening somewhere collecting specimens dr analysis,
and doing experiments Investigations can bcus on physical,
biological, or social questions (Page 11)

Seek better reasons br believing something other than
“Everybody knows that . . . ” or “I just know” and discount
such reasons when given by others(Page 299)



Mini-Unit: Bean Seeds to | fakaserce |
P I antS Key Element

A student who meets the
content standard should
design and conduct
scientific investigations
using appropriate
instruments.

Performance
Standard B2,
Level 2

Students use appropriate
instruments to conduct simple
experiments to answer a specific
question about the natural or
designed world.

Cross-Reference

Additional Content and
Performance Standards:

/ Key Concepts and Skills Al5, A12, AL4, B

Students improve eperimental design techniques

CER R
wil  Timeline

About two months

» L Y
@ Abstract

Students will investigate the effects bchanging variables such as water light, and
fertilizer on the growth & a bean plant. Students will also closely observe bean seeds
and plants in various stages & growth.

Materials
[0 Bean seeds 0 Pots
O Black plastic 0 Hand lenses
O Stapler 0 Science journals
O Soil O Fertilizer
0 Measuring cups O Zip-close bags
(0 Dissecting equipment O Variety of fast-growing Alaslan seeds
O Water 0 Grow light
O Rulers O Paper towels
O Tiny Seed, by Eric Carle O Chart paper L2-53
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Read Tiny Seed by Eric Carle Show students a variety d seeds. Ask students to
describe the seeds Ask students what they know about plant growth. gk students
what questions they have about how plants growList questions on chart paper and
display in classrooms

Soak different bean seeds in water overnight. Dissect seeds and observe with hand
lenses. Record observations Ask students what new questions they have about the
seeds and how they grow List questions on another sheet & paper. Work with
students to organize their questions into thedllowing categories:

e Questions we can investigate
e Questions we can research with our own sources
e Questions we need to ask an &pert

As a class, choose one question to investigateWork as a class to write a testable
question that is appropriate 6r the level d students, materials availablg etc.
Discuss variables how to control variables and how to manipulate a single variable
Brainstorm types d observations and measurements to mak. Discuss ways to record
data.

©

Pass out more seeds bags, and wet paper towels and have students place seeds in
bags with wet paper towel. Hang the bags in front foa window or under a grow
light. Have students observe measure, and record data every other day as seeds
sprout. They should include measurement, sktches, and observations in their
journals,

Additional Activity ldeas

« Teach students the elements & a technical report and have them write up their
results and conclusions

e Have a pot-luck with different bean and vegetable dishes

< Have students research about the University foAlaska’s experimental firm
activities to produce northern-adapted seeds

< Research where the beans or Alaskn seeds they have grown come from.

Expanded Sample Assessment ldea

Students observe bean seeds and bean plants in various stagesfogrowth and
investigate the effects & changing variables (eg., water, light, fertilizer) on the
growth o a bean plant.



Procedure
Students will:

1.

0 N O O~ W

Review the questions about plant growth listed at the beginningf dhe lesson
and add additional questions d interest to students

. Partner with someone who would li& to ask the same question. (If a student

has a question that no one else has he or she may work alone)

. Design their own &periment using the same kind 6 seeds.

. Set up a control plant, or plants to which no changes are made

. Write or select a testable question.

. Predict what they think results will be

. Design an investigation to test their prediction.

. Collect data daily. Measure and document, in words and pictureswhat happens

to the seed and plant. Label the plant parts at all stages

. Repeat the experiment three times
10.
11.

Analyze data and write/illustrate results and conclusions

Students share with the class their gperimental design, results and
conclusions; including problems they had with the investigation, and how they
solved them.

Reflections and Revisions

Discuss what they would do differently net time and why. Discuss how each group
ensured that each test was &ir (control variables etc.).

Level of Performance

Stage 4  Student work is complete correct, and shows evidence b elaboration,
- . EXtension, and mastery d drawing inferences based on gperimental data.

i i

The investigation has a testable question, maés a prediction, lists
variables, controls the variables when possible manipulates a single
variable, makes accurate measurements records results and makes
appropriate conclusions

Stage 3  Student work is complete but shows limited evidencefoelaboration,
=== extension and ability to draw inferences based on>perimental data. The
=== investigation includes a testable question, mas a prediction, lists some

variables, controls most (but not all) variables manipulates a single
variable, makes measurements that are mostly accuratg and records results
but makes inappropriate conclusions

Stage 2 Student work may be incomplete or incorrect and shows limited evidence
- Of understanding variables and how to manipulate them. The investigation

may ask a testable question and male a prediction. Howevey the results
are inaccurate or incomplete and the conclusion, if present, does not
relate to or reflect the aperimental data.

Stage 1  Student work is incomplete and incorrect. Although the investigation may
=== consider questions about plant growth, it lackan experimental procedure

that reflects variables controls data collection or data manipulation.
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Standards Cross-References

National Science Education Standards

Plan and conduct a simple investigation. # students develop, they may design and
conduct simple eperiments to answer questions The idea of a fair test is possible 6r
many students to consider by éurth grade (Page 122)

Scientists use different kinds 6 investigations depending on the questions they are
trying to answer Types of investigations include describing objectsevents and
organisms; classifying them; and doing adir test (experimenting). (Page 123)

Different kinds d questions suggest different kinds b scientific investigations Some
investigations involve observing and describing obje¢terganisms, or events; some
involve collecting specimens; some involvexperiments; some involve seeking more
information; some involve discovery bnew objects and phenomena; and some involve
making models (Page 148)

Scientific investigations sometimes result in new ideas and phenomenaif study,
generate new methods or proceduresdr an investigation, or develop new
technologies to improve the collectionfodata. All of these results can lead to new
investigations (Page 148)

Benchmarks

Results of similar scientific investigations seldom turn outxactly the same

Sometimes this is because & unexpected differences in the things being investigated,
sometimes because d unrealized differences in the methods used or in the
circumstances in which the investigation is carried out, and sometimes just because
of uncertainties in observations It is not always easy to tell which. (Rge 6)

Scientific investigations may tai& many different rms, including observing what
things are lile or what is happening somewherg collecting specimens dr analysis,
and doing experiments Investigations can bcus on physical, biological, or social
questions. (Page 11)

Seek better reasons br believing something than “Everybody knows that . . . ” or “I
just know” and discount such reasons when given by othergPage 299)



paths.

Alaska Science
Key Element B3

A student who meets the content standard should understand that scientific inquiry
often involves different ways & thinking, curiosity and the exploration o multiple

Performance Standard Level 2, Ages 8-10

Students discuss multiple &planations for an observed phenomenon.

’i Sample Assessment ldeas

e Students observe the behavior & meal worms, earthworms, pond animals, etc. Record observations in
journals. Discuss observations including patterns fobehavior and possible &planations for behavior

e Students explore a variety d moving air stations (fn, blow dryer). Teacher asks open-ended questions to
elicit multiple «planations for observations

Standards Cross-References

National Science Education Standards

Ask a question about objects, organisms, and events in
the environment. This aspect d the standard emphasizes
students asking questions that they can answer with
scientific knowledge combined with their own observations
Students should answer their questions by seeking
information from reliable sources & scientific inbrmation
and from their own observations and investigations(Page
122)

Communicate investigations and explanations. Students
should begin developing the abilities to communicate
critique, and analyze their work and the work & other
students This communication might be spo&n or drawn as
well as written. (Page 122)

Recognize and analyze alternative explanations and
predictions. Students should develop the ability to listen
and to respect the eplanations proposed by other students
They should remain open to and acknowledge different ideas
and explanations be able to accept the slepticism o others,
and consider alternative aplanations (Page 148)

Benchmarks

Scientists’ explanations about what happens in the world
come partly from what they observe partly from what they
think. Sometimes scientists have differentplanations for

the same set d observations That usually leads to their
making more observations to resolve the differenceqPage

11)

Offer reasons for their findings and consider reasons
suggested by others (Page 286)
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Alaska Science
Key Element B4

A student who meets the content standard should understand that personal integrity
skepticism, openness to new ideas creativity collaborative efbrt, and logical reasoning
are all aspects o scientific inquiry.

Performance Standard Level 2, Ages 8-10

Students use creativity and collaboration to investigate a question.

’i Sample Assessment ldeas

e Students work in groups in a bridge-building competition. The structure that holds the most weight is the

winner.

e Students work in groups to design and carry out an investigation to@mine the insulating qualities & fur.

Standards Cross-References

National Science Education Standards

Use data to construct a reasonable explanation. This

aspect of the standard emphasizes the students’ thinking
as they use data to formulate explanations Even at the

earliest grade levels students should learn what constitutes
evidence and judge the merits or strength fothe data and

information that will be used to mak explanations After

students propose an eplanation, they will appeal to the
knowledge and evidence they obtained to support thei
explanations. Students should check their gplanations

against scientific knowledge experiences and observations
of others. (Page 122)

Communicate scientific procedures and explanations.

With practice students should become competent at
communicating eperimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and planations (Page 148)

Benchmarks

Scientists do not pay much attention to claims about how
something they know about work unless the claims are
backed up with evidence that can be confirmed and with a
logical argument. (Page 11)

Offer reasons for their findings and consider reasons
suggested by others (Page 286)
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Alaska Science
Key Element B5

A student who meets the content standard should employ ethical standardsncluding
unbiased data collection and &ctual reporting d results.

Performance Standard Level 2, Ages 8-10

Students practice fctual reporting d data and identify techniques that ensure the dir collection and comparison
evidence

’i Sample Assessment Ideas

e Students compete br a prize to be awarded to the student or group that can grow the tallest plant. Share
data and ask if anyone was tempted to eaggerate their results Discuss what effect this would have on the
conclusions

e  Students compete in teams to build and test a model car to see which one rolls tharthest off an inclined
plane. Teams will be responsible &r monitoring themselves At the end o the competition, ask if anyone
was tempted to exaggerate data and whether eaggeration would be #ir.

Standards Cross-References

National Science Education Standards Benchmarks

Scientists male the results d their investigations public; Keep records d their investigations and observations and
they describe the investigations in ways that enable others not change the records later (Page 286)

to repeat the investigations (Page 123) Buttress their statements withdcts found in bools, articles,
Scientists review and ask questions about the results fo and databases, and identify the sources used and gpect
other scientists’ work. (Rge 123) others to do the same (Page 299)

Recognize when comparisons might not bedir because
some conditions are not kpt the same. (Page 299)

L2-61






Alaska Science
Key Element B6

A student who meets the content standard should employ strict adherence to safety
procedures in conducting scientific investigations

Performance Standard Level 2, Ages 8-10

Students examine laboratory and community safety proceduresidentify how an individual affects the safety bthe group,
and practice safe behavior in the classroom and laboratory.

e

?’i Sample Assessment ldeas

e Students review lab safety procedures; draw lab safety posters illustrating the procedures

e Students identify ten safety features in the community (guard on snow-machine clutch, kill-switch on
outboard motor or snow-machine railings on stairg and so on).

Expanded Sample Assessment Idea

e Students review lab safety procedures and model incorrect and correct approachesrfthe critique d their

peers.
Procedure Level of Performance
Students will: Stage 4  Student work is complete correct, and shows
1. Review lab safety procedures - evidence o elaboration, extensions and
. . . creativity. Student actively participates in a
2. Witness demonstrations & procedures by instructor pantomime or critique that shows ability to
3. Practice proper procedures interpret and incorporate a variety blaboratory
4. Pantomime performing a task in the laboratory until safety procedures
stopped by the observation  their peers d a non- Stage 3  Student work is generally completgcorrect, and
safe behavior == shows some evidence 6 elaboration, extensions
5. Pantomime the proper approach after it is described == Or creativity. Student participates in a
by peers pantomime or critique that interprets or
incorporates some laboratory safety procedures
Reflections and Revisions Stage 2  Student work is incomplete or shows limited
Develop a list & other areas of the school that can benefit =+ ability to interpret or incorporate laboratory
from safety procedures safety procedures
Stage 1  Student work fails to address the topic @
- laboratory safety. It may be entertaining, but
misses major safety concerns and &ils to
communicate either lab safety or unsafe
procedures
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Standards Cross-References

National Science Education Standards Benchmarks

The potential br accidents and the &istence d hazards One persons exercise o freedom may conflict with the
imposes the need br injury prevention. Safe living involves freedom of others. Rules can help to resolve conflicting
the development and use ¢ safety precautions and the freedoms. (Page 172)

recognition d risk in personal decisions Injury prevention
has personal and social dimensions (Page 168)
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Alaska Science
Key Element C1

A student who meets the content standard should know how the words d€t,”
“observation,” “concept,” “principle” “law,” and “theory” are generally used in the
scientific community.

Performance Standard Level 2, Ages 8-10

Students will observe and record an event, thenxplore concepts associated with those observations ancaéts.

?i Sample Assessment Ideas

e Students attempt to roll a variety & differently shaped objects down a ramp; record their observations;
generalize how the shape & the object is related to the way it rolls down the ramp.

e Students pass sugar water and silty river water through separate ¢tee filters; hypothesize about the
differences between the filtrates and the suspensions

Expanded Sample Assessment ldea

e Students grow plants under a variety 6 conditions and compare growth rates

Procedure Level of Performance
Students will: Stage 4  Student observations are correct, completeand
1. Divide into small groups - appropriate, and contain elaboration, etension,

and evidence d higher-order thinking and
relevant knowledge There is no evidence @

misconceptions Minor errors do not necessarily
3. Observe general appearance and measure the rate b lower the score

growth; record observations in their science journals

2. Grow plants under a variety & conditions (amount o
light, amount o water, type dof soil).

Stage 3  Student observations are correct, completeand

Make graphs comparing growth rates = appropriate; although minor inaccuracies are
As a class talk about the difference between their -+ present. There may be limited evidence b
observations and the measurements (identifyingdcts); elaboration, extension, higher-order thinking,
discuss and generalize concepts from everyong’data. and relevant knowledge; or there may be

significant evidence & these traits but other
flaws (e.g. inaccuracies omissions,

Reflection and Revision inappropriateness) are evident.
Discuss factors other than frequency & watering that will Sta(fj zu?ne:;p?g;?ir;?;(;rl]tshzrjglr?ar;i;/ractgr:rt]:?r:nE(I)er:]ee
affect plant growth.

P g = elements proficient work. There is little if
any, evidence d elaboration, extension, higher-
order thinking or relevant knowledgeThere may
be evidence d significant misconceptions

6. Clarify the observations and écts in their findings

Stage 1  Student work, although it may be on topicfails
- 10 address the question, or addresses the
question in a very limited way. There is evidence

of serious misconceptions L2-67




National Science Education Standards

Scientists develop &planations using observations
(evidence) and what they already know about the world
(scientific knowledge). Good @&planations are based on
evidence from investigations (Page 123)

Communicate scientific procedures and explanations.
With practice students, should become competent at
communicating eperimental methods and following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and eplanations (Page 148)
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. Standards Cross-References

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,

and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page

148)

Benchmarks

Buttress their statements withdcts found in bools, articles,
and databases and identify the sources used and epect
others to do the same (Page 299)



Alaska Science
Key Element C2

A student who meets the content standard should understand that scientific knowledge
is validated by repeated specific gperiments that conclude in similar results

Performance Standard Level 2, Ages 8-10

Students conduct simple &periments compare their results with the work b others, and explain any differences

National Science Education Standards

W*}:H Sample Assessment Ideas

e Students determine which wood smo& best repels flies while drying salmon; repeat theirxperiment to
validate their results with the work b others.

e Students determine which brand 6 dog food is the favorite among a dog team; repeat the &periment with
another dog team; determine generalization bfindings Any differences must be a&plained.

Scientists male the results d their investigations public;
they describe the investigations in ways that enable otherg
to repeat the investigations (Page 123)

Communicate scientific procedures and explanations.

With practice students should become competent at
communicating experimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and &planations (Page 148)

Science advances through legitimate sipticism. Asking
questions and querying other scientists’xplanations is part
of scientific inquiry. Scientists evaluate the xplanations
proposed by other scientists by gamining evidence
comparing evidence identifying fulty reasoning, pointing
out statements that go beyond evidenceand suggesting
alternative explanations for the same observations

(Page 148)

. Standards Cross-References

Benchmarks

Results of similar scientific investigations seldom turn out
exactly the same Sometimes this is because @& unexpected
differences in the things being investigated, sometimes
because of unrealized differences in the methods used or
in the circumstances in which the investigation is carried
out, and sometimes just because ¢ uncertainties in
observations It is not always easy to tell which. (Rge 6)

Results of scientific investigations are seldom xactly the
same, but if the differences are large it is important to try
to figure out why. One reason 6r following directions
carefully and for keeping records d one’s work is to provide
information on what might have caused the differences
(Page 11)
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Alaska Science
Key Element C3

A student who meets the content standard should understand that societyulture,
history, and environment affect the development b scientific knowledge

Performance Standard Level 2, Ages 8-10

Students identify how various cultures throughout history have developed different units and toots fneasurement.

?‘i Sample Assessment Ideas

e Students compare how various cultures throughout history have developed different methodsr flinear
measurement.

e Students measure objects with the English and metric systems; add measurements in both systems; list
pros and cons d each system.

Standards Cross-References

National Science Education Standards Benchmarks

Women and men dof various social and ethnic bacgrounds, Science is an adventure that people everywhere can tak
and with diverse interests talents, qualities, and part in, as they have br many centuries (Page 16)
motivations engage in the activities bscience engineering,
and related fields such as the health préessions Some
scientists work in teams and some work alone but all
communicate extensively with others (Page 170)

Many individuals have contributed to the traditions fo
science Studying some d these individuals provides further
understanding d scientific inquiry science as a human
endeavor, the nature of sciencg and the relationships
between science and society. (Bge 171)

In historical perspective science has been practiced by
different individuals in different culturesin looking at the
history of many peoples, one finds that scientists and
engineers d high achievement are considered to be among
the most valued contributors to their culture(Page 171)
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Alaska Science
Key Element C4

A student who meets the content standard should understand some personal and societal
beliefs accept non-scientific methods dr validating knowledge

Performance Standard Level 2, Ages 8-10

Students observe a phenomenon; record a personal (non-scientific) belief about that phenomenon; compare their personal

(non-scientific) belief to the scientific xplanation.

?-i Sample Assessment ldeas

e Students compile a list ¢ beliefs about a phenomenon (tides sunset, moonrise day and night, etc);
discuss which belie§ are personal (non-scientific) and which are scientific in nature

e Students brainstorm reasons ér plant growth and identify scientific and non-scientific statements

National Science Education Standards

People have always had questions about their world. Science
is one way of answering questions and eplaining the natural
world. (Page 138)

Recognize and analyze alternative explanations and
predictions. Students should develop the ability to listen
to and respect the planations proposed by other students
They should remain open to and acknowledge different ideas
and explanations be able to accept the slepticism o others,
and consider alternative @planations (Page 148)

Science cannot answer all questions and technology cannot
solve all human problems or meet all human needsStudents
should understand the difference between scientific and
other questions They should appreciate what science and
technology can reasonably contribute to society and what
they cannot. For example, new technologies dten will
decrease some risls and increase others (Page 169)

Scientists brmulate and test their &planations d nature

. Standards Cross-References

using observation, eperiments and theoretical and
mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in science there is much
experimental and observational confirmation. Those ideas
are not lilely to change greatly in the future Scientists do
and have changed their ideas about nature when they
encounter new &perimental evidence that does not match
their existing explanations (Page 171)

Tracing the history d science can show how difficult it was
for scientific innovators to break through the accepted ideas
of their time to reach the conclusions that we currently
take for granted. (Page 171)

Benchmarks

Seek better reasons br believing something than “Everybody
knows that” or “I just know” and discount such reasons
when given by others (Page 299)
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Alaska Science
Key Element C5

A student who meets the content standard should understand that sharing scientific
discoveries is important to influencing individuals and society and in advancing scientific

Performance Standard Level 2, Ages 8-10

Students work together to &plore and share scientific discoveries about their environment.

e

-

A Sample Assessment ldeas

e Students work together in teams to test different insulators (a material wrapped around a container
containing water and a thermometer) under similar conditions; share results with class

e Students share inbrmation about the dates d “ice break-up” in communities across Alask to determine

weather trends

National Science Education Standards

Scientists male the results d their investigations public;
they describe the investigations in ways that enable others
to repeat the investigations (Page 123)

Women and men dof various social and ethnic bacgrounds,
and with diverse interests talents, qualities, and
motivations engage in the activities bscience engineering,
and related fields such as the health préessions. Some
scientists work in teams and some work alone but all
communicate extensively with others (Page 170)

Science requires different abilities depending on such
factors as the field d study and type d inquiry. Science is
very much a human endeavor and the work d science relies
on basic human qualities such as reasoning, insight, energy
skill, and creativity as well as on scientific habitsfomind,
such as intellectual honesty tolerance o ambiguity,

skepticism, and openness to new ideas (Page 170)

. Standards Cross-References

Benchmarks

Clear communication is an essential part 6 doing science
It enables scientists to inérm others about their work,
expose their ideas to criticism by other scientistand stay
informed about scientific discoveries around the world.
(page 16)

Doing science involves many different kinds fowork and
engages men and women d all ages and baclgrounds. (Page
16)
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Alaska Science
Key Element C6

A student who meets the content standard should understand that scientific discovery
is often a combination d an accidental happening and observation by a knowledgeable
person with an open mind.

Performance Standard Level 2, Ages 8-10

Students describe an historical scientific discovery that happened as a resulf an accident.

’i Sample Assessment Ideas

e Students interview a local person who has discovered a better way to work or use a scientific principle in

doing work.

e Students describe how gold or gas was discovered in Alask

Standards Cross-References

National Science Education Standards

Recognize and analyze alternative explanations and
predictions. Students should develop the ability to listen
to and respect the planations proposed by other students
They should remain open to and acknowledge different ideas
and explanations be able to accept the slepticism df others,
and consider alternative @planations (Page 148)

Science advances through legitimate sipticism. Asking
questions and querying other scientists’planations is part
of scientific inquiry. Scientists evaluate the xplanations
proposed by other scientists by gamining evidence
comparing evidence identifying fwulty reasoning, pointing
out statements that go beyond evidenceand suggesting
alternative explanations for the same observations
(Page 148)

Benchmarks

Scientists’ explanations about what happens in the world
come partly from what they observe partly from what they
think. Sometimes scientists have different>planations for

the same set d observations That usually leads to their
making more observations to resolve the differenceqPage

11)
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Alaska Science
Key Element C7

A student who meets the content standard should understand that major scientific
breakthroughs may link large amounts & knowledge build upon the contributions &
many scientists and cross different lines & study.

Performance Standard Level 2, Ages 8-10

Students design a timeline to show the historical developmentf@n object or tool that they use

‘i Sample Assessment Ideas

e Students design concept webs that show how contributions across a variety fields are used to produce
inventions

e Students identify commonly used objects and ask Elders what they used bafe the object was available

Standards Cross-References

National Science Education Standards Benchmarks

Many different people in different cultures have made and Science is an adventure that people everywhere can tak
continue to male contributions to science and technology. part in, as they have br many centuries (Page 16)
(Page 166)

Science and technology have advanced through
contributions d many different people in different cultures
at different times in history. Science and technology have
contributed enormously to economic growth and
productivity among societies and groups within societies
(Page 169)

Scientists and engineers work in many different settings
including colleges and universities businesses and
industries specific research institutes and government
agencies (Page 169)

Tracing the history d science can show how difficult it was
for scientific innovators to break through the accepted ideas
of their time to reach the conclusions that we currently
take for granted. (Page 171)
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Alaska Science
Key Element C8

A student who meets the content standard should understand that acceptancd @ new
idea depends upon supporting evidence and that new ideas that conflict with bekedr
common sense are dten resisted.

Performance Standard Level 2, Ages 8-10

Students observe and describe gamples of how scientific ideas that conflict with belisfor common sense are resisted.

’i Sample Assessment ldeas

e Students do library search on historic cases foresistance to new ideas (eg., Galileos universg the flat
world vs spherical world).

e Students explain how fish tenders made & heavy metal float when full d fish.

Expanded Sample Assessment Idea

e Students compare the prediction ®what is in the bealer using the sense d sight and then the sense 6
touch.

Procedure Level of Performance

Students will: Stage 4  Student work is complete correct, and contains
evidence d elaboration, extension, higher-order

1. Visually inspect two bealkrs that appear to contain -
— thinking skills and relevant knowledge Students

only water. el d o d ’ "
. . . actively participate in demonstration, ma
2 Pred.'CF what the bealer contains; record their accurate observations and clearly describe their
predictions

findings conclusions and the evidence used to
3. Fish around in each d the beakers to discover that “change their mind.”

f?_ne begller colntalr;s otnlty \l;vater ang orclfe bleakr C(_)tn;aéﬂs Stage 3 Student work is generally complete and correct
invisible™ glass test tubes (made ¢ glass wi € == although it may contain evidence & some

;?:ri];(:ltli‘ie:i]:)acnve inde as water, available from Flinn b inaccuracies or omissions Student participates

in demonstration, malkes accurate observations
and describes their findings and conclusions

Reflection and Revision ; b | )
. . Stage 2 Student work may be incomplete and inaccurate
Describe how visual clues about the contentsfothe beakers - Student is a reluctant participant in the

proved incorrect and changed as counter-intuitive evidence - . . .
. demonstration. Observations and descriptionsfo
was collected and eamined. -~ . . .
findings are minimal and contain evidence b
misconception and errors

Stage 1  Student work is incomplete and inaccurate
- Student does not participate in class discussion
or describe the findings
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National Science Education Standards

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Scientists brmulate and test their explanations o nature

using observation, periments and theoretical and

mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in science there is much

experimental and observational confirmation. Those ideas
are not likely to change greatly in the future Scientists do

and have changed their ideas about nature when they
encounter new perimental evidence that does not match
their existing explanations (Page 171)

In areas where active research is being pursued and in which
there is not a great deal d experimental or observational
evidence and understanding, it is normaldr scientists to
differ with one another about the interpretation fothe
evidence or theory being considered. Different scientists|
might publish conflicting gperimental results or might draw
different conclusions from the same data. Ideallyscientists
acknowledge such conflict and work toward finding evidence
that will resolve their disagreement. (Bge 171)
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2. Standards Cross-References

It is part of scientific inquiry to evaluate the results ©
scientific investigations experiments, observations
theoretical models and the explanations proposed by other
scientists Evaluation includes reviewing the eperimental
procedures examining the evidence identifying fulty
reasoning, pointing out statements that go beyond the
evidence and suggesting alternative gplanations for the
same observations Although scientists may disagree about
explanations d phenomena, about interpretation & data,
or about the value d rival theories they do agree that
guestioning, response to criticism, and open communication
are integral to the process fscience As scientific knowledge
evolves, major disagreements are eventually resolved
through such interactions between scientists(Page 171)

Tracing the history d science can show how difficult it was
for scientific innovators to break through the accepted ideas
of their time to reach the conclusions that we currently
take for granted. (Page 171)

Benchmarks

Scientists do not pay much attention to claims about how
something they know about work unless the claims are
backed up with evidence that can be confirmed and with a
logical argument. (Page 11)
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Alaska Science
Key Element D1

A student who meets the content standard should apply scientific knowledge and skills
to understand issues and everyday events

Performance Standard Level 2, Ages 8-10

Students use science knowledge and reasoning toxplain the science ¢ everyday events

-

A Sample Assessment Ideas

e Students explain how a teeter totter work.

e Students locate describe and eplain why erosion has occurred in two places in their community.

Expanded Sample Assessment Idea

e Students compare a variety & snowshoes and use them under various conditions; identify the advantages
and disadvantages d each. Explain the underlying scientific concepts

Procedure Level of Performance
Students will: Stage 4  Student work is complete correct, and contains
1. Gather traditional snowshoes from parents and staff | == %=  evidence d elaboration, extension, higher order
(1 pair of each for every group d 4). thinking skills and relevant knowledge Student

actively participates with group to pedrm an

Set up a relay race; run a specified distance accurate and reliable test ¢ the snowshoes and

Run one lap with traditional snowshoesone lap with uses the results d the test to support the
modern snowshoes Repeat for each student. decision about which snowshoe work best.

4. After each loop, list pros and cons b the snowshoes Stage 3  Student work is generally complete and correct
Decide which snowshoes are preferred by the most -+ but may contain evidence & some inaccuracies
students; support the decision based on the relay 3= or omissions Student participates with group
results. to perform a test o the snowshoes though the

. . . test may be inaccurate or unreliable Student
Reflection and Revision decision about which snowshoe work the best

Students consider how the different materials used in is based on limited evidence from the test or on

snowshoe construction affect pedrmance. non-test related evidence

Stage 2  Student work may be incomplete or inaccurate

- Student may be a reluctant group participant.
The snowshoe test is inaccurate and unreliable
Student decision about which snowshoe wosk
the best is not supported.

Stage 1  Student work is incomplete and inaccurate
- Student does not participate in group task or
participate in a relay race or snowshoe test.
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National Science Education Standards

Use data to construct a reasonable explanation. This
aspect of the standard emphasizes the students’ thinking
as they use data to formulate explanations Even at the
earliest grade levels students should learn what constitutes
evidence and judge the merits or strengthsfothe data and
information that will be used to mak explanations After
students propose an eplanation, they will appeal to the
knowledge and evidence they obtained to support their,
explanations Students should check their gplanations
against scientific knowledge experiences and observations
of others (Page 122)

Develop descriptions, explanations, predictions, and

models using evidence. Students should base their
explanation on what they observed, and as they develop
cognitive skills they should be able to differentiate
explanation from description—providing causesof effects

and establishing relationships based on evidence and logical
argument. This standard requires a subject matter knowledge
base so the students can effectively conduct investigations
because developing &planations establishes connections
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;. Standards Cross-References

between the content & science and the contets within
which students develop new knowledge(Page 145)

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,

and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page

148)

Benchmarks

Scientific investigations may tak many different rms,
including observing what things are lik or what is
happening somewhere collecting specimens dr analysis,
and doing experiments Investigations can bcus on physical,
biological, and social questions (Page 11)

Scientists’ explanations about what happens in the world
come partly from what they observe and partly from what
they think. Sometimes scientists have differentglanations

for the same set d observations That usually leads to their
making more observations to resolve the differenceqPage

11)



Alaska Science
Key Element D2

A student who meets the content standard should understand that scientific innovations
may affect our economy safety, environment, health, and society and that these effects
may be short-term or long-term, positive or negatiyeand expected or unepected.

Performance Standard Level 2, Ages 8-10

Students describe the various effects ban innovation on the safety health and environment ¢ the local community.

?i Sample Assessment Ideas

e Students examine advantages and disadvantages & traditional sinew used br thread compared with

commercial threads and dental floss

e Students examine the positive and negative long- and short-term effects 6 using dog teams vs snow

machines for travel.

National Science Education Standards

People have always had problems and invented tools and
techniques (ways o doing something) to solve problems
Trying to determine the effects b solutions helps people
avoid some new problems (Page 138)

People continue inventing new ways bdoing things solving
problems, and getting work done New ideas and inventions
often affect other people; sometimes the effects are good
and sometimes they are bad. It is helful to try to determine
in advance how ideas and inventions will affect other people
(Page 140)

Science and technology have greatly improvedobd quality
and quantity, transportation, health, sanitation, and
communication. These benefits & science and technology
are not available to all d the people in the world. (Rge
141)

7, Standards Cross-References

Benchmarks

Technology etends the ability d people to change the
world: to cut, shape or put together materials; to move
things from one place to another; and to reachdrther with
their hands voices senses, and minds. The changes may
be for survival needs such as food, shelter and defense,
for communication and transportation, or to gain knowledge
and express ideas (Page 45)

The solution to one problem may create other problems
(Page 50)

Technology has been part ¢ life on the Earth since the
advent of the human species Like language, ritual,
commerce and the arts, technology is an intrinsic part 6
human culture, and it both shapes society and is shaped by
it. The technology available to people greatly influences
what their lives are lilke. (Page 54)
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Alaska Science
Key Element D3

A student who meets the content standard should recommend solutions to everyday
problems by applying scientific knowledge and skills

Performance Standard Level 2, Ages 8-10

Students identify a community problem or issue and describe the iofmation needed to develop a scientific solution.

?i Sample Assessment Ideas

e Students examine rocks used in steam baths and determine characteristigslocation and possible geologic
origin o the stones

e Students study local landfill capacity constraints; brainstorm problems and research possible solutions

Expanded Sample Assessment Idea

e Students identify where the residue collects in wood-burning stove pipes and discuss what can be done to
prevent this fire hazard.

Procedure “best” methods to prevent and clean out the
Students will: residue; and uses evidence to support their
' methods.

1. Help an adult “dissect” a wood stove that has been

used: observe and record location b residue Stage 3 Student work is complete and but may show

i limited evidence & elaboration and extension

2. Observe characteristics & residue. ==  OF may contain minor misconceptions or
Consult with knowledgeable adult regarding best way inaccuracies Student participates in the
to clean or prevent the residue build-up. dissection and cleaning 6 a wood-burning stove

4. Test a variety d cleaning methods; record results Student reports the location and characteristics

of the residue and identifies a method to prevent

Compare results from stoves that are cleaned differently or clean out the residue

or from stoves that have burned different woods ) ) )
Stage 2 Student work may be incomplete or inappropriate

Reflection and Revision =+ and may show evidence d misconceptions and
inaccuracies Student may be a reluctant
participant in the dissection and cleaning oa

wood-burning stove Student report on the
residue left by the burning wood may lack detail

Report back to the adult who “dissected” the wood stove

Level of Performance

Stage 4  Student work is complete correct, appropriate or contain errors
-== = and shows evidence @ elaboration, extension, - . .
[ g Stage 1  Student work is incomplete inappropriate or

higher-order thinking skills and relevant
knowledge Student actively participates in the
dissection and cleaning 6 a wood-burning stove
Student accurately reports the location and
characteristics d the residue identifies the

- inaccurate Student may not participate in the
dissection or cleaning & a wood-burning stove
Student report lacls detail and contain errors
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National Science Education Standards

Identify appropriate problems for technological design.
Students should develop their abilities by identifying a
specified need, considering its various aspectsand talking
to potential users or beneficiaries They should appreciate
that for some needs the cultural baclgrounds and belief
of different groups can affect the criteria dr a suitable
product. (Page 165)

Design a solution or product. Students should male and
compare different proposals in the light bthe criteria they
have selected. They must consider constraints such as cost,
time, trade-offs, and materials needed and communicate
ideas with drawings and simple models (Page 165)
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Benchmarks

There is no perfect design. Designs that are best in one
respect (safety or ease d use, for example) may be inferior
to other ways (cost or appearance). Usually some features
must be sacrificed to get others How such trade-dfs are
received depends upon which features are emphasized and
which are down-played. (Rge 49)

The solution to one problem may create other problems
(Page 50)

Scientific laws engineering principles properties o
materials, and construction techniques must be taén into
account in designing engineering solutions to problems
Other factors, such as cost, safety appearance,
environmental impact, and what will happen if the solution
fails also must be considered. (Rge 55)



Alaska Science
Key Element D4

A student who meets the content standard should evaluate the scientific and social
merits of solutions to everyday problems

Performance Standard Level 2, Ages 8-10

Students evaluate multiple solutions to the same problem.

?ﬁ Sample Assessment Ideas

e Examine a variety o ways to preserve berries; evaluate the scientific and social meritsf @ach.

e Students consider the availabilitycost, quality, and characteristics & various oils (traditional oils such as
seal, bear, etc., as well as commercial oils) to determine which one is “best”dr a given purpose

Standards Cross-References

National Science Education Standards

Scientific inquiry and technological design have similarities
and differences Scientists propose &planations for
questions about the natural world, and engineers propose
solutions relating to human problems needs, and
aspirations. Technological solutions are temporary;
technologies «ist within nature and so they cannot
contravene physical or biological principles; technological
solutions have side-effects; and technologies cost, carry
risks, and provide benefits (Page 166)

Perfectly designed solutions do not dst. All technological
solutions have trade-dfs, such as safety, cost, efficiency
and appearance. Engineers dten build in back-up systems
to provide safety. Risk is part & living in a highly
technological world. Reducing risk fien results in new
technology. (Page 166)

Technological solutions have intended benefits and
unintended consequences Some consequences can be
predicted, others cannot. (Rge 166)

Benchmarks

Scientific laws engineering principles properties o
materials, and construction techniques must be taén into
account in designing engineering solutions to problems
Other factors, such as cost, safety appearance,
environmental impact, and what will happen if the solution
fails also must be considered. (Rge 55)

Technologies dten have drawbacks as well as benefits A
technology that helps some people or organisms may hurt
others—either deliberately (eg., weapons) or inadvertently
(e.g., pesticides). When harm occurs or seems lidy, choices
have to be made or new solutions dund. (Page 55)
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problems.

Alaska Science
Key Element D5

A student who meets the content standard should participate in reasoned discussion$ o
public policy related to scientific innovation and proposed technological solutions to

Performance Standard Level 2, Ages 8-10

Students debate the usefulness & various science tools and technological innovations in their community.

?’E, Sample Assessment ldeas

e Students debate the usefulness & snow machines and bur-wheel drives

e Students hold a community 6rum to discuss the usefulness & diverse tools and innovations used in the
community such as an ice auger and a berry picr; a fish trap and rain gear

National Science Education Standards

The potential br accidents and the &istence d hazards

imposes the need br injury prevention. Safe living involves
the development and use ¢ safety precautions and the
recognition d risk in personal decisions Injury prevention
has personal and social dimensions (Page 168)

Human activities also can induce hazards through resource
acquisition, urban growth, land-use decisionsand waste
disposal. Such activities can accelerate many natural
changes (Page 168)

Science influences society through its knowledge and world
view. Scientific knowledge and the procedures used by
scientists influence the way many individuals in society
think about themselves others and the environment. The
effect of science on society is neither entirely beneficial
nor entirely detrimental. (Rge 169)

.. Standards Cross-References

Benchmarks

Any invention is likly to lead to other inventionsOnce an
invention «ists, people are lilely to think up ways d using
it that were never imagined at first. (Bge 54)

Transportation, communication, nutrition, sanitation, health
care, entertainment, and other technologies give large
numbers of people today the goods and services that once
were luxuries enjoyed only by the wealthy. These benefits
are not equally available to everyone (Page 54)

Technologies dten have drawbacls as well as benefits A
technology that helps some people or organisms may hurt
others—either deliberately (as weapons can) or
inadvertently (as pesticides can). When harm occurs or
seems likely, choices have to be made or new solutions
found. (Page 55)

Because of their ability to invent tools and processegpeople
have an enormous effect on the lives dother living things
(Page 55)
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Alaska Science
Key Element D6

A student who meets the content standard should act upon reasoned decisions and
evaluate the effectiveness & the action.

Performance Standard Level 2, Ages 8-10

Students work scientifically to improve a situation thatxsts in their local school or community.

?i Sample Assessment Ideas

e Students research bod waste in their school; suggest and implement corrective actions; evaluate the
results.

e Students examine litter patterns in their school neighborhood; come up with class actions to improve the

litter problem.

Standards Cross-References

i

National Science Education Standards

Design a solution or product. Students should male and
compare different proposals in the light bthe criteria they
have selected. They must consider constraintsuch as cost,
time, trade-offs, and materials needed, and communicate
ideas with drawings and simple models (Page 165)

Implement a proposed solution. Students should organize
materials and other resources plan their work, male good
use of group collaboration where appropriate choose
suitable tools and techniques and work with appropriate
measurement methods to ensure adequate accuracy.
(Page 165)

Evaluate completed technological designs or products.
Students should use criteria relevant to the original purpose
or need, consider a variety & factors that might affect
acceptability and suitability 6r intended users or
beneficiaries and develop measures d quality with respect
to such criteria and fctors; they should also suggest

improvements and, br their own products try proposed
modifications (Page 165)

Communicate the process of technological design.
Students should review and describe any completed piece
of work and identify the stages & problem identification,
solution design, implementation, and evaluation.
(Page 166)

Science cannot answer all questions and technology cannot
solve all human problems or meet all human needsStudents
should understand the difference between scientific and
other questions They should appreciate what science and
technology can reasonably contribute to society and what
they cannot do. For ample, new technologies dten will
decrease some risls and increase others (Page 169)

Benchmarks

Because of their ability to invent tools and processeeople
have enormous effect on the lives 6 other living things
(Page 55)
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Alaska Science
Key Element Al

A student who meets the content standard should understand models describing the
nature of molecules atoms, and sub-atomic particles and the relation bthe models to
the structure and behavior & matter.

Performance Standard Level 3, Ages 11-14

Students develop and use models to demonstrate how atoms and element®fm molecules and compounds and how properties
such as density can be measured and compared.

?i Sample Assessment Ideas

e Students identify the characteristics bthe matter that goes into a camfire, and the characteristics @ the
final matter (ashes and smole); ask students to conjecture about what happened and why.

e Students use toothpick and gumdrops or marshmallows to build models bH,, 0,, CO,, CH,, NH,, and H,0;
identify the atomic color code used to build the models

Expanded Sample Assessment Idea

e Students examine H,0 in three states; build models to represent the three states

Procedure Level of Performance
Students will: Stage 4  Student work is complete correct, and shows
1. Investigate snowflales and the hexagonal structure o - ewdence_o‘ logical reasoning. The models and
ice. explanations accurately reflect the structure
arrangement, and motion ¢ H,0 in the three

2. Experiment with ice water, and steam using bealers,

states.
a thermometer, hot plate, and freezer. (Melt and refreeze ) ]
ice cube; boil water collect steam and refreeze ice Stage 3 Student work may contain minor errors or
cube.) - OMmissions The models and eplanations reflect
. . = the structure and motion of HO in the three
3. Graph temperature changes over time as ice melts to states 8 2

water and water heats up and boils ) )
4. Build model tina 0 molecules in solid. liauid Stage 2 Student work may contain errors & science fict
- BUIIC MOdEIs representing B molecllies ih Solid, fiul === and reasoning. The models and &planations may

ale gas sttates; tur?e the models to show how one state == how evidence d skilled craftsmanship but may
changes o another be incompletg incorrect or lack detail.

Reflection and Revision Stage 1  Student models and eplanations are largely

. . . === incomplete or incorrect.
Which state has the greatest density? Which has the least P

density?
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National Science Education Standards

Develop descriptions, explanations, predictions, and
models using evidence. Students should base their
explanations on what they observed, and as they develop
cognitive skills they should be able to differentiate
explanations from description—providing causesof effects
and establishing relationships based on evidence and logica
argument. (Page 145)

A substance has characteristic propertigssuch as density
boiling point, and solubilityall of which are independent
of the amount of the sample. A mixture o substances dten
can be separated into the original substances using one or
more of the characteristic properties (Page 154)

Benchmarks

Models are dten used to think about processes that happen
too slowly, too quickly or on too small a scale to observe
directly or that are too vast to be changed deliberatelyor
that are potentially dangerous (Page 269)

Mathematical models can be displayed on a computer and
then modified to see what happens (Page 269)

Different models can be used to represent the same thing.
What kind of a model to use and how comple it should be
depends on its purpose The usefulness d a model may be
limited if it is too simple or if it is needlessly complicated,

Choosing a useful model is one @& the instances in which

L3-4

2. Standards Cross-References

5

intuition and creativity come into play in scienge
mathematics, and engineering.(Rage 269)

All matter is made up d atoms, which are far too small to

see directly through a microscope The atoms of any

elements are alile but are different from atoms & other

elements. Atoms may stick together in well-defined
molecules or may be pacled together in large arrays

Different arrangements & atoms into groups compose all
substances (Page 78)

Equal volumes of different substances usually have different
weights (Page 78)

Atoms and molecules are perpetually in motion. Increased
temperature means greater average energy b motion , so
most substances e&xpand when heated. In solids the atoms
are closely locled in position and can only vibrateln liquids,
the atoms or molecules have higher energyare more loosely
connected, and can slide past one another; some molecules
may get enough energy to escape into a gasln gases, the
atoms or molecules have still more energy and are freefo
one another except during occasional collisions(Page 78)

No matter how substances within a closed system interact
with one another or how they combine or break apart, the
total weight d the system remains the same The idea of
atoms explains the conservation & matter: If the number
of atoms stays the same no matter how they are rearranged,
then their total mass stays the same (Page 79)



Alaska Science
Key Element A2

A student who meets the content standard should understand the physical, chemical,
and nuclear changes and interactions that result in observable changes in the properties
of matter (Changes and Interactions & Matter).

Performance Standard Level 3, Ages 11-14

Students will explain changes that occur in physical and chemical propertiesfamatter using a qualitative description 6
changes on a molecular level, including conservationfamatter.

1 Sample Assessment Ideas

e Students identify the characteristics bmatter that go into a camgire (logs, sticks, fuel, oxygen); observe
the characteristics @ the final matter (ashes smoke, carbon diaide); use chemical symbols and models to
write the equation and demonstrate conservation foatoms for a simple combustion reaction & natural gas

(CH, methane).

e Students predict and eplain the fleibility expansion or contraction & materials (such as snow machine
tracks, sled runners windshield materials or mercury in a thermometer) under different etreme temperature

conditions

National Science Education Standards

A substance has characteristic propertigssuch as density
a boiling point, and solubilityall of which are independent
of the amount of the sample. A mixture o substances dten
can be separated into the original substances using one or
more of the characteristic properties (Page 154)

Substances react chemically in characteristic ways with othel
substances to brm new substances (compounds) with
different characteristic properties In chemical reactions
the total mass is conserved. Substances ften are placed in
categories or groups if they react in similar ways; metals is
an example of such a group. (Page 154)

Chemical elements do not break down during normal
laboratory reactions involving such treatments as heating,
exposure to electric current, or reaction with acidsThere
are more than 100 known elements that combine in a
multitude of ways to produce compounds which account
for the living and nonliving substances that we encounter
(Page 154)

%, Standards Cross-References

Benchmarks

Atoms and molecules are perpetually in motion. Increased
temperature means greater average energy b motion, so
most substances &xpand when heated. In solids the atoms
are closely locled in position and can only vibrateln liquids,
the atoms or molecules have higher energy bmotion, are
more loosely connected, and can slide past one another;
some molecules may get enough energy to escape into a
gas. In gases, the atoms or molecules have still more energy
of motion and are free d one another except during
occasional collisions (Page 78)

The temperature and acidity @ a solution influence reaction
rates. Many substances dissolve in waterwhich may greatly
facilitate reactions between them. (Bge 78)

Scientific ideas about elements were borrowed from some
Greek philosophers & 2000 years earlier, who believed that
everything was made from 6ur basic substance: air earth,
fire, and water. It was the combinations d these “elements”
in different proportions that gave other substances their
observable properties The Greels were wrong about those
four, but now over 100 different elements have been
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identified, some rare and some plentiful, out & which
everything is made Because most elements tend to combine
with others few elements are Hund in their pure drm.
(Page 78)

There are groups d elements that have similar properties
including highly reactive metalsless reactive metals highly
reactive nonmetals (such as chloringfluoring, and oxygen),
and some almost completely nonreactive gases (such as
helium and neon). An especially important kind breaction
between substances involves combinations fooxygen with

L3-6

something else—as in burning or rusting. Some elements
don't fit into any d the categories; among them are carbon
and hydrogen, essential elements 6 living matter (Page
78)

No matter how substances within a closed system interact
with one another, or how they combine or break apart, the
total weight of the system remains the same. The idea of

atoms explains the conservation of matter: if the number
of atoms stays the same no matter how they are rearranged,

then their total mass stays the same. (Page 79)



Alaska Science
Key Element A3

A student who meets the content standard should understand models describing the
composition, age and size of our universe galaxy, and solar system and understand that
the universe is constantly moving and changing (Universe).

Performance Standard Level 3, Ages 11-14

Students collect and analyze data to create a model toxplain motions d objects within our solar system and in relation to

the Milky Way.

1 Sample Assessment Ideas

e Students describe the appearance and monthly motion fospecific constellations in the night sky (which
traditionally signified the change bseasons or movement @ animals and fish) in terms d the background

stars and Earth's rotation around the sun.

e Students design a scaled model & our solar system and identify our planet within the solar system.

National Science Education Standards

The motion d an object can be described by its position,
direction o motion, and speed. That motion can be
measured and represented on a graph. (Rge 154)

The Earth is the third planet from the sun in a system that
includes the moon, the sun, eight other planets and their,
moons, and smaller objects such as asteroids and comets
The sun, an average star is the central and largest body in
the solar system. (Page 160)

Most objects in the solar system are in regular and
predictable motion. Those motions eplain such phenomena
as the day, the year, phases of the moon, and eclipses
(Page 160)

Benchmarks

The sun is a medium-sized star located near the edge foa

disk-shaped galaxy d stars, part of which can be seen as a
glowing band d light that spans the sky on a very clear
night. The universe contains many billions fogalaxies, and

each galaxy contains many billions 6 stars. To the naked

eye, even the closest ¢ these galaxies is no more than a
dim, fuzzy spot. (Page 64)

The sun is many thousands d times closer to the Earth

. Standards Cross-References

than any other star Light from the sun tales a few minutes
to reach the Earth, but light from the net nearest star
takes a few years to arrive The trip to that star would tak
the fastest roclet thousands d years. Some distant galaxies
are so far away that their light tales several billion years
to reach the Earth. Reople on Earth, therebre, see them as
they were that long ago in the past. (Bge 64)

Nine planets d very different size composition, and surfice

features move around the sun in nearly circular orbitsSome

planets have a great variety d moons and even flat rings
of rock and ice particles orbiting around them. Some fo
these planets and moons show evidence bgeologic activity.
The Earth is orbited by one moon, many artificial satellites
and debris. (Page 64)

Large numbers d chunks of rock orbit the sun. Some @
those that the Earth meets in its yearly orbit around the
sun glow and disintegrate from friction as they plunge
through the atmosphere and sometimes impact the ground.
Other chunls of rocks mixed with ice have long, df-center
orbits that carry them close to the sun, where the sus’
radiation (of light and particles) boils d¢f frozen material
from their surfaices and pushes it into a long, illuminated
tail. (Page 64)

We live on a relatively small planet, the third from the sun
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in the only system d planets definitely known to ®ist too slowly too quickly or on too small a scale to observe
(although other, similar systems may be discovered in the directly, or that are too vast to be changed deliberatelyor
universe). (Page 68) that are potentially dangerous (Page 269)

Models are dten used to think about processes that happen
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Alaska Science
Key Element A4

A student who meets the content standard should understand observable natural
events such as tides weather, seasons, and moon phases in terms d the structure
and motion of the Earth (Earth).

Performance Standard Level 3, Ages 11-14

Students conduct research and mak predictions about tides weather, seasons, and phases of the moon and correlate these
natural events to the motion & the Earth within our solar system.

1 Sample Assessment Ideas

e Students use the Internet to collect weather data (temperaturesunlight, and so on) from two sites on
Earth; determine seasonal patterns & each site; explain the patterns in terms & the Earth’s motion.

e Students discuss tide levels; gplore differences in tide levelsdr coastal Alaska; estimate tide levels br
various latitudes and longitudes

Expanded Sample Assessment Idea

e Students write a weather brecast using daily weather observations from multiple sources

Procedure weather for the next week? What additional inbrmation
could increase the accuracy 6 your weather prediction &r

Students will:
the next week?

1. Interview Elders to identify traditional weather-
prediction systems Level of Performance

2. Collect weather data (including temperaturgbarometric Stage 4  Student work is complete and shows evidence

pressure, wind speed and direction, humidity and <+ == of logical reasoning. Student weather drecast
precipitation) from direct observation or from secondary uses multiple inbrmation sources to predict the

sources. weather, and describes the value ¢ information
3. Observe cloud brmations and corresponding satellite sources. Student work shows detailed relevant
weather pictures evidence d weather-related knowledge
4. Examine how the data correlates to weather patterns Stage 3 Student work is generally completeand shows
for the season and the year - some evidence d logical reasoning. Student

5. Conduct Internet or library research to identify last == weather forecast uses several inbrmation
year's weather patterns br the same week. sources to predict the weather and describes
the value of some information sources Student

work shows evidence @ relevant weather-related
knowledge

6. Write a forecast for the next week’s weather and justify
the prediction.

7. Share this inbrmation with the class Stage 2 Student weather brecast may contain evidence

Reflection and Revision - from several sources bl_Jt may be incomplete
incorrect, or lack detail. Student work shows
What science and scientific conceptsdrm the basis for an limited evidence ¢ weather-related knowledge
explanation of traditional weather predictions? What and may contain errors d science fct and
information or evidence was the most useful to predict the reasoning.
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Stage 1  Student weather brecast and explanations are
=== largely incomplete or incorrect, and demonstrate
little or no evidence ¢ weather-related
knowledge Forecast may contain errors @
science fact and reasoning.

National Science Education Standards

Global patterns d atmospheric movement influence local
weather. Oceans have a major effect on climate because
water in the oceans hold a large amount 6 heat. (Page
160)

Most objects in the solar system are in regular and
predictable motion. Those motions eplain such phenomena
as the day, the year, phases of the moon, and eclipses
(Page 160)

Gravity is the brce that keeps planets in orbit around the
sun and governs the rest ¢ the motion in the solar system.
Gravity alone holds us to the Eartls surface and explains
the phenomena d the tides (Page 161)

The sun is the major source & energy for phenomena on

the Earth’s surface, such as growth d plants, winds, ocean

currents and the water cycle Seasons result from variations
in the amount o the sun’s energy hitting the surdice, due

to the tilt d the Earth's rotation on its axis and the length
of the day. (Page 161)

Benchmarks

The Earth is mostly rock. Three-durths of its surface is
covered by a relatively thin layer bwater (some of it frozen),
and the entire planet is surrounded by a relatively thin
blanket of air. It is the only body in the solar system that
appears able to support life The other planets have
compositions and conditions very different from the Eart$’
(Page 68)
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%, Standards Cross-References

Everything on or anywhere near the Earth is pulled toward
the Earth’s center by gravitational érce. (Page 69)

Because the Earth turns daily on an axis that is tilted relative
to the plane d the Earth’s yearly orbit around the sun,
sunlight flls more intensely on different parts the Earth
during the year The difference in heating & the Earth's
surface produces the planets seasons and weather patterns
(Page 69)

The moon’ orbit around the Earth once in about 28 days
changes what part d the moon is lighted by the sun and
how much o that part can be seen from the Earth-the
phases of the moon. (Page 69)

Climates have sometimes changed abruptly in the past as a
result of changes in the Earth$ crust, such as volcanic
eruptions or impacts d& huge roclks from space. Even
relatively small changes in atmospheric or ocean content
can have widespread effects on climate if the change lasts
long enough. (Page 69)

The cycling d water in and out of the atmosphere plays an
important role in determining climatic patternsWater
evaporates from the surfice of the Earth, rises and cools
condenses into rain or snowand falls again to the surfice.
The water falling on land collects in rivers and las, soil,
and porous layers d rock, and much o it flows back into
the ocean. (Page 69)

Heat energy created by ocean currents has a strong influence
on climate around the world. (Rge 69)



Alaska Science
Key Element A5

A student who meets the content standard should understand the strength and effectf o
the forces of nature, including gravity and electromagnetic radiation (ForcesfaNature).

Performance Standard Level 3, Ages 11-14

Students describe gravity as the drce that governs orbital motion in the solar system and motionfdhe tides on the Earth,
and describe light as radiation that travels in a straight line that can be reflected, refracted, or absorbed by matter

»

?_‘.‘R Sample Assessment Ideas

e Students examine data on orbiting satellites and relate orbit size and period to velocity.

e Students make an Eskimo yo-yo and describe the similarity Dits operation to the solar system, with

gravitational Prce represented by the string.

e Students construct a model & the moon and Earth; use the model to demonstrate how high and low tides

are formed.

e Students create a demonstration to show how a mixture folight o different colors can appear white

National Science Education Standards

Gravity is the force that keeps planets in orbit around the
sun and governs the rest of the motion in the solar system.
Gravity alone holds us to the Eartls surface and explains
the phenomena d the tides (Page 161)

Light interacts with matter by transmission (including
refraction), absorption, or scattering (including reflection).
To see an object, light from that object—emitted by or
scattered from it—must enter the eye (Page 155)

Electrical circuits provide a means btransferring electrical
energy when heat, light, sound, and chemical changes are
produced. (Page 155)

The sun is a major source d energy for changes on the

Earth’s surface. The sun loses energy by emitting light. A
tiny fraction d that light reaches the Earth, transferring
energy from the sun to the Earth. The surs energy arrives

as light with a range d wavelengths consisting d visible

light, infrared, and ultraviolet radiation. (Bge 155)

2. Standards Cross-References

Benchmarks

Light from the sun is made up d a mixture of many different
colors o light, even though to the eye the light loskalmost
white. Other things that give 6f or reflect light have a
different mix d colors. (Page 90)

Every object eerts gravitational brce on every other object.
The force depends on how much mass the objects have and
on how far apart they are. The force is hard to detect unless
at least one o the objects has a lot d mass. (Page 95)

The sun’s gravitational pull holds the Earth and other planets
in their orbits just as the planets’ gravitational pull keps
their moons in orbit around them. (Rge 95)

Electric currents and magnets can rert a force on each
other. (Page 95)
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Alaska Science
Key Element A6

A student who meets the content standard should understand thatofces of nature
cause different types & motion, and describe the relationship between theseofces and
motion (Motion).

Performance Standard Level 3, Ages 11-14

Students analyze how balanced and unbalanced drces act on fimiliar objects and predict or gplain changes in motion that
may (or may not) occur.

"

% Sample Assessment ldeas

e Students observe the blankt toss; describe and &plain the motion d the object and the blankt at each
stage; describe and eplain the balance d forces at each stage

e Students describe and aplain forces and motion involved in bowling or other sports

Expanded Sample Assessment Idea

e Students investigate how the drce of gravity operates over a distance and influences the motionfoa
marble.

Materials rolling along the table and when it stops moving on

“Marbles” of different materials (ball bearings glass marbles the table

plastic balls etc.), thin card or wood to male “chutes”,

; Reflection and Revision
rulers or meter stick.

How reproducible is the &periment? What causes the
Procedure variability? How can the procedure be improved to reduce
the variability? How do the results change if you change
] ) the surface of the table? The type d marble? What causes
1. Design and construct a chute that will roll marbles | ¢hese changes? What is the pattern that describes how the
onto a table distance the marble moves across the table is related to

Students will:

2. Roll a marble from different distances along the chute; the distance from which it was rolled ff the chute? What
measure the distance traveled on the table by the other variables (besides distance along the length fothe
marble; record. chute) might affect the distance the marble travels across

3. Repeat the marble roll to establish the reproducibility| ~ the table?

of the measurements
Levels of Performance

Stage 4  Student work is complete correct, and shows
=== .= (etailed evidence ¢ the transfer and extension

Organize information into data tables; graph data.
Repeat steps 2-4 using different marbles table

surfaces, and so on. T of knowledge that relates rces to changes in
Compare results with others in the class motion. Data tables and graphs are clearly
Draw diagrams to shows the 6rces and resulting motion labeled, well-organized and accurately represent
acting on the marble bebre it is released, as it is rolling the observations All five force diagrams are
down the chutg when it reaches the table as it is clearly labeled to show the appropriate drces
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and resulting motion. The discussion shows
excellent reasoning skills recognizes that the
amount of “force” determines the motion, that
a constant force (gravity) is applied down the
chute, and that no new frce is applied once
the marble leaves the bottom & the chute and
includes a detailed error analysis section.

Stage 3  Student work is mostly correct, and shows
- evidence o the transfer or etension o
- knowledge that relates rces to changes in

motion. Data tables and graphs are labeled,
organized and reasonable representations bthe
observations Most of the force diagrams are
labeled to show the appropriate érce and
resulting motion, although they may contain
minor errors or omissions The discussion shows

reasoning skills recognizes that fbrce
determines the motion, that a constant drce
(gravity) is applied down the chutgand includes
an error analysis section.

Stage 2 Student records some data and attempts to
- graph. In discussion shows limited logical
reasoning. May not recognize clearly the amount
or origin o “force” that determines results or
that other variables need to be controlled. May
recognize that some variables need to be
controlled, but is unclear on details

Stage 1  Student work is mostly incompletg contains

-==  Misconceptions relating to dérce and motion,

data records are minimal or totally incorrect,

and interpretations show limited scientific
reasoning.

Standards Cross-References

i
5 "

National Science Education Standards

The motion d an object can be described by its position,
direction o motion, and speed. That motion can be
measured and represented on a graph. (Rge 154)

An object that is not being subjected to adrce will continue
to move at a constant speed and in a straight line(Page
154)

If more than one force acts on an object along a straight
line, then the forces will reinbrce or cancel one another
depending on their direction and magnitudeUnbalanced

forces will cause changes in the speed or directionfoan

objects motion. (Page 154)
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Benchmarks

An unbalanced frce acting on an object changes its speed
or direction d motion, or both. If the brce acts toward a
single center the objects path may curve into an orbit
around the center (Page 90)

Vibrations in materials set up waveli& disturbances that
spread away from the source Sound and earthquake waves
are examples. These and other waves move at different
speeds in different materials (Page 90)

Human eyes respond to only a narrow range bwavelengths
of electromagnetic radiation—visible light. Differencesfo
wavelength within that range are perceived as differences
in color (Page 90)



Alaska Science
Key Element A7

A student who meets the content standard should understand how the Earth changes
because of plate tectonics earthquakes, volcanoes erosion and deposition, and living
things (Processes that Shape the Earth).

Performance Standard Level 3, Ages 11-14

Students use models to &plain how large scale movements within the Eartk’interior cause changes on the Eartls surface.

A Sample Assessment Ideas

e Students design and draw a 2-dimensional model or construct a 3-dimensional model that represents a
convection current within the Earth, describe the cyclic patterrf smovement.

e Students create a model d tectonic plates and hypothesize how the Alagin landmass, and the Chilloot
and Brooks Ranges were brmed.

Expanded Sample Assessment Idea

e Students design and create a model that shows the relationship between convection currents within the
Earth’s mantle, large-scale motions & the Earth’s interior and subsequent effects on the Eartts surface.

Procedure Reflection and Revision

Students will: Use the models as a reference ér discussion about landérm
groupings around the Earth. Why do volcanic mountains

1. Work in small groups to decide the drmat for their :
appear to form in clusters?

model (for example, drawing, flip book, diorama, cut-
away sphere, computer graphi¢ computer simulation,

or video) that will demonstrate the relationship Level of Performance

between interior motion and surdce changes d the Stage 4  Student model is complete detailed, and
Earth. - accurately describes the relationship between
2. Choose the type d surface change their model will convection currents within the Earts’ mantle,
simulate. large-scale motions @ the Earth’s interior and
) ) the subsequent effect d the Earth’s surface.
Design and construct their model. Student explanation demonstrates evidence b
Make a formal presentation to the class that higher-level thinking and relevant knowledge
demonstrates the relationship between convention There is no evidence & misconceptions

currents in the mantle large-scale motions @ the Earth's

e Stage 3  Student model is complete and accuratel
interior, and subsequent surfice change 4 hete y

== describes some relationships between

5. Discuss how different large-scale motions foEarth’s = convection currents within the Eartk’ mantle,
interior produce different landérms on the Earths large-scale motions & the Earth’s interior and
surface. subsequent effects on the Earths surface.

Student explanation demonstrates evidence b
higher-level thinking or relevant knowledge
Minor misconceptions may be present.
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Stage 2 Student model includes convection currents

- large-scale interior movements or surface

changes, but does not demonstrate the
relationship between them.

Stage 1  Student may attempt to construct a model, but
== the work lack detail, is incomplete or
inaccurate Student explanation shows evidence
of major misconceptions

= "+ Standards Cross-References

National Science Education Standards

The solid Earth is layered with a lithosphere; hot, convecting
mantle; and dense metallic core (Page 159)

Lithospheric plates on the scales bcontinents and oceans
constantly move at rates & centimeters per year in response
to movements in the mantle Major geological events such

as earthquakes, volcanic eruptions and mountain building
result from these plate motions (Page 160)

Land forms are the result d a combination d constructive
and destructive brces. Constructive brces include crustal
deformation, volcanic eruption, and depositionfosediment,

while destructive 6rces include weathering and erosion.
(Page 160)

Some changes in the solid Earth can be described as the
“rock cycle” Old rocks at the Earth’s surface weather, forming

sediments that are buried, then compacted, heated, and
often recrystallized into new rock. Eventuallythose new

rocks may be brought to the suréce by the forces that

drive plate motions and the rock cycle continues (Page

160)

Soil consists d weathered rocls and decomposed organic
material from dead plants animals, and bacteria. Soils are
often found in layers with each having a different chemical
composition and teture. (Page 160)

Water, which covers the majority & the Earth’s surface,

circulates through the crust, oceansand atmosphere in
what is known as the “water cycle” Water evaporates from
the Earth’s surface, rises and cools as it moves to higher
elevations condenses as rain or snowand falls to the surfice

where it collects in laks, oceans, soil, and in rocls

underground. (Page 160)

Water is a solvent. /& it passes through the water cycle it
dissolves minerals and gases and carries them to the oceans
(Page 160)

Living organisms have played many roles in the Eartk’
system, including affecting the composition fothe
atmosphere, producing some types @ rocks, and contributing
to the weathering d rocks. (Page 160)

The Earth processes we see today including erosion,
movement of lithospheric plates and changes in
atmospheric composition, are similar to those that occurred
in the past. Earth history is also influenced by occasional
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catastrophes such as the impact d an asteroid or comet.
(Page 160)

Benchmarks

The interior d the Earth is hot. Heat flow and movement &
material within the Earth cause earthquaks and volcanic
eruptions and create mountains and ocean basinsGas and
dust from large volcanoes can change the atmosphergPage
73)

Some changes in the Earth$ surface are abrupt (such as

earthquakes and volcanic eruptions) while other changes
happen very slowly (such as uplift and wearing down ©

mountains). The Earths surface is shaped in part by the
motion of water and wind over very long times which act
to level mountain ranges (Page 73)

Sediments of sand and smaller particles (sometimes
containing the remains & organisms) are gradually buried
and are cemented together by dissolved minerals toofm
solid rock again. (Page 73)

Sedimentary rock buried deep enough may be refrmed by
pressure and heat perhaps melting and recrystallizing into
different kinds d rock. These rebrmed rock layers may be
forced up again to become land surdice and even mountains
Subsequently, this new rock too will erode Rock bears
evidence d the minerals temperature, and forces that
created it. (Page 73)

Thousands of layers of sedimentary rock confirm the long
history of the changing surfce of the Earth and the
changing life brms whose remains are bund in successive
layers. The youngest layers are not always éund on top,
because of folding, breaking, and uplift & layers. (Page
73)

Although weathered rock is the basic component fosoil,
the composition and t&ture of soil and its fertility and
resistance to erosion are greatly influenced by plant roots
and debris, bacteria, fungi, worms insects rodents, and
other organisms (Page 73)

Human activities such as reducing the amount & forest
cover, increasing the amount and variety & chemicals
released into the atmosphere and intensive firming, have
changed the Earth$ land, oceans, and atmosphere Some
of these changes have decreased the capacity D the
environment to support some life drms. (Page 73)



Mini-Unit: Plates on the
Move

g Y Performance
4 0 Standard A7, Level 3

’ﬁ Students will use models to explain
how large scale movements within
the Earth’s interior cause
changes on the Earth’s
surface.

Key Concepts and Skills

= Solid earth is divided into several layers: a thin crust, the solid lithospherthe
mantle layer, and a dense metal core

« Heat flow and convection currents within the mantle cause motionfdhe
lithospheric plates; continental plates and the ocean floor move at ratesfo
centimeters per year

< Major geological events such as earthquass, volcanic eruptions and mountain
building are the result ¢ motion of the tectonic plates

< Skills: Observe develop models and hypotheses experiment, communicate;
transfer concepts record data, summarize data, interpret data, report orally;
use reference materials deliver a presentation, measure sketch, write
compare, plan, design.

N
il

Timeline

Up to twenty days not consecutive

‘i
= e Abstract

Students will develop their understanding foplate tectonics using hands-on activitigs
information searches guided discussion, and content gpertise from the teacher or
other subject-matter apert.

Alaska Science
Content Standard
Key Element

A student who meets the
content standard should
understand how the earth
changes because of plate
tectonics, earthquakes,
volcanoes, erosion and
deposition, and living
things.

Cross-References

Additional Content and
Performance Standards:
A6, B1

Integration: This topic can
be used to reinforce and
complement math,
reading, language, social
studies, and art skills.
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Fri
%‘F Materials

O Include a variety d materials
in your classroom as an
invitation to learn and use
later to generalize Some
materials include; read-aloud
stories, Native stories
personal stories news articles
slides and illustrations &
earthquakes and volcanoes
and so on.

O The Alaska Resources Kit:
Minerals & Energy (AMEREF);
Module B, Alaska’s Geology;
available from Alasla
Department of Education

Perfume, ammonia, or other volatile
odorous substances

Hot plate or other means to create hot
water

Clear plastic shoe bx, glass tank,
aquarium, or clear glass bread pan

Ice, food dye, small paper cup, masking
tape, water source

Apple for Scale Model Ativity

Media resources: USGS '64 quale or
other geohazard slides photos, books,
Internet, CD-ROM

Craft materials to use in student models

\ Activities

Ongoing Background Student Activity

From week 1 through week 30 & the school year record and map earthquale and
volcano occurrence data on individual student maps and a large classroom map.

Gear-up

Move all students to one side 6 the classroom. Blindbld them. Open a bottle d
perfume, ammonia or sufficiently odorous substance on the opposite sidefahe
classroom. Measure the time it taks the odor to reach the studentsRepeat the
experiment. This time put the odor-causing substance on a hot platésk students to
speculate how the odor traveled from the container across the room to their location.
Describe kinetic-molecular theory and relate it to the odor demonstration. Students
draw a magnified molecular view é the odor demonstration using cartoon-type
molecular characters Show students pictures tell stories ask if they have experienced
earthquakes. Ask students to speculate how the odor demonstration relates to

earthquakes.

Embedded Assessment

The demonstration, discussion, drawing and speculation are partfeembedded pre-
assessments to determine student understanding, previous learning, and possible

misconceptions

Discuss in small-groups what students know or think they know about the earsh’
interior structure Elicit questions about those topics students want to know more
about. Ask students how an apple is similar to the earth. Use the apple as a
starting point to discuss the structure othe earth’s interior Cut an apple in half
and use it to refer to the corg layers, and crust o the earth. (See AMEREF Module B
for graphic Similar graphics can be bund in texts, and the FEMA Earthquale Book.)



Students investigate convection currents by using a heat sink (cupface) or heat
source (container d hot water on hot plate) to observe movement Hbdye in water.
This activity may be modified by floating ¢ontinent cut-outs” on the water suice.
(See AMEREF Module B)

Embedded Assessment: Students draw a diagram to show vertical and horizontal
views o convection currents Use the molecular cartoon characters created during
Gear-Up activities to &plain what causes convection currents

Students use a world map as a discussion reference to discover possible geographic
land matches such as the Alantic coasts d South America and Africa. Put together
a jigsaw puzzle that illustrates global plate boundaries(AMEREF Module B Plate
Tectonic Puzzle)

Collect and share inbrmation about the effects d earth’s crustal plate movements
(Sources include: materials from United States Geological Survey (USGS), slides
magazine pictures newspaper, Web search, stories from Elders and so on). Use
student-generated inbrmation as well as inbrmation from subject-matter &perts
(teacher, USGS personnel and so on) to tie together the conceptfoconvection as it
relates to interior earth movementsand the large-scale suréice effects d plate
movements

Embedded Assessment

Students use words or words and pictures toxplain how convection currents cause
large-scale movements on the eartls’ surface.

Expanded Sample Assessment Idea

Students design and create a model that shows the relationship between convection
currents within the eartts mantle, large-scale motions @ the earth’s interior and
subsequent effects on the earths surface.

Procedure
Students will:

1. Work in small groups to decide the drmat for their model (for example,
drawing, flip book, diorama, cut-away spherg computer graphi¢ computer
simulation, or video) that will demonstrate the relationship between interior
motion and surface changes d the earth.

2. Choose the type d surface change their model will simulate
3. Design and construct their model.

4. Make a formal presentation to the class that demonstrates the relationship
between convention currents in the mantlelarge-scale motions @ the earth’s
interior, and subsequent surfice changes

5. Discuss how different large-scale motions fothe earth’s interior produce
different landbrms on the earths surface.
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Reflection and Revision

Use the models as a reference ér discussion about landérm grouping around the
earth. Why do volcanic mountains appear todrm in clusters?

Level of Performance:

Stage 4  Student model is complete detailed, and accurately describes the
- e lelationship between convection currents within the Earthmantle, large-
=== scale motions d the Earth’s interior and the subsequent effect ¢ the
Earth’s surface. Student explanation demonstrates evidence b higher-level
thinking and relevant knowledge There is no evidence & misconceptions

Stage 3  Student model is completg and accurately describes some relationships
=== between convection currents within the eartf'mantle, large-scale motions
=== Of the Earth’s interior and subsequent effects on the Eartls surface.

Student explanation demonstrates evidence b higher-level thinking or
relevant knowledge Minor misconceptions may be present.

Stage 2 Student model includes convection currentslarge-scale interior
== Movements or surface changes but does not demonstrate the relationship
between them.

Stage 1  Student may attempt to construct a model, but the work lackdetail, is
- incomplete or inaccurate Student explanation shows evidence & major
misconceptions

.+ *i,  Standards Cross-References

National Science Education Standards

The solid earth is layered with a lithosphere; hot, convecting mantle; and dense
metallic core (Page 159)

Lithospheric plates on the scales bcontinents and oceans constantly move at rates fo
centimeters per year in response to movements in the mantléMajor geological
events, such as earthquales, volcanic eruptions and mountain building result from
these plate motions (Page 160)

Land forms are the result ¢ a combination of constructive and destructive drces.
Constructive brces include crustal defrmation, volcanic eruption, and deposition ©
sediment, while destructive drces include weathering and erosion. (Rge 160)

Some changes in the solid earth can be described as the “rock cycleOld rocks at the
earth’s surface weather, forming sediments that are buried, then compacted, heated,
and often recrystallized into new rock. Eventuallythose new rocls may be brought to
the surface by the forces that drive plate motions and the rock cycle continues (Page
160)

Soil consists d weathered rocls and decomposed organic material from dead plants
animals, and bacteria. Soils are dten found in layers with each having a different
chemical composition and tature. (Page 160)

Water, which covers the majority  the earth’s surface, circulates through the crust,
oceans, and atmosphere in what is known as the “water cycl€ Water evaporates from
the earth’s surface, rises and cools as it moves to higher elevationscondenses as rain
or snow, and falls to the surfice where it collects in laks, oceans, soil, and in rocls
underground. (Page 160)

Water is a solvent. A it passes through the water cycle it dissolves minerals and
gases and carries them to the oceans (Page 160)



Living organisms have played many roles in the earth system, including affecting the
composition d the atmosphere producing some types & rocks, and contributing to
the weathering d rocks. (Page 160)

The earth processes we see today including erosion, movement b lithospheric plates
and changes in atmospheric composition, are similar to those that occurred in the
past. Earth history is also influenced by occasional catastrophesuch as the impact
of an asteroid or comet. (Rage 160)

Benchmarks

The interior d the earth is hot. Heat flow and the movement bmaterial within the
earth cause earthquales and volcanic eruptions and create mountains and ocean
basins. Gas and dust from large volcanoes can change the atmosphere(Page 73)

Some changes in the earths surface are abrupt (such as earthquales and volcanic
eruptions) while other changes happen very slowly (such as uplift and wearing down
of mountains). The earths surface is shaped in part by the motion & water and wind
over very long times which act to level mountain rangegPage 73)

Sediments o sand and smaller particles (sometimes containing the remainsfo
organisms) are gradually buried and are cemented together by dissolved minerals to
form solid rock again. (Rage 73)

Sedimentary rock buried deep enough may be refrmed by pressure and heat perhaps
melting and recrystallizing into different kindsforock. These rebrmed rock layers may
be forced up again to become land surdce and even mountains Subsequently, this
new rock too will erode Rock bears evidence & the minerals temperature, and forces
that created it. (Page 73)

Thousands dof layers of sedimentary rock confirm the long history fothe changing
surface of the earth and the changing life érms whose remains are bund in
successive layers The youngest layers are not always éund on top, because d
folding, breaking, and uplift & layers. (Page 73)

Although weathered rock is the basic componentfosoil, the composition and t&ture
of soil and its fertility and resistance to erosion are greatly influenced by plant roots
and debris, bacteria, fungi, worms insects rodents, and other organisms (Page 73)

Human activities such as reducing the amount & forest covey increasing the amount
and variety o chemicals released into the atmosphergand intensive firming, have
changed the earth$ land, oceans, and atmosphere Some of these changes have
decreased the capacity ¢ the environment to support some lifedrms. (Page 73)
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Alaska Science
Key Element A8a

A student who meets the content standard should understand the scientific principles
and models that describe the nature 6 physical, chemical, and nuclear reactions (Energy
Transformations).

Performance Standard Level 3, Ages 11-14

Students investigate common physical and chemical changes and the characteristics associated with each tydechange,
and relate these changes to simple rearrangements foatoms.

..

5

Sample Assessment Ideas

e Students conduct tests with cabbage juice indicatpiand common household substances to determine if
they are an acid or a base

e Students compare cookies or cak recipe ingredients (or mix) with the coatd product; compare taste
smell, texture and appearance; &plain what happened in terms & irreversible chemical changes

Expanded Sample Assessment Idea

e Students investigate the reaction biron and sulfur to brm iron sulfide and build structural models to help
explain the reaction and the conservation rules involved

Materials 3. Make careful observation d the properties d the
product removed from the test tube (including:

0 test tubes . .
hardness, color, crystal shape magnetic properties

[ iron filings solubility/reaction in water); male quantitative

0 magnet measurements o the mass of the product; describe

0 balance (if available) and record in journal.

[ heater (Bunsen burner or flame) 4. Build models_ d iron, sul_fur and iron sglfide; use t_he

0 i q models to discuss physical and chemical propertigs
SUTiur powder and physical and chemical changes

O magnifying glass

Reflection and Revision

Procedure What properties do the substances have in common? What

NOTE: Proper safety procedures must be followed! properties are different? What is the evidence fophysical

Students will: change? What is the evidence & chemical change? Explain
1. Make careful observation d the properties d iron filings Zvohnzes?j?i (')s:udents find that the product is magnetic and

and sulfur (including: hardness color, crystal shape
magnetic properties solubility/reaction in water); mak
quantitative measurements d the mass of the iron Levels of Performance

filings and sulfur; describe and record in journal. T Student work is complete correct and shows

2. Add one scoop d each starting material into a test evidence d logical reasoning and the transfer

tube, and heat strongly (SAFETY NOTE—take care not and extgnsion d knowledge regarding chemical
to catch sulfur on fire); cool. vs. physical change and propertiesStudent work

L3-23



includes detailed observations and accurate
models that demonstrate the conservation b
atoms in chemical reactions The models are used

to interpret experimental observations including
the presence d non-reacted materials and the
principle that correct ratios are requireddr a

complete reaction.

Stage 3  Student work is mostly complete and shows
- evidence o reasoning and the transfer or
- extension o knowledge regarding chemical vs

physical change and properties Student work
may contain minor errors or omissions but it
includes some detailed observations as well as
models that demonstrate the interaction b
atoms in chemical reactions The models are used

to explain some experimental observations and
the need for correct ratios

Stage 2 Student work may be incomplete and shows
- |limited evidence d knowledge regarding the
== difference between physical and chemical

properties or changes Experimental observations
lack detail, models may show evidence bskilled
craftsmanship but flawed reasoning is used to
explain chemical reactions

Stage 1  Student work is mostly incomplete and shows

=== evidence d misconceptions regarding physical
and chemical properties and changes
Observations are minimal or totally incorrect and
models may be incorrect or cannot be used to
explain chemical reactions

National Science Education Standards

Substances react chemically in characteristic ways with other|
substances to brm new substances (compounds) with
different characteristic properties In chemical reactions
the total mass is conserved. Substances ften are placed in
categories or groups if they react in similar ways; metals is
an example of such a group. (Page 154)

Chemical elements do not break down during normal
laboratory reactions involving such treatments as heating,
exposure to electric current, or reaction with acidsThere
are more than 100 known elements that combine in a
multitude of ways to produce compounds which account
for the living and nonliving substances that we encounter
(Page 154)

In most chemical and nuclear reactionsenergy is transferred
into or out o a system. Heat, light, mechanical motion, or
electricity might all be involved in such transfers(Page

155)

Benchmarks

Atoms and molecules are perpetually in motion. Increased
temperature means greater average energy b motion, so

most substances &pand when heated. In solids the atoms
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.. Standards Cross-References

5

are closely locled in position and can only vibrateln liquids,
the atoms or molecules have higher energy omotion, are
more loosely connected, and can slide past one another;
some molecules may get enough energy to escape into a
gas. In gases, the atoms or molecules have still more energy
of motion and are free d one another except during
occasional collisions (Page 78)

There are groups d elements that have similar properties
including highly reactive metalsless reactive metals highly
reactive nonmetals (such as chloringfluorine, and oxygen),
and some almost completely nonreactive gases (such as
helium and neon). An especially important kind breaction
between substances involves combinations fooxygen with
something else—as in burning or rusting. Some elements
don't fit into any d the categories; among them are carbon
and hydrogen, essential elements b living matter (Page
78)

No matter how substances within a closed system interact
with one another or how they combine or break apart, the
total weight d the system remains the same The idea of
atoms explains the conservation & matter: if the number
of atoms stays the same no matter how they are rearranged,
then their total mass stays the same (Page 79)



Alaska Science
Key Element A8b

A student who meets the content standard should understand the scientific principles
and models that state whenever energy is reduced in one plagét is increased somewhere
else by the same amount (Energy Fansformations).

Performance Standard Level 3, Ages 11-14

Students observe and describe energy changes that takplace around them.

-

& Sample Assessment Ideas

e Students draw a diagram to show the flow & energy from the fuel used in the local generator to the
electric light in their respective homes

e Students research the energy efficiency fotheir home and develop multiple suggestions as to how to
improve the heat efficiency 6 their respective homes

Expanded Sample Assessment Idea

e Students create a model ¢ a steam house; measure the temperature changes; gplain the energy transfers
[Proper SAFETY precautions should be used.]

Procedure Levels of Performance
Students will: Stage 4  Student work is complete correct and shows
1. Build a model o a steam house or steam tent. :: detailed evidence d the transfer and extension

of knowledge related to energy changes that

2. Measure the weight d a length of metal chain. take place around us The experiment is

3. Heat the metal chain on a hot plate (Note: chain makes performed safely, data is represented with
a good substitute br rocks which sometimes &plode appropriate units explanation is accurate and
when heated.) describes examples of radiation, conduction and

4. Remove the chain and place it inside the model. convection in the natural environment as well
Carefully pour a measured amount d water over the as in the technological world..
chain. Stage 3  Student work is mostly complete correct and
Measure the increase in temperature inside the model. —_ shows evidence d the transfer or etension d

=== knowledge related to energy changes that tak
place around us but may contain minor errors
or omissions. The experiment is perbrmed
safely, data may not include appropriate units
and the explanation describes at least two
. - examples of radiation, conduction or convection
Reflection and Revision in the natural environment or in the
Discuss energy transfer by radiation, conduction and technological world, although it may contain
convection. Give gamples in nature d where these energy minor errors or omissions
transfers occur Give examples of where these energy
transfers occur in our technological world.

7. Explain how the temperature measurement and
calculations describe each & the energy releases and
transfers. (Be sure to include the energy needed to
turn liquid water into water vapor)
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Stage 2 Student work may be incomplete and shows
- |imited evidence & knowledge related to energy
changes that take place around us. The
experiment is perbrmed safely and model may
show evidence d skilled craftsmanship but data
is incomplete or incorrect, and the xplanation

may contain misconceptions

Stage 1  Student work is mostly incomplete
- inappropriate, shows little evidence @
craftsmanship or knowledge related to energy
changes that tale place around us

1T

. Standards Cross-References

o

National Science Education Standards

Energy is a property ¢ many substances and is associated
with heat, light, electricity mechanical motion, sound,
nuclei, and the nature d a chemical. Energy is transferred
in many ways. (Page 155)

Electrical circuits provide a means btransferring electrical
energy when heat, light, sound, and chemical changes are
produced. (Page 155)

In most chemical and nuclear reactionsenergy is transferred
into or out o a system. Heat, light, mechanical motion, or
electricity might all be involved in such transfers(Page

155)

The sun is a major source d energy for changes on the

Earth’s surface. The sun loses energy by emitting light. A
tiny fraction d that light reaches the Earth, transferring
energy from the sun to the Earth. The surs energy arrives

as light with a range d wavelengths consisting d visible

light, infrared, and ultraviolet radiation. (Bge 155)
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Benchmarks

Energy cannot be created or destroyed, but only changed
from one form into another (Page 85)

Most of what goes on in the universe—from gploding stars
and biological growth to the operation H machines and
the motion d people—involves some érm of energy being
transformed into another Energy in the brm of heat is
almost always one of the products o an energy
transformation. (Page 85)

Energy appears in different érms. Heat energy is in the
disorderly motion d molecules; chemical energy is in the
arrangement of atoms; mechanical energy is in moving
bodies or in elastically distorted shapes; gravitational energy
is in the separation ¢ mutually attracting masses (Page
85)



Alaska Science
Key Element A8c

A student who meets the content standard should understand the scientific principles
and models that state that whenever there is a trangfrmation of energy, some energy is
spent in ways that male it unavailable for use (Energy Transformations).

Performance Standard Level 3, Ages 11-14

Students examine energy transfers and identify energy that is useful vsenergy that is unavailable

a Sample Assessment ldeas

e Students identify energy trangfrmations in the community (school and home especially); design a way to
measure the efficiency d& an energy transfer (eg. electricity to light); confirm what happens to the “lost”
energy.

e Students research and report on the efficiencyfdight bulbs refrigerators and other household or community
appliances; contact local appliance storesdr this information or write to the manuéicturer; describe what
happens to the remaining energy (eg. if a light bulb is 40% efficient, what happens to the other 60%?)

Expanded Sample Assessment Idea

e Students carry out a standard calorimetry gperiment to compare energy losses in different calorimeters

Materials 4. Place the metal block at known temperature into the
O hot plate hot water in the calorlmeter; measure the temperature
] change over a few minutes; record data.
0 metal blocks with holes br thermometer .
5. Graph data; extrapolate back to “zero time” to get
L tongs specific change in temperature
O

calorimeters o 6. Graph the calorimeters heat loss over time
(styrofoam cup and lid with hole br thermometer) . .

Compare results with other students in class
Procedure

Students will:

Reflection and Revision

] ) ) What are the efficiencies (heat retained or total heat loss)
1. Measure the volume d water required to fill calorimeter for the different calorimeters? Where happens to the heat

half-full of water; heat this amount d water to near energy that is “lost” from the calorimeter? How could you

boiling. change the design to improve the efficiency foyour
2. Weigh the metal block; insert thermometer and measure calorimeter? How can this inbrmation about efficiency and

temperature o metal block; record measurements heat loss be used in an application in the community?

3. Determine the ‘talorimeter constant” (i.e quickly add L | f Perf
a known volume d water at a known temperature to evels ot Ferformance
the calorimeter; measure the immediate drop in Stage 4  Student work is complete and shows clear
temperature; calculate the heat needed to heat the| -m= === evidence d ability to conduct a reproducible
. o .
calorimeter from room temperature to the temperature experiment to measure heat loss Data and
just measured.) observations are recorded in detail, graphs
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accurately represent the data, and the student
describes an appropriate method to reduce the
heat loss of the calorimeter Community
applications are discussed in detail and show
extensive evidence 6 the transfer o knowledge

Stage 3  Student work is mostly complete and shows
=== evidence d ability to conduct a reproducible
==  experiment to measure heat loss Data and

observations are recorded, graphs are drawn to
represent the data, and the student describes a
method to reduce the heat loss & the

calorimeter. An example of a community

application is discussed and shows evidence fo
transfer of knowledge

Stage 2 Student work may be incomplete and shows
- |imited evidence d ability to conduct a
reproducible eperiment or measure heat loss
Data and observations are recorded but errors
are made. Student may not include suggestion
for improving the measurements Student may
identify a community application but the
explanation lacls detail and show limited

transfer of knowledge

Stage 1  Student work is mostly incomplete and shows
- Mmisconceptions regarding gperimental design
and heat loss. Data and observations are
incomplete or incorrectly recorded. Community
applications if present are incorrect and show

evidence d misconceptions

National Science Education Standards

In most chemical and nuclear reactionsenergy is transferred
into or out o a system. Heat, light, mechanical motion, or
electricity might all be involved in such transfers(Page

155)

The sun is a major source d energy for changes on the

Earth’s surface. The sun loses energy by emitting light. A
tiny fraction d that light reaches the Earth, transferring
energy from the sun to the Earth. The surs energy arrives

as light with a range d wavelengths consisting d visible

light, infrared, and ultraviolet radiation. (Bge 155)
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Benchmarks

Most of what goes on in the universe—from gploding stars
and biological growth to the operation H machines and
the motion d people—involves some érm of energy being
transformed into another Energy in the Bbrm of heat is
almost always one of the products o an energy
transformation. (Page 85)

Heat can be transferred through materials by the collisions
of atoms or across space by radiation. If the material is
fluid currents will be set up in it that aid the transferfo
heat. (Page 85)



Alaska Science
Key Element A9

A student who meets the content standard should understand the transfers and
transformations of matter and energy that link living things and their physical environment
from molecules to ecosystems (Flow & Matter and Energy).

Performance Standard Level 3, Ages 11-14

Students create an ecosystem and &plain physical and chemical changes that tak place as energy flows and matter cycles
within that ecosystem.

L]

E Sample Assessment Ideas

e Students use role play to demonstrate a dod web that consists & at least five organisms; discuss
interrelationships and how each organism contributes to the survivalf ahe others

Expanded Sample Assessment Idea

e Students create a model biosphere and gplain the physical and chemical changes taking place within each
component.

Procedure Levels of Performance

Students will: Stage 4  Student work is complete shows evidence d

1. Create a total living environment that includes| == == logical reasoning and atensive evidence 6
knowledge regarding physical and chemical

producers consumers, and decomposers (Bottle ot
changes that tale place within an ecosystem.

Biology describes several terrestrial and aquatic J 3 g ¢ L
biospheres made with recycled soda-pop plastic The visual display includes a detailed description
of the physical and chemical effects 6 each

hottles) d the biosph he flow of
2. Record_ observations made \_Nith nakd eye, hand lens, ;2?23:5:; dtrn:tt(;??/eitﬁ:?] :h: b%vgpheigzrr?g
and microscopg as appropriate a detailed prediction ¢ what would happen if
3. Create a visual display (such as a poster 3-D model, one of the components were removed or
computer graphig or computer simulation) that damaged.
describes the cycling & matter and flow o energy in

s Stage 3  Student work is complete and shows evidence
their biosphere

- Of logical reasoning and the physical and
=== Chemical changes that tale place within an

Reflection and Revision : :
ecosystem, although it may also contain

How would the biosphere have been affected if you started omissions and minor inaccuracies The visual
it with twice as many producers? Predict the effect fo display includes a description 6 the physical
removing one d the organisms Predict the effect d and chemical effects ¢ components d the
damaging one d the components? What would change if biosphere a description d the flow of energy
the model biosphere was located inside a spaceship? or cycling matter within the system and a partial

description or prediction about the effect o
removal of one of the components
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Stage 2 Student work may contain evidence 6 skilled
- craftsmanship, but is incomplete may contain

errors o reasoning or misconceptions regarding
the components d a biosphere,

Stage 1
i

Student work may contain evidence 6 skilled

craftsmanship but is largely incomplete

incorrect, and may contain major misconceptions
regarding the biosphere

National Science Education Standards

Populations of organisms can be categorized by the function
they serve in an ecosystem. Plants and some microorganisms
are producers—they male their own od. All animals
including humans are consumers which obtain bod by
eating other organisms Decomposers primarily bacteria
and fungi, are consumers that use waste materials and dead
organisms for food. Food webs identify the relationships
among producers consumers, and decomposers in an
ecosystem. (Page 157)

For ecosystems the major source d energy is sunlight.
Energy entering ecosystems as sunlight is transferred by
producers into chemical energy through photosynthesis
That energy then passes from organism to organism inobd
webs. (Page 158)

The number of organisms an ecosystem can support depends
on the resources available and abiotic dctors, such as
quantity of light and water range of temperatures and soil
composition. Given adequate biotic and abiotic resources
and no disease or predators populations (including humans)
increase at rapid rates Lack of resources and other &ctors,
such as predation and climate limit the growth d

populations in specific niches in the ecosystem. @ye 158)
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Benchmarks

Food provides molecules that serve as the fuel and the
building material br all organisms Plants use the energy
from light to male sugars from carbon dixide and watet
This food can be used immediately or stored dr later use
Organisms that eat plants break down the plant structures
to produce the materials and energy they need to survive
(Page 120)

Over a long time matter is transferred from one organism
to another repeatedly and between organisms and their
physical environment. A in all material systems the total
amount of matter remains constant, even though itsdrm
and location change (Page 120)

Energy can change from one érm to another in living things
Animals get energy from aidizing their bod, releasing some
of its energy as heat. Almost all od energy comes originally
from sunlight. (Page 120)



Alaska Science
Key Element A10

A student who meets the content standard should understand that living things are
made up mostly of cells and that all life processes occur in cells (Cells).

Performance Standard Level 3, Ages 11-14

Students create models to describe the basic structurefgplant and animal cells how cells organize to érm tissues how
tissues form organs, and how organs brm organ systems within multicellular organisms

.

f?zx Sample Assessment ldeas

e Students illustrate the different shapes bspecialized cells; relate the shape to the specialized function

of each cell.

e Students draw or build a model & a root, stem, or leaf along with one or more tissues and cells that mak

up that structure

e Students create a diagram that shows the relationship between the heart and circulatory system.

Standards Cross-References

National Science Education Standards

Cells carry on the many functions needed to sustain life
They grow and divide thereby producing more cells This
requires that they tale in nutrients which they use to
provide energy br the work that cells do and to mak the
materials that a cell or an organism needs (Page 156)

Specialized cells perbrm specialized functions in
multicellular organisms Groups of specialized cells
cooperate to Hbrm a tissue, such as a muscle Different
tissues are in turn grouped together todrm larger functional
units, called organs Each type of cell, tissug and organ
has a distinct structure and set & functions that serve the
organism as a whole (Page 156)

Benchmarks

All living things are composed b cells, from just one to

many millions whose details usually are visible only through
a microscope Different body tissues and organs are made
up of different kinds d cells. The cells in similar tissues
and organs in other animals are similar to those in human
beings but differ somewhat from cellsdund in plants (Page

112)

Cells repeatedly divide to mak more cells br growth and
repair. Various organs and tissues function to serve the
needs of cells for food, air, and waste removal. (Page 112)

Within cells many of the basic functions ¢ organisms—
such as extracting energy from fod and getting rid d
waste—are carried out. The way in which cells function is
similar in all living organisms (Page 112)

About two-thirds d the weight d cells is accounted 6r by
water, which gives cells many & their properties (Page
112)
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Alaska Science
Key Element A1l

A student who meets the content standard should understand that similar features are
passed on by genes through reproduction (Heredity).

Performance Standard Level 3, Ages 11-14

Students explain the similarities and differences between saial and asexual reproduction in a variety & organisms.

% Sample Assessment ldeas

e Students describe sa&ual and asexual reproduction methods in plantsincluding production & seeds and

runners.

e Students develop a model to show the cellular differences between mitosis and meiosis

Standards Cross-References

National Science Education Standards

Plants and animals closely resemble their parents (Page
129)

Many characteristics ¢ an organism are inherited from the
parents of the organism, but other characteristics result
from an individuals interactions with the environment.
Inherited characteristics include the color foflowers and
the number of limbs of an animal. Other features such as
the ability to ride a bicycleare learned through interactions
with the environment and cannot be passed on to the né
generation. (Page 129)

The characteristics & an organism can be described in terms
of a combination d traits. Some traits are inherited and
others result from interactions with the environment. e
157)

Benchmarks

In some kinds o organisms, all the genes come from a
single parent, whereas in organisms that have ses,
typically half d the genes come from each parent. (Rge
108)

In sexual reproduction, a single specialized cell from a
female merges with a specialized cell from a maleAs the

fertilized egg, carrying genetic irdrmation from each

parent, multiplies to 6rm the complete organism with about
a trillion cells the same genetic inbrmation is copied in

each cell. (Page 108)
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ecosystems (Diversity).

Alaska Science
Key Element A12

A student who meets the content standard should distinguish the patternd similarity
and differences in the living world in order to understand the diversityf dife and
understand the theories that describe the importance fodiversity br species and

Performance Standard Level 3, Ages 11-14

Students organize living organisms into groups based on internal andkternal structure reproductive style and their place

in the food weh.

b

5. Sample Assessment Ideas

e Students produce a poster aplaining a food web; participate in a class presentation that demonstrates
how roles are filled by different organisms in differentobd webs.

e Students research an animal from a local environment;xamine internal and external structure reproductive
patterns, relationships to other organismsand related animals found in other global environments

-:. Standards Cross-References

i

National Science Education Standards

Millions o species o animals, plants, and microorganisms
are alive today. Although different species might look
dissimilar, the unity among organisms becomes apparent
from an analysis of internal structures the similarity d
their chemical processes and the evidence ¢ common
ancestry. (Page 158)

Benchmarks

One of the most general distinctions among organisms is
between plants which use sunlight to male their own Hod,
and animals, which consume energy-richdods. Some kinds
of organisms, many of them microscopi¢ can not be neatly
classified as either plants or animals (Page 104)

Animals and plants have a great variety 6 body plans and
internal structures that contribute to their being able to
make or find food and reproduce (Page 104)

Similarities among organisms are dund in internal

anatomical features which can be used to infer the degree
of relatedness among organisms In classifying organisms

biologists consider details dinternal and external structures
to be more important than behavior or general appearance
(Page 104)

For sexually reproducing organisms a species comprises all
organisms that can mate with one another to produce fertile
offspring. (Page 104)

All organisms including the human speciesare part of and
depend on two main interconnected globaldod webs One
includes microscopic ocean plantsthe animals that feed
on them, and finally the animals that feed on those animals
The other web includes land plants the animals that feed
on them, and so forth. The cycles continue indefinitely
because organisms decompose after death to returndod
material to the environment. (Rge 104)
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Alaska Science
Key Element A13

A student who meets the content standard should understand the theoryf matural
selection as an eplanation for evidence d changes in life brms over time (Evolution

and Natural Selectioni.

Performance Standard Level 3, Ages 11-14

Students use inbrmation found in the ssil record to provide evidencedr the history d Earth and its changing life érms.

..

. Sample Assessment ldeas

e Students use sets d cards with preprinted inbrmation relating to bssils and geologic eventsto organize
a time line

e Students describe how a variety 6 organisms (including plants animals, and insects) become bssils;
examine how fossil evidence gives indfrmation about organisms

Expanded Sample Assessment Idea

e Students use a set d fossilized footprints to conjecture what might have occurred; compare result gheir
speculations

Procedure Level of Performance
Students will: Stage 4  Student work shows «tensive evidence @
1. Analyze a set of fossilized tracls; use the available | v == knowledge regarding éssil tracks and animal
evidence to reconstruct a series bevents behavior. Explanations are complete correct, and

give several different, yet defensiblg
explanations regarding what took place in the
footprint puzzle

2. As a class, discuss alternative eplanations;
differentiate between evidence and inference

3. Design their own botprint puzzle; give it to another

group to analyze Stage 3  Student work shows evidence & knowledge

- regarding ssil tracls and animal behavior

4. Diagram footprint evidence that could lead to several : Explanations are completg but minor errors may
different, yet defensible explanations regarding the be present, or a limited eplanation is given br
specific event that took place involving the two or what took place in the botprint puzzle

more people or animals from the puzzle Stage 2 Student work shows limited evidence b

5. Students participate in a mock scientific conference in - knowledge regarding 6ssil tracls. Explanations
which they defend their best gplanation for what - are incomplete and may contain significant
happened after studying the ®ssil footprint puzzle errors.

Stage 1  Student work shows little or no evidence o

Reflection and Revision : : :
=== knowledge and regarding @ssil tracls and major
Explain the strengths and weaknesses beach explanation. misconceptions are evident.
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National Science Education Standards

Biological evolution accounts dr the diversity & species
developed through gradual processes over many generations
Species acquire many d their unique characteristics through
biological adaptation, which involves the selection fo
naturally occurring variations in populationsBiological
adaptations include changes in structures behaviors, or
physiology that enhance survival and reproductive success|
in a particular environment. (Rge 158)

Extinction d a species occurs when the environment
changes and the adaptive characteristics Da species are
insufficient to allow its survival. Fossils indicate that many
organisms that lived long ago are gtinct. Extinction &
species is common; most & the species that have lived on

the Earth no longer «ist. (Page 158)
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%, Standards Cross-References
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Benchmarks

Small differences between parents and #fspring can
accumulate (through selective breeding) in successive
generations so that descendants are very different from
their ancestors (Page 124)

Individual organisms with certain traits are more Iy than
others to survive and have dfspring. Changes in
environmental conditions can affect the survival o
individual organisms and entire species(Page 124)

Many thousands o layers of sedimentary rock provide
evidence br the long history ¢ the Earth and for the long
history d changing life brms whose remains are bund in
the rocks. More recently deposited rock layers are more
likely to contain bssils resembling isting species (Page
124)



Alaska Science
Key Element Al4a

A student who meets the content standard should understand the interdependence between
living things and their environments (Interdependence).

Performance Standard Level 3, Ages 11-14

Students classify living organisms based on their position and function in a comgldood web.

% Sample Assessment Ideas

e Students discuss the short-term and long-term consequences semoving a specific organism from a dod
web.

e Students describe the relationship bbacteria and plants in the nitrogen cycle

Expanded Sample Assessment Idea

e Students report on a predatory animal in their local area; determine which other predators are in direct
competition br food.

Procedure human consumption when one 6od animal is no longer
available? Why are some predators no longerdund in their
original area or in our community?

Students will:
1. Choose an animal to study.
2. Make observations do library and Internet research, Level of Performance

contact state park agencies ér information, and discus_s Stage 4  Student work is complete and shows evidence
their assignments with knowledgeable Elders; determine | of clear and logical reasoning. Student conducts
what prey animals these predators eat, and how much | = - thorough investigation & an animal and

territory is required to support each predator produces a detailed bod web that includes
3. Identify inter-species and intra-species predators in organisms from all trophic levels 6 the food

direct competition with one anotherdr food. chain. Student correctly identifies predators in
4. llustrate and describe the 6od chain o the animal. direct competition with one another andxplains

. how these animals avoid direct competition.
Producg a class poster W_rltten, or oral class report. Student work shows etensive evidence 6
(The list of prgdators In an area could b_ecome transfer and extension d knowledge in a detailed
unmanageable |f_|ns_ects are included. é’a(?hers will have discussion o how an organisms change affects
to set some limits on types & animals under the food weh.

consideration.) s 3 stud « sh i 6 logical
. . . tage tudent work shows evidence ogica
6. Compare and classify the animals in the éod web reasoning, but may contain minor errors or

according to the level they occupy in theobd chain. == omissions Student conducts an investigation

of an animal and produces a od web that

Reflection and Revision includes organisms from all trophic levels othe

Describe the changes that would occur if one predator or food chain. Student correctly identifies predators
one prey were removed from this area? How would other in direct competition with one another and
organisms in the bod chain be affected? What happens to explains how two d these animals avoid direct
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competition. Student work shows evidence fo
transfer and extension of knowledge in a
discussion d how an organisms change affects
the food weh.

Stage 2 Student work may be incomplete or contain
- errors of science fct and reasoning. Student
conducts an investigation & an animal and

produces a simple bod chain. Student may
identify another animal that competes dr food
or other resources Student work shows limited
evidence d transfer and extension d knowledge

Stage 1  Student work is largely incompletg and may
==  contain major misconceptions regarding an
animal and its needs or comple food chain.

National Science Education Standards

Living systems at all levels 6 organization demonstrate
the complementary nature d structure and function.
Important levels d organization r structure and function
include cells organs, tissues, organ systems whole
organisms, and ecosystems (Page 156)

Populations of organisms can be categorized by the function
they serve in an ecosystem. Plants and some microorganisms
are producers—they male their own od. All animals
including humans are consumers which obtain bod by
eating other organisms Decomposers primarily bacteria
and fungi, are consumers that use waste materials and dead
organisms for food. Food webs identify the relationships
among producers consumers, and decomposers in an
ecosystem. (Page 157)

The number of organisms an ecosystem can support depends
on the resources available and abiotic dctors, such as
quantity of light and water range of temperatures and soil
composition. Given adequate biotic and abiotic resources
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2. Standards Cross-References

and no disease or predators populations (including humans)
increase at rapid rates Lack of resources and other &ctors,
such as predation and climate limit the growth d
populations in specific niches in the ecosystem. @je 158)

Benchmarks

In all environments-freshwater marine, forest, desert,

grassland, mountain and others-organisms with similar
needs may compete with one another ér resources

including ©od, space, water, air, and shelter In any

particular environment, the growth and survivalfoorganisms

depend on the physical condition. (Bge 117)

Two types o organisms may interact with one another in
several ways: They may be in a producer/consumerpredator/
prey, or parasite/host relationship. Or one organism may
scavenge or decompose another Relationships may be
competitive or mutually beneficial. Some species have
become so adapted to each other that neither could survive
without the other (Page 117)



Alaska Science
Key Element Al14b

A student who meets the content standard should understand that the living environment
consists d individuals populations and communities (Interdependence).

Performance Standard Level 3, Ages 11-14

Students describe the interactions bindividuals within a population.

<&
% Sample Assessment Ideas

e Students investigate moose caribou, or deer hunting regulations in the state foAlaska; determine how
the state defines hunting areas the restrictions in each area, and why the state agencies regulate different
sections d the state as they do; compare state regulations to traditional co-management practices

e Students identify the perfrmance characteristics 6 the alpha female and other members & a wolf pack.

Expanded Sample Assessment Ideas

e Students estimate the number & individuals d a species in a well-defined area, using common biological
methods of counting and ectrapolation.

Procedure describes an extrapolation method to cover
across a greater region and discusses methods

Students will: )
to improve the accuracy ¢ the data.

1. Visit a local habitat to observe quantifiable wildlife

(for example, mussels on a beach, slugs in a plot). Stage 3  Student work shows evidence blogical reasoning

== pbut may contain minor errors or omissions

- . - - - .

2. Measure and mark df an area in which to count the == Student perbrms a careful count d individuals
number of organisms o a particular species using standard techniques and correctly
Extrapolate their count to the area 6 the habitat. extrapolates to the entire area under

4. Compare and combine class results consideration.

i o Stage 2 Student work may be incomplete or contain
Reflection and Revision - errors of science fact and reasoning. Student

Are there variations within the class? What would improve performs a count of individuals and may

the accuracy d the count? How could you determine the extrapolate to a larger area.
population for a larger region, br example, the state of Stage 1  Student work may perbrm a cursory count d
Alaska? What limits the number ¢ organisms? === individuals but work is largely incompletemay
contain major misconceptions and show little

Level of Performance evidence d understanding.

Stage 4  Student work is complete and shows evidence
=== -« Of lOgical reasoning. Student perdrms a careful,
well-documented count & individuals using
standard techniques and correctly etrapolates
to the entire area under consideration. Student
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National Science Education Standards

A population consists @ all individuals d a species that
occur together at a given place and timeAll populations
living together and the physical dctors with which they
interact compose an ecosystem. (Rge 157)

Populations of organisms can be categorized by the function
they serve in an ecosystem. Plants and some microorganisms
are producers-they male their own fod. All animals,
including humans are consumers which obtain bod by
eating other organisms Decomposers primarily bacteria
and fungi, are consumers that use waste materials and dead
organisms for food. Food webs identify the relationships
among producers consumers, and decomposers in an
ecosystem. (Page 157)

L3-42

.. Standards Cross-References

Benchmarks

All organisms including the human speciesare part of and

depend on two main interconnected globaldod webs. One

includes microscopic ocean plantsthe animals that feed

on them, and finally the animals that feed on those animals
The other web includes land plants the animals that feed

on them, and so forth. The cycles continue indefinitely
because organisms decompose after death to returndod

material to the environment. (Rge 104)

Two types df organisms may interact with one another in
several ways: They may be in a producer/consumegmpredator/
prey, or parasite/host relationship. Or one organism may
scavenge or decompose another Relationships may be
competitive or mutually beneficial. Some species have
become so adapted to each other that neither could survive
without the other (Page 117)



Alaska Science
Key Element Al4c

A student who meets the content standard should understand that a small change in a
portion o an environment may affect the entire environment (Interdependence).

Performance Standard Level 3, Ages 11-14

Students predict how a shortage or xcess of resources affects organisms in higher trophic levels

<&
% Sample Assessment Ideas

e Students examine how a single change in a 6od web effects all the plants and animals in thatdod web.

Expanded Sample Assessment Ideas

e Students investigate an animak food preferences under ideal conditions and difficult conditions

Procedure Level of Performance

Students will: Stage 4  Student work is complete and shows evidence
of logical reasoning. Student report includes a
thorough investigation & the animals’ food

needs, eating habits and ability to adapt to new
or stressful environmental conditions

1. Form small groups; each member will choose a| o= =
component d a food weh.

2. Investigate an animals food preferences under ideal
and difficult conditions

. . . . . Stage 3  Student work shows evidence logical reasoning
3. Rank the animals according to their potential to survive

=== but may contain minor errors or omissions

harsh conditions or adapt to a new habitat. 3=  Student report includes an investigation bthe

4. Report findings to the class animals’ food needs eating habits and ability

. . . to adapt to new or stressful environmental
Reflection and Revision conditions

What would happen if there was an abundance 6 food Stage 2  Student report may include the eating habits b

available? - the animal, but may be incomplete and contain

errors of science fact and reasoning.

Stage 1  Student report is incomplete and may contain
== Major misconceptions

Standards Cross-References

National Science Education Standards Behavioral response is a set 6 actions determined in part

Behavior is one kind @ response an organism can male to by heredity and in part from eperience (Page 157)

an internal or environmental stimulusA behavioral response An organisms behavior evolves through adaptation to its
requires coordination and communication at many levels environment. How a species moves obtains food,
including cells organ systems and whole organisms reproduces and responds to danger are based in the species’

evolutionary history. (Rge 157)
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The number of organisms an ecosystem can support depends
on the resources available and abiotic dctors, such as
quantity of light and water range of temperatures and soil
composition. Given adequate biotic and abiotic resources
and no disease or predators populations (including humans)
increase at rapid rates Lack of resources and other &ctors,
such as predation and climate limit the growth d
populations in specific niches in the ecosystem. @ye 158)

Benchmarks

In all environments-freshwater marine, forest, desert,

grassland, mountain and others-organisms with similar
needs may compete with one another ér resources

including bod, space water, air, and shelter In any

particular environment, the growth and survivalfoorganisms

depend on the physical condition. (Bge 117)

Climates have sometimes changed abruptly in the past as a
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result of changes in the Earth$ crust, such as volcanic
eruptions or impacts d huge roclks from space. Even
relatively small changes in atmospheric or ocean content
can have widespread effects on climate if the change lasts
long enough. (Page 69)

Fresh water, limited in supply is essential or life and also
for most industrial processesRivers, lakes, and groundwater
can be depleted or polluted, becoming unavailable or
unsuitable for life. (Page 69)

The benefits d the Earth’s resources-such as fresh water
air, soil, and trees-can be reduced by using them wastefully
or by deliberately or inadvertently destroying them. The
atmosphere and the oceans have a limited capacity to absorb
wastes and recycle materials naturally. Cleaning up polluted
air, water, or soil or restoring depleted soil,drests, or fishing
grounds can be very difficult and costly. (2ge 69)



Alaska Science
Key Element A15

A student who meets the content standard should use science to understand and describe
the local environment (Local Knowledge).

Performance Standard Level 3, Ages 11-14

Students conduct research to learn how the local environment is used by a varietyf competing interests including local
plant and animal populations individual fimilies, the local community and outside sources such as oil and mining companigs
hunting groups and tourists

"

E Sample Assessment Ideas

e Students tale a field trip to a local beaver pond; note evidencefaanimals, types of plant life, types of fish,
soil conditions and so on; predict what might happen to the stream habitat if beavers move in.

Expanded Sample Assessment Idea

e Students develop a model plan to maximize the benefits and minimize the negatived ananaging local
fish or wildlife

Procedure includes several visual aids
Students will: Stage 3 Student work is based on research that includes
1. Brainstorm a list d local fish and wildlife resources - interviews and multiple sources and shows

-==== evidence d logical reasoning but may contain

2. Select small groups to research different resources on minor errors or omissions Plan to manage local

the list. fish or wildlife is balanced and taks into
3. Research local, traditional, and regulated methods consideration traditional stories and local
management. history. Presentation is organized, interesting,
4. Prepare a plan that maximizes the benefits and informative, and includes at least one visual aid.
minimizes the negatives & managing the local fish or Stage 2 Student work is limited in scope and baaround
wildlife -=== information, may be incomplete or contain errors
5. Present the plan to the class using visual aids =+ of science fct and reasoning. Presentation lack
organization and the visual aid, if present, is
Reflection and Revision not used effectively or does not contain relevant
What is the best part d each plan? How can the plans be information.
compiled into one comprehensive plan? Stage 1  Student work is largely incompletg incorrect,
=== shows little evidence © understanding, contains
Level of Performance misconceptions and plan is not based on

. . research, tradition, or local history.
Stage 4  Student work is complete is based on thorough y

e research that includes in-depth interviews and
multiple sources and shows evidence & logical
reasoning. Plan to manage local fish or wildlife
is balanced and takes into consideration
traditional stories and local history. Presentation
is well organized, interesting, irfrmative, and
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National Science Education Standards

All organisms cause changes in the environment where they|
live. Some of these changes are detrimental to the organism
or other organisms whereas others are beneficial. (Rge
129)

Soils have properties @ color and texture, capacity to retain
water, and ability to support the growth & many kinds of
plants, including those in our éod supply. (Page 134)

The surface of the Earth changes Some changes are due to
slow processes such as erosion and weathering, and some
changes are due to rapid processes such as landslides

volcanic eruptions and earthquakes. (Page 134)

Some environmental changes occur slowlyand others occur
rapidly. Students should understand the different
consequences d changing environments in small increments
over long periods as compared with changing environments
in large increments over short periods(Page 140)

A population consists ¢ all individuals d a species that
occur together at a given place and timeAll populations
living together and the physical dctors with which they
interact compose an ecosystem. (Rge 157)
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5

Benchmarks

Waves, wind, water, and ice shape and reshape the Earths

land surface by eroding rock and soil in some areas and
depositing them in other areas sometimes in seasonal
layers. (Page 72)

Rock is composed d different combinations ¢ minerals.
Smaller rocks come from the brealkage and weathering d
bedrock and larger rock. Soil is made partly from weathered
rock, partly from plant remains—and contains many living
organisms. (Page 72)

A great variety d kinds of living things can be sorted into
groups in many ways using various features to decide which
things belong to which group. (Bge 103)

For any particular environment, some kinds bplants and
animals survive well, some survive less well, and some
cannot survive at all. (Rage 116)

Insects and various other organisms depend on dead plant
and animal material for food. (Page 116)

Organisms interact with one another in various ways besides
providing bod. Many plants depend on animals ér carrying
their pollen to other plants or dr dispersing their seeds
(Page 116)

Changes in an organism$ habitat are sometimes beneficial
to it and sometimes harmful. (Rage 116)

Most microorganisms do not cause diseaseand many are
beneficial. (Page 116)



Alaska Science
Key Element A16

A student who meets the content standard should understand basic concepts about the
Theory of Relativity which changed the view & the universe by uniting matter and
energy and by linking time with space (Relativity).

Performance Standard Level 3, Ages 11-14

Students describe how objects in one moving reference frame are perceived in reference to another moving reference frame
(classical relativity)

Expanded Sample Assessment Idea

e Students examine relative motion and frames & reference

Procedure Stage 3  Student work shows evidence & logical
Students will: =+ reasoning, as Well as some transfgr (] k_nowledge
) ) ) . - t0 new situations but may contain minor errors
1. Imagine traveling on one snowmobile and your friend or omissions The work includes drawings
is on another; both vehicles are traveling at the same explanations and the evidence used to support
speed. (OR two boats on the river or ocean if this is the conclusions made about the relative motion
more appropriate br the location and time & year.) of the second vehicle under most conditions
2. Describe how your friend appears to be traveling if Stage 2 Student work may show evidence 6 skilled
his/her snowmobile is travelling in the opposite - artisanship, but may be incomplete or show
direction you; in the same direction alongside you; at == avidence & errors and misconceptions about
an angle coming towards you. relative motion and frames d reference
3. Explain your answers using words and drawings Drawings and explanations may lack evidence
i o and may incorrectly describe the motion Dthe
Reflection and Revision second vehicle
What evidence do you have in each dthe above cases that Stage 1  Student work is mostly incomplete and shows
the snowmobiles really are travelling at the same speed? - evidence d major misconceptions regarding
Explain. relative motion and frames d reference

Would your answer to the last question be different if you
were travelling in a “white out” condition (but could still
just see the other snowmobile)? Why or why not?

Levels of Performance

Stage 4  Student work is complete correct and shows
- evidence d logical reasoning, g(tens_ion and

transfer of knowledge to new situations The
work includes drawings explanations and the
evidence used to support the conclusions made
about the relative motion & the second vehicle
under all three conditions and under “white out”
environmental conditions
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Standards Cross-References

National Science Education Standards
NA

Benchmarks

Many predictions from Einsteirs Theory of Relativity have
been confirmed on both atomic and astronomical scales
Still, the search continues ér an even more powerful theory
of the architecture d the universe (Page 245)

Models are dften used to think about processes that happen
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too slowly too quickly or on too small a scale to observe
directly or that are too vast to be changed deliberatelyor
that are potentially dangerous (Page 269)

Different models can be used to represent the same thing.
What kind of a model to use and how comple it should be
depends on its purpose The usefulness d a model may be
limited if it is too simple or if it is needlessly complicated.
Choosing a useful model is one & the instances in which
intuition and creativity come into play in scienge
mathematics, and engineering. (Rage 269)



A student Should possess and understand th€ skills of
scientific inquiry.






Alaska Science
Key Element B1

A student who meets the content standard should use the processesf gcience; these
processes include observing, classifying, measuring, interpreting data, inferring,
communicating, controlling variables developing models and theories hypothesizing,
predicting, and &perimenting.

Performance Standard Level 3, Ages 11-14

Students hypothesize make qualitative and quantitative observations control experimental variables interpret data; and
use this information to explain everyday phenomena and malk predictions

]

?;1 Sample Assessment ldeas

e Students predict date @ ice break-up on the river or ocean based on qualitative and quantitative observations
of temperature, ice thickness rate of run-off, and wind factors.

e Students identify the variables involved in local erosion, including water levelwave action, nature d
soil, wind, etc

Expanded Sample Assessment Idea

e Students design several boatsusing the same material, to test their own hypotheses about the relationship
between mass volume, and water displacement.

Procedure observations control o all relevant variables
and uses data to design the second boat. Boat

Students will: . :
designs are creative and elaborate

1. Design and build a boat that will move a 2 § mass

across a wading pool or large tub Use a variety o Stage 3 Student work is generally correct, completeand

appropriate. It includes evidence-based

materials. .
. . . . - hypothesis accurate measurements and

2. Test the design. Review results and repeat with a design —_— observations control o all relevant variables

change. and uses data to design the boat. Boat designs
3. Keep a daily log during the construction and testing. are functional.

Include observations measurements, predictions data Stage 2 Student's hypothesis is reasonable some

collection, and controlled variables variables are controlled, measurements and
4. Explain relationships ¢ design differences and ability === Observations are generally accuratg though

ol

to hold increased mass there may be flaws Boat designs show some
use of the data collected.

Reflection and Revision Stage 1  Student shows little or no ability to complete

Compare boat designs with other groups and suggest the task. The hypothesis is not relevant.
changes to their boat designs - Variables are not identified or controlled.
Observations are mostly flawed. Boat designs

Level of Performance are not functional.

Stage 4 Student work is correct, completg and
- e« appropriate. It includes evidence-based
i i .

hypothesis, accurate measurements and
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National Science Education Standards

Use appropriate tools and techniques to gather, analyze,
and interpret data. The use of tools and techniques
including mathematics will be guided by the question askd
and the investigations students design. The usef@omputers
for the collection, summary and display o evidence is part
of this standard. Students should be able to accessgather,
store, retrieve and organize data, using hardware and
software designed br these purposes (Page 145)

Develop descriptions, explanations, predictions, and

models using evidence. Students should base their
explanation on what they observed, and as they develop
cognitive skills they should be able to differentiate
explanation from description-providing causesof effects

and establishing relationships based on evidence and logica
argument. This standard requires a subject-matter knowledge
base so the students can effectively conduct investigations
because developing &planations establishes connections
between the content & science and the contats within

which students develop new knowledge(Page 145)

Think critically and logically to make the relationships
between evidence and explanations. Thinking critically
about evidence includes deciding what evidence should bd
used and accounting br anomalous data. Specifically

students should be able to review data from a simple
experiment, summarize the data, and 6rm a logical

argument about the cause-and-effect relationships in the
experiment. Students should begin to state some
explanations in terms d the relationship between two or

more variables (Page 145)
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Communicate scientific procedures and explanations.

With practice students should become competent at
communicating experimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and &planations (Page 148)

Use mathematics in all aspects of scientific inquiry.
Mathematics is essential to asking and answering questions
about the natural world. Mathematics can be used to ask
guestions; to gather organize, and present data; and to
structure convincing gplanations (Page 148)

Mathematics is important in all aspects bscientific inquiry.
(Page 148)

Technology used to gather data enhances accuracy and
allows scientists to analyze and quantify results b
investigations (Page 148)

Benchmarks

If more than one variable changes at the same time in an
experiment, the outcome & the experiment may not be

clearly attributable to any one @ the variables It may not

always be possible to prevent outside variables from
influencing the outcome & an investigation (or even to
identify all o the variables), but collaboration among
investigators can dten lead to research designs that are
able to deal with such situations (Page 12)



Alaska Science
Key Element B2

A student who meets the content standard should design and conduct scientific
investigations using appropriate instruments

Performance Standard Level 3, Ages 11-14

Students use appropriate instruments develop and design a controlled rperiment, and conduct research.

=

ﬁr_fk Sample Assessment ldeas

e Students predict which material is the best and worst conductorfcelectricity. Using a circuit board,
students design and conduct an gperiment to determine which material is the best and worst conductor

e Students investigate the variables at work during cookie baking (@., thickness d dough, location in the
oven, baking time baking temperature). Students decide what observation and measurements are appropriate
Students record data and male conclusions based on &perimental evidence

National Science Education Standards

Identify questions that can be answered through
scientific investigations. Students should develop the
ability to refine and rebcus broad and ill-defined questions
An important aspect d this ability consists & students’
ability to clarify questions and inquiries and direct them
toward objects and phenomena that can be described,
explained, or predicted by scientific investigationStudents
should develop the ability to identify their questions with
scientific ideas concepts and quantitative relationships
that guide investigation. (Rge 145)

Design and conduct a scientific investigation. Students

should develop general abilities such as systematic

observation, making accurate measurementsand identifying

and controlling variables They should also develop the
ability to clarify their ideas that are influencing and guiding
the inquiry, and to understand how those ideas compare
with current scientific knowledge Students can learn to

formulate questions design investigations execute

investigations interpret data, use evidence to generate
explanations, propose alternative &planations and critique

explanations and procedures (Page 145)

Different kinds d questions suggest different kinds 6
scientific investigations Some investigations involve
observing and describing objectsorganisms, or events;

%, Standards Cross-References

some involve collecting specimens; some involve
experiments; some involve seeking more imfmation; some
involve discovery & new objects and phenomena; and some
involve making models (Page 148)

Current scientific knowledge and understanding guide
scientific investigationsDifferent scientific domains employ
different methods core theories and standards advance

scientific knowledge and understanding. (&ge 148)

Scientific investigations sometimes result in new ideas and
phenomena for study, generate new methods or procedures
for an investigation, or develop new technologies to improve
the collection d data. All of these results can lead to new
investigations (Page 148)

Benchmarks

Scientists differ greatly in what phenomena they study and
how they go about their work. Although there is no fixl
set of steps that all scientists dllow, scientific investigations
usually involve the collection brelevant evidence the use
of logical reasoning, and the application bimagination in
devising hypotheses and gplanations to male sense of the
collected evidence (Page 12)

Be skeptical of arguments based on very small samples 6
data, biased samples or samples for which there was no
control sample (Page 299)
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Alaska Science
Key Element B3

A student who meets the content standard should understand that scientific inquiry
often involves different ways & thinking, curiosity and the exploration o multiple
paths.

Performance Standard Level 3, Ages 11-14

Students compare their work to the work bothers to identify multiple paths that can be used to investigate a particular
question.

<&
% Sample Assessment Ideas

e Students investigate and collect data about the weather and soil; compare findings with teams from
nearby communities; predict the best cropsar different locations

Expanded Sample Assessment

e Students learn about the HIV virusits biological nature various cultural contets, and how HIV is transmitted.
Students develop multiple solutions to limit transmissionfdlV and create lessons to teach another class

about HIV.
Procedure Level of Performance
Students will: Stage 4  Student work is complete correct, and shows
1. Create a lesson they will present to another class that| e <%=  evidence d elaboration and etension. Student
discusses the HIV virus its effects transmission, and participates in class discussion and &fers
how to potentially limit its spread in an infectious insightful eamination of their work and the work
situation. The lesson should include the relative pros of others
and cons o each method by which the infection could Stage 3 Student work is generally complete and correct.
be limited. - Student participates in class discussion though
2. Each group presents its lesson to the restfothe class — there may be evidence & misconception in their
. . . own work or misunderstanding & the work dof
Discuss and review each grou presentation. Develop others

a lesson plan that contains some aspect beach group ) ) )
lesson. Stage 2 Student work is on topic but lack detail. Student

I may participate in class discussion in a limited
way and show evidence d& misconceptions and
misunderstandings

Reflection and Revision

Evaluate the newly developed lesson plan in terms o T o
completeness and depth 6 knowledge Stage 1  Student participation in all aspects b activity
== 1S minimal and shows little or no evidence ©

relevant knowledge or understanding.
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National Science Education Standards

Recognize and analyze alternative explanations and
predictions. Students should develop the ability to listen
and to respect the eplanations proposed by other students
They should remain open to and acknowledge different ideas
and explanations be able to accept the slepticism o others,
and consider alternative aplanations (Page 148)

Communicate scientific procedures and explanations.

With practice students should become competent at
communicating experimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and eplanations (Page 148)

Scientific investigations sometimes result in new ideas and

phenomena for study, generate new methods or procedures

for an investigation, or develop new technologies to improve

the collection & data. All of these results can lead to new
investigations (Page 148)
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Benchmarks

Know that hypotheses are valuable even if they turn out
not to be trug if they lead to fruitful investigations
(Page 287)

Know that often different explanations can be given 6r
the same evidence and it is not always possible to tell
which one is correct. (Rge 287)

Be aware that there may be more than one good way to
interpret a given set @ findings (Page 299)



Alaska Science
Key Element B4

A student who meets the content standard should understand that personal integrity
skepticism, openness to new ideas creativity collaborative efbrt, and logical reasoning
are all aspects o scientific inquiry.

Performance Standard Level 3, Ages 11-14

Students design an &periment through a collaborative processdescribing individual ways to answer the question befe

coming to group consensus on the bestxperimental design.

"

E Sample Assessment Ideas

e Students set criteria by which to design, build and test various shelters that protect from the cold.

e Students develop an &periment to test the heat conductivity fowet and dry socls.

2. Standards Cross-References

i

National Science Education Standards

Think critically and logically to make the relationships
between evidence and explanations. Thinking critically
about evidence includes deciding what evidence should be
used and accounting br anomalous data. Specifically
students should be able to review data from a simple
experiment, summarize the data, and 6rm a logical
argument about the cause-and-effect relationships in the
experiment. Students should begin to state some
explanations in terms d the relationship between two or
more variables (Page 145)

Communicate scientific procedures and explanations.

With practice students should become competent at
communicating experimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and eplanations (Page 148)

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Science advances through legitimate sipticism. Asking
questions and querying other scientists’xplanations is part
of scientific inquiry. Scientists evaluate the xplanations

proposed by other scientists by gamining evidence
comparing evidence identifying fulty reasoning, pointing
out statements that go beyond the evidengeand suggesting
alternative explanations for the same observations (Page
148)

Science requires different abilities depending on such
factors as the field d study and type d inquiry. Science is
very much a human endeavor and the work d science relies
on basic human qualities such as reasoning, insight, energy
skill, and creativity as well as on scientific habits & mind,
such as intellectual honesty tolerance of ambiguity,
skepticism, and openness to new ideas (Page 170)

It is part of scientific inquiry to evaluate the results ©
scientific investigations experiments, observations
theoretical models and the explanations proposed by other
scientists Evaluation includes reviewing the eperimental
procedures examining the evidence identifying fulty
reasoning, pointing out statements that go beyond the
evidence and suggesting alternative &planations fr the
same observations Although scientists may disagree about
explanations o phenomena, about interpretations 6 data,
or about the value d rival theories they do agree that
guestioning, response to criticism, and open communication
are integral to the process fscience As scientific knowledge
evolves major disagreements are eventually resolved
through such interactions between scientists(Page 171)
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Benchmarks

Know that often different explanations can be given ér
the same evidence and it is not always possible to tell
which one is correct. (Rge 287)
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Alaska Science
Key Element B5

A student who meets the content standard should employ ethical standardincluding
unbiased data collection and &ctual reporting d results.

Performance Standard Level 3, Ages 11-14

Students practice fictual recording d experimental results and unbiased data collection.

.

=

E Sample Assessment Ideas

e Students collect data to determine whether eighth graders or seventh graders are better able to remember
strings d random numbers. Discuss possible sources 6 bias in data interpretation. Discuss how bias
influences the way the &periment was designed, conducted or interpreted.

e Students collect data on which lure is the bestar Coho salmon. Discuss possible sources bbias in data
interpretation. Discuss how bias influences the way thexperiment was designed, conducted or interpreted.

Expanded Sample Assessment Idea

e Students measure the lung capacity 6 boys and girls

Procedure Level of Performance
Students will: Stage 4  Student work is complete correct and shows
1. Work in teams so that boys measure lung capacity b | T = evidence d elaboration and etension. Student
boys; boys measure lung capacity 6 girls; girls measure work includes methods to ensure unbiased data
lung capacity df boys, and girls measure lung capacity collection and fictual reporting ¢ data.
of girls.

2. Measure individual lung capacity and determine the Stage 3 Student Wor_k 1S gene_rally complete an_d correct
= but shows limited evidence 6 elaboration and

average lung capacity by s&. (“Bubbleology” texts are . ; ..
an exgellengres%urcgﬁzlthis() 9y : extension. Student work includes limited

methods to address the challenges b unbiased

3. Combine class data and discuss whether data collection data collection and fctual reporting d data.

was unbiased and factually reported. Discuss reasons

for the four different types ¢ teams. Stage 2 Student work may be incomplete or incorrect

=== and shows limited evidence 6 ability to address

Reflection and Revision the challenges d unbiased data collection or
factual reporting data.

Recommend ways to ensure that data collection is unbiased

and factually reported. Stage 1  Student work is mostly incomplete and incorrect

- and may show evidence d biased data collection
or non-factual reporting ¢ data.
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National Science Education Standards

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Science advances through legitimate sipticism. Asking
questions and querying other scientists’xplanations is part
of scientific inquiry. Scientists evaluate the xplanations
proposed by other scientists by gamining evidence
comparing evidence identifying fulty reasoning, pointing
out statements that go beyond the evidenceand suggesting
alternative explanations for the same observations (Page
148)

Benchmarks

What people expect to observe dten affects what they
actually do observe Strong belieg about what should
happen in particular circumstances can prevent them from
detecting other results Scientists know about this danger
to objectivity and tale steps to try and avoid it when
designing investigations and gamining data. One safeguard
is to have different investigators conduct independent
studies of the same questions (Page 12)

In research involving human subjectsthe ethics d science

require that potential subjects be fully irdrmed about the
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risks and benefits associated with the research and btheir
right to refuse to participate Science ethics also demand
that scientists must not knowingly subject cowoeks,
students, the neighborhood, or the community to health
or property risls without their prior knowledge and consent.
Because animals cannot male informed choices special care
must be taken in using them in scientific research. (®ge
17)

Know why it is important in science to éep honest, clear
and accurate records (Page 287)

Question claims based on vague attributions (such as
“Leading doctors say . . .”) or on statements made by
celebrities or others outside the area b their particular
expertise (Page 299)

Be skeptical of arguments based on very small samples 6
data, biased samples or samples for which there was no
control sample (Page 299)

Be aware that there may be more than one good way to
interpret a given set @ findings (Page 299)

Notice and criticize the reasoning in arguments in which
(1) fact and opinion are intermingled or the conclusions
do not follow logically from the evidence given, (2) an
analogy is not apt, (3) no mention is made d whether the

control groups are very much li& the experimental group,

or (4) all members of a group (such as teenagers or chemists)

are implied to have nearly identical characteristics that
differ from those d other groups (Page 299)



Alaska Science
Key Element B6

A student who meets the content standard should employ strict adherence to safety
procedures in conducting scientific investigations

Performance Standard Level 3, Ages 11-14

Students examine laboratory and community safety proceduresidentify how an individual affects the safety bthe group,

and practice safe behavior in the classroom and laboratory.

% Sample Assessment Ideas

e Students in groups d three to five produce a short video ba mock experiment that lacls safety procedures
Videos are exchanged with another group who identifies the unsafe procedures and writes up the lab with

the appropriate safety procedures included.

e Students produce a list ¢ safety practices observed in a local industrial setting.

Expanded Sample Assessment Idea

e Students design safety procedures dr a hypothetical gas station.

Procedure
Students will:

1. Review safe practices concerning taic and volatile
substances

2. Draw up a plan detailing how gasoline will be unloaded,
stored, and sold. The plan must include emergency
response provisions &r spills and accidents

3. Post their plan for class review and male
recommendations to others’ plans

Reflection and Revision

Incorporate safety improvements recommended by
classmates and redraw the plan.

Level of Performance

Stage 4  Student work is complete correct, and shows
o - evidence d elaboration, extension, higher-order
thinking skills and relevant knowledge Students
make appropriate revision to their own work and
recommends appropriate changes to the work
of others.

Stage 3

.
oy
i

Stage 2

Stage 1

Student work is generally complete though it
may contain minor inaccuracies in the relevant
knowledge The work shows limited evidence b
elaboration, ectension or higher-order thinking
skills. Students make some revision to their own
work or recommend changes to the work b
others.

Student work is incomplete inappropriate or
incorrect. Revision to their own work or
recommendation about the work & others, if

included, is minor and insignificant.

Student work may be on topi¢ but does not
address the question ¢ community safety in a
meaningful way. Student does not revise work
or review the work ¢ others.
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National Science Education Standards

The potential br accidents and the &istence d hazards
imposes the need br injury prevention. Safe living involves
the development and use ¢ safety precautions and the
recognition d risk in personal and social dimensions(Page
168)

Risk analysis considers the type © hazard and estimates
the number d people that might be &posed and the number
likely to suffer consequences The results are used to
determine the options 6r reducing or eliminating risk
(Page 169)
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Individuals can use a systematic approach to thinking
critically about risks and benefits Examples include applying
probability estimates to risk and comparing them to
estimated personal and social benefits (Page 169)

Important personal and social decisions are made based on
perceptions d benefits and risk. (Page 169)

Benchmarks

One common aspect d all social trade-dfs pits personal
benefit and the rights d the individual, on one side against
the social good and the rights 6 society, on the other
(Page 166)









scientific community.

Alaska Science
Key Element C1

A student who meets the content standard should know how the words &ft,”
“observation,” “concept,

principle” “law,” and “theory” are generally used in the

Performance Standard Level 3, Ages 11-14

Students will male and record observations and be able to link those observations to known scientific conceppsinciples

and laws.

-
% Sample Assessment ldeas

e Students observe the mass and volume b a variety of objects are related to the density bthe objects

e Students observe the relationship between the lengthfathe pendulum, length & its swing, the mass on
its end, and the frequency ¢ the pendulum swing.

National Science Education Standards

Communicate scientific procedures and explanations.

With practice students should become competent at
communicating experimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and &planations (Page 148)

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Scientists brmulate and test their explanations d nature

+“.,  Standards Cross-References

using observation, eperiments and theoretical and
mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in science there is much
experimental and observational confirmation. Those ideas
are not lilely to change greatly in the future Scientists do
and have changed their ideas about nature when they
encounter new &perimental evidence that does not match
their existing explanations (Page 171)

Benchmarks

Know that hypotheses are valuable even if they turn out
not to be true if they lead to fruitful investigations(Page
287)
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Alaska Science
Key Element C2

A student who meets the content standard should understand that scientific knowledge
is validated by repeated specific gperiments that conclude in similar results

Performance Standard Level 3, Ages 11-14

Students conduct a series & experiments to demonstrate the reproducibility foscientific phenomena.

% Sample Assessment ldeas

e Students chart the time the moon risesdr two months; identify the pattern.

e Students research the decline & waterfowl in Alaska; identify which «planations are corroborated by

similar data from other sites

2., Standards Cross-References

National Science Education Standards

Communicate scientific procedures and explanations.

With practice students should become competent at
communicating eperimental methods following
instructions describing observations summarizing the
results of other groups and telling other students about
investigations and planations (Page 148)

Science advances through legitimate sipticism. Asking
questions and querying other scientists’xplanations is part
of scientific inquiry. Scientists evaluate the xplanations
proposed by other scientists by gamining evidence
comparing evidence identifying fulty reasoning, pointing
out statements that go beyond evidenceand suggesting
alternative explanations for the same observations (Page
148)

Scientific investigations sometimes result in new ideas and
phenomena for study, generate new methods on procedures
for an investigation, or develop new technologies to improve

the collection & data. All of these results can lead to new
investigations (Page 148)

Benchmarks

Know why it is important in science to éep honest, clear
and accurate records (Page 287)

When similar investigations give different resulfsthe
scientific challenge is to judge whether the differences are
trivial or significant, and it taks often further studies to
decide Even with similar results scientists may wait until
an investigation has been repeated many times befre
accepting the results as correct. (Bge 7)

Accurate record-lkeeping, openness and replication are
essential for maintaining an investigatos credibility with
other scientists and society. (Bge 18)
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Alaska Science
Key Element C3

A student who meets the content standard should understand that socigtgulture,
history, and environment affect the development bscientific knowledge

Performance Standard Level 3, Ages 11-14

Students describe how the local societyculture, history, and environment have affected the development foscientific

knowledge

1 Sample Assessment ldeas

e Students review epidemiological studies fodifferent dietary practices (eg., use of fats or salts, cholesterol
intake); compare the data to local health issues

e Students investigate a current “hot topic” (., game management, noise pollution and marine lifeburn
areas, seismic studies endangered species etc.); investigate the native oral histories related to the same

topic.

National Science Education Standards

Many different people in different cultures have made and
continue to male contributions to science and technology.
(Page 166)

Science and technology are reciprocal. Science helps drive
technology as it addresses questions that demand more
sophisticated instruments and provides principlesf better
instrumentation and technique Technology is essential to
science because it provides instruments and techniques
that enable observations & objects and phenomena that
are otherwise unobservable due todctors such as quantity
distance location, size and speed. Technology also provides
tools for investigations inquiry, and analysis. (Page 166)

Societal challenges dten inspire questions 6r scientific
research, and social priorities ften influence research
priorities through the availability b funding for research.
(Page 169)

Societal challenges dten inspire questions br scientific
research, and social priorities ften influence research
priorities through the availability b funding for research.
(Page 169)

Science and technology have advanced through the
contributions d many different people in different cultures

-+, Standards Cross-References

at different times in history. Science and technology have
contributed enormously to economic growth and
productivity among societies and groups within societies
(Page 169)

Women and men of various social and ethnic backgrounds,
and with diverse interest, talentsqualities, and motivations
engage in the activities 6 science engineering, and related
fields such as the health prdessions. Some scientists work
in teams, and some work alone but all communicate
extensively with others (Page 170)

Many individuals have contributed to the traditions fo
science Studying some d these individuals provides further
understanding d scientific inquiry science as a human
endeavor, the nature of science and the relationships
between science and society. (Bge 171)

In historical perspective science has been practiced by
different individuals in different culturesin looking at the
history of many peoples one finds that scientist and
engineers d high achievement are considered to be among
the most valued contributors to their culture(Page 171)

L3-69



Benchmarks

Some scientific knowledge is very old and yet still applicable)l  No matter who does science and mathematics or invents
today (Page 7) things, or when or where they do it, the knowledge and
Important contributions to the advancement Dscience technology that result can eventually become available to
mathematics, and technology have been made by different everyone in the world. (Rge 17)

kinds of people, in different cultures at different times
(Page 17)
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Alaska Science
Key Element C4

A student who meets the content standard should understand that some personal and
societal belief accept non-scientific methods dr validating knowledge

Performance Standard Level 3, Ages 11-14

Students investigate the societal (non-scientific) belieffaa community regarding a natural phenomenon.

=

E Sample Assessment Ideas

e Students examine the traditional saying “If the 6g goes up on a summer morning it will be cloudy all day.
If the fog goes down, the sky will be clear all day.” Why was this saying developed ? Collect traditional
weather indicators through interviews with huntersfishers, berry piclers, etc. Analyze and explain how

these traditional indicators work.

e Students discuss different views b the origin d the universe Earth, and life; discuss how the scientific

view has changed over time

National Science Education Standards

Recognize and analyze alternative explanations and
predictions. Students should develop the ability to listen
to and respect the planations proposed by other students
They should remain open to and acknowledge different ideas
and explanations be able to accept the slepticism o others,
and consider alternative aplanations (Page 148)

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Science cannot answer all questions and technology cannot
solve all human problems or meet all human needsStudents
should understand the difference between scientific and
other questions They should appreciate what science and
technology can reasonably contribute to society and what
they cannot do. For ample, new technologies dten will
decrease some risls and increase others (Page 169)

Scientists brmulate and test their explanations d nature
using observation, periments and theoretical and

.+, Standards Cross-References

mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in science there is much
experimental and observational confirmation. Those ideas
are not lilely to change greatly in the future Scientists do
and have changed their ideas about nature when they
encounter new &perimental evidence that does not match
their existing explanations (Page 171)

In areas where active research is being pursued and in which
there is not a great deal d experimental or observational
evidence and understanding, it is normaldr scientists to
differ with one another about the interpretation fothe
evidence or theory being considered. Different scientists
might publish conflicting gperimental results or might draw
different conclusions from the same data. Ideallyscientists
acknowledge such conflict and work toward finding evidence
that will resolve their disagreement. (Bge 171)

Tracing the history d science can show how difficult it was
for scientific innovators to break through the accepted ideas
of their time to reach the conclusions that we currently
take for granted. (Page 171)
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Benchmarks of morality. Science can sometimes be used to irdrm ethical

Some matters cannot be eamined usefully in a scientific decisions by identifying the liély consequences @ particular
way. Among them are matters that by their nature cannot actions but cannot be used to establish that some action
be tested objectively and those that are essentially matters Is either moral or immoral. (Rige 7)
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Alaska Science
Key Element C5

A student who meets the content standard should understand that sharing scientific
discoveries is important to influencing individuals and society and in advancing scientific

knowledge

Performance Standard Level 3, Ages 11-14

Students work in a team to observe research, and study an issue related to their community and synthesize data derived
from multiple perspectives

.

% Sample Assessment Ideas

e Student teams test which ski wax work best under given conditions; compare results with other teams;
compare results with ski was recommended by downhill skierflympic skiers and dog sled users

e Students do Internet research on the declinefomarine mammal populations around the world and indicate
which findings might be worth investigating to determine reasonsrfdecline d stellar sea lions in the

Bering Sea.

Expanded Sample Assessment Idea

e Students research local bear-human interactions to suggest ways to decrease the numbef nteractions
and note the inbrmation they received from other communities or others’ research.

Procedure Level of Performance

Students will: Stage 4  Student clearly communicates perspectives and

1. Divide the class into groups representing particular| = == makes use of others’ perspectives to draw a
conclusion. The response is correct, complete

viewpoints (game board, state and local agencies ) ° ;
appropriate, and contains elaboration,

Elders, parents, etc.).
extension, and/or evidence & higher-order

2. Research libraries Internet, oral histories and thinking and relevant knowledge There is no
documented human-bear conflicts and resolutions evidence ¢ misconceptions Minor errors do
3. Using a forum format, discuss the issue from the not necessarily lower the score
V|ewp0|r_1ts d the b'OI.og'Sts game board, parents Stage 3 Student communicates perspectives and maés
community members kids, etc. - SOmMe use of others’ perspectives to draw a
4. As a class, identify solutions that will minimize bear- = conclusion. Student work is generally correct,
human interactions and that satisfy all o the involved complete, and appropriate although minor
groups. inaccuracies are present. There may be limited
. - evidence d elaboration, extension, higher-
Reflection and Revision order thinking, and relevant knowledge or

there may be significant evidence b these
traits, but other flaws (e.g. inaccuracies
omissions inappropriateness) are evident.

Compare solution to data collected and mak modifications
if necessary.
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Stage 2 Student communicates perspectivesbut makes
- little use of others' perspectives to draw a
conclusion. Student work, while it may contain
some elements d proficient work, is inaccurate
incomplete or inappropriate There is little if
any, evidence d elaboration, extension, higher-
order thinking, or relevant knowledgeThere may
be evidence d significant misconceptions

Stage 1  Student attempts to communicate perspectives;
- however, there is little or no mention & the
perspectives d others, nor any attempt to draw
a conclusion. Student work, although it may be
on topig fails to address the question, or it
may address the question in a very limited way.
There is no evidence @ elaboration, extension,
higher-order thinking, or relevant knowledge
There is evidence d serious misconceptions

5

National Science Education Standards

Women and men o various social and ethnic bacgrounds,
and with diverse interests talents, qualities, and
motivations engage in the activities 6 science engineering,
and related fields such as the health préessions Some
scientists work in teams and some work along but all
communicate extensively with others (Page 170)

Science requires different abilities depending on such
factors as the field d study and type d inquiry. Science is
very much a human endeavor and the work d science relies
on basic human qualities such as reasoning, insight, energy
skill, and creativity as well as on scientific habits 6 the
mind, such as intellectual honestytolerance d ambiguity;
skepticism, and openness to new ideas (Page 170)

Scientists brmulate and test their planations o nature

using observation, «periments and theoretical and

mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in science there is much

experimental and observational confirmation. Those ideas
are not likely to change greatly in the future Scientists do

and have changed their ideas about nature when they
encounter new perimental evidence that does not match
their existing explanations (Page 171)

In areas where active research is being pursued and in which
there is not a great deal ¢ experimental or observational
evidence and understanding, it is normal dr scientists to
differ with one another about the interpretation fothe
evidence or theory being considered. Different scientists

might publish conflicting gperimental results or might draw
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different conclusions from the same data. Ideallyscientists
acknowledge such conflict and work toward finding evidence
that will resolve their disagreement. (Rge 171)

It is part of scientific inquiry to evaluate the results ©
scientific investigations experiments, observations
theoretical models and the explanations proposed by other
scientists Evaluation includes reviewing the eperimental
procedures examining the evidence identifying fulty
reasoning, pointing out statements that go beyond the
evidence and suggesting alternative gplanations for the
same observations Although scientists may disagree about
explanations o phenomena, about interpretations 6 data,
or about the value d rival theories they do agree that
questioning, response to criticism, and open communication
are integral to the process fscience As scientific knowledge
evolves, major disagreements are eventually resolved
through such interactions between scientists(Page 171)

Benchmarks

Important contributions to the advancement fscience
mathematics, and technology have been made by different
kinds of people, in different cultures at different times
(Page 17)

No matter who does science and mathematics or invents
things, or when or where they do it, the knowledge and
technology that result can eventually become available to
everyone in the world. (Rge 17)

Accurate record-lkeeping, openness and replication are
essential for maintaining an investigatos credibility with
other scientists and society. (Bge 18)



Alaska Science
Key Element C6

A student who meets the content standard should understand that scientific discovery is
often a combination d an accidental happening and observation by a knowledgeable
person with an open mind.

Performance Standard Level 3, Ages 11-14

Students describe the steps in the developmentfoa widely used technology (eg., Teflon©, sticky notes nylon, penicillin,
etc.)

% Sample Assessment ldeas

e Students research a serendipitous discovery (g., Teflon©, sticky notes nylon, penicillin, Jello, eto);
write a report or create a diagram describing the discovery.

e Students discuss “new ideas” that eventually overcame dpticism (eg., plate tectonics existence o
viruses, atoms and molecules).

Standards Cross-References

National Science Education Standards Benchmarks

Recognize and analyze alternative explanations and Scientific knowledge is subject to modification as new
predictions. Students should develop the ability to listen information challenges prevailing theories and as a new
to and respect the explanations proposed by other students theory leads to looking at old observations in a new way.

They should remain open to and acknowledge different ideas (Page 7)
and explanations be able to accept the slepticism o others,
and consider alternative @planations (Page 148)

Science advances through legitimate sipticism. Asking
questions and querying other scientists’xplanations is part
of scientific inquiry. Scientists evaluate the xplanations
proposed by other scientists by gamining evidence
comparing evidence identifying fulty reasoning, pointing
out statements that go beyond evidenceand suggesting
alternative explanations for the same observations (Page
148)
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Alaska Science
Key Element C7

A student who meets the content standard should understand that major scientific
breakthroughs may link large amounts & knowledge build upon the contributions &
many scientists and cross different lines & study.

Performance Standard Level 3, Ages 11-14

Students design concept webs that show how contributions across a varietyf fields are used to produce inventions

»

E Sample Assessment Ideas

e Students research and write a short report tracing the historyfa scientific concept or invention (g.,

atomic theory telephone).

e Students discuss the scientific contributions from a varietyfdields necessary to develop technology (e.,
Global Positioning System, Alask Pipeline, Space Shuttle).

. Standards Cross-References

o
5 "

National Science Education Standards

Many different people in different cultures have made and
continue to male contributions to science and technology.
(Page 166)

Science and technology have advanced through
contributions d many different peoplg in different cultures
at different times in history. Science and technology have
contributed enormously to economic growth and
productivity among societies and groups within societies
(Page 169)

Scientists and engineers work in many different settings
including colleges and universities businesses and

industries specific research institutes and government
agencies (Page 169)

Women and men dof various social and ethnic bacgrounds-

and with diverse interests talents, qualities, and

motivations—engage in the activities b science

engineering, and related fields such as the health
professions. Some scientists work in teams and some work
alone, but all communicate etensively with others (Page

170)

Scientists brmulate and test their &planations o nature

using observation, periments and theoretical and

mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in science there is much

experimental and observational confirmation. Those ideas
are not lilely to change greatly in the future Scientists do
and have changed their ideas about nature when they
encounter new eperimental evidence that does not match
their existing explanations (Page 171)

Tracing the history d science can show how difficult it was
for scientific innovators to break through the accepted ideas
of their time to reach the conclusions that we currently
take for granted. (Page 171)

Benchmarks

Important contributions to the advancement fscience
mathematics, and technology have been made by different
kinds of people, in different cultures at different times
(Page 17)
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Alaska Science
Key Element C8

A student who meets the content standard should understand that acceptancd @ new
idea depends upon supporting evidence and that new ideas that conflict with bekedr
common sense are dten resisted.

Performance Standard Level 3, Ages 11-14

Students show how acceptance 6 a new idea depends upon supporting evidence and how new ideas that conflict with bekef

or common sense are dten resisted.

"

E Sample Assessment Ideas

e Students investigate what happens when a large varietyfounopened cans d soft drinks (different brands
diet vs. non-diet, carbonated vs non-carbonated, clear vs colored, etc) are placed in a large buclet of

water.

e Students predict and test if the speed Hemptying a bottle can be changed by holding it stationary
shaking it up and down while emptying, or by swirling it as it empties

National Science Education Standards

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Scientists brmulate and test their &planations d nature

using observation, periments and theoretical and

mathematical models Although all scientific ideas are
tentative and subject to change and improvement in
principle for most major ideas in sciencg there is much

experimental and observational confirmation. Those ideas
are not likely to change greatly in the future Scientists do

and have changed their ideas about nature when they
encounter new perimental evidence that does not match
their existing explanations (Page 171)

In areas where active research is being pursued and in which
there is not a great deal ¢ experimental or observational
evidence and understanding, it is normal dr scientists to
differ with one another about the interpretation fothe
evidence or theory being considered. Different scientists
might publish conflicting gperimental results or might draw

'-_"-~.-:~_ Standards Cross-References

different conclusions from the same data. Ideallyscientists
acknowledge such conflict and work towards finding
evidence that will resolve their disagreement. @e 171)

It is part of scientific inquiry to evaluate the results ©
scientific investigations experiments observations
theoretical models and the explanations proposed by other
scientists Evaluation includes reviewing the eperimental
procedures examining the evidence identifying fulty
reasoning, pointing out statements that go beyond the
evidence and suggesting alternative &planations fr the
same observations Although scientists might disagree about
explanations d phenomena, about interpretation & data,
or about the value d rival theories they do agree that
guestioning, response to criticism, and open communication
are integral to the scientific processAs scientific knowledge
evolves major disagreements are eventually resolved
through such interactions between scientists(Page 171)

Tracing the history d science can show how difficult it was
for scientific innovators to break through the accepted ideas
of their time to reach the conclusions that we currently
take for granted. (Page 171)

L3-79



Benchmarks

Scientific knowledge is subject to modification as new
information challenges prevailing theories and as a new
theory leads to looking at old observations in a new way.
(Page 7)

Some scientific knowledge is very old and yet is still
applicable today. (Page 7)
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Alaska Science
Key Element D1

A student who meets the content standard should apply scientific knowledge and skills
to understand issues and everyday events

Performance Standard Level 3, Ages 11-14

Students research a local problem or issue anddrm a viewpoint that is supported by scientific evidence

&

R

-

\ Sample Assessment ldeas

e Students discuss a problem such as possible causes and effectsfanuddy or dusty hiking trails and suggest
a solution that is feasible &r the community to implement.

e  Students research spruce bark beetles in their local area and assess their economiecological, and aesthetic

impact.

Standards Cross-References

National Science Education Standards

Develop descriptions, explanations, predictions, and

models using evidence. Students should base their
explanation on what they observed, and as they develop
cognitive skills they should be able to differentiate
explanation from description-providing causesof effects

and establishing relationships based on evidence and logica
argument. This standard requires a subject matter knowledge
base so the students can effectively conduct investigations
because developing &planations establishes connections
between the content & science and the contats within

which students develop new knowledge(Page 145)

Scientific explanations emphasize evidence have logically
consistent arguments and use scientific principlesmodels,
and theories The scientific community accepts and uses
such explanations until displaced by better scientific ones
When such displacement occurs science advances (Page
148)

Benchmarks

Scientists differ greatly in what phenomena they study and
how they go about their work. Although there is no fixl
set of steps that all scientists 6llow, scientific investigations
usually involve the collection brelevant evidence the use
of logical reasoning, and the application bimagination in
devising hypotheses and &planations to male sense of the
collected evidence (Page 12)
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Alaska Science
Key Element D2

A student who meets the content standard should understand that scientific innovations
may affect our economy safety, environment, health, and society and that these effects
may be short-term or long-term, positive or negatiyeand expected or unepected.

Performance Standard Level 3, Ages 11-14

Students describe the ungpected effects both positive and negative and short- and long-term,faa discovery invention, or

scientific breakthrough.

=

ﬁr_; Sample Assessment ldeas

e Students examine the effect o snow tire restrictions (or removing the restrictions) on the state and local
economy, and the safety and health d Alaskans.

e Students examine and report on how technology has affected them locally (g., northern cold-climate
adapted seeds new mondfilament fishing net, Global Bsitioning System 6r hunting).

Standards Cross-References

National Science Education Standards

Scientific inquiry and technological design have similaritieg
and differences Scientists propose &planations for

questions about the natural world, and engineers propose
solutions relating to human problems needs, and

aspirations. Technological solutions are temporary;
technologies «ist within nature and so they cannot
contravene physical or biological principles; technologica
solutions have side-effects; and technologies cost, carry]
risks, and provide benefits (Page 166)

Technological solutions have intended benefits and
unintended consequences Some consequences can be
predicted, others cannot. (Rge 166)

Technology influences society through its products and
processes Technology influences the quality © life and
the ways people act and interact. &hnological changes
are often accompanied by social, political, and economic
changes that can be beneficial or detrimental to individuals
and to society. Social needs attitudes, and values influence
the direction d technological development. (Bge 169)

Science and technology have advanced through
contributions d many different peoplg in different cultures

at different times in history. Science and technology have

contributed enormously to economic growth and
productivity among societies and groups within societies
(Page 169)

Science cannot answer all questions and technology cannot
solve all human problems or meet all human needsStudents
should understand the difference between scientific and
other questions They should appreciate what science and
technology can reasonably contribute to society and what
they cannot do. For ample, new technologies dten will
decrease some risls and increase others (Page 169)

Benchmarks

Engineers architects and others who engage in design and
technology use scientific knowledge to solve practical
problems. But they usually have to talke human values and
limitations into account as well. (Rge 46)

New technologies increase some riskand decrease others
Some of the same technologies that have improved the
length and quality d life for many people have also brought
new risks. (Page 56)
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Alaska Science
Key Element D3

A student who meets the content standard should recommend solutions to everyday
problems by applying scientific knowledge and skills

Performance Standard Level 3, Ages 11-14

Students identify a community problem or issugcollect inbrmation and secondary research, and propose a scientific
solution.

E

o

. Sample Assessment Ideas

e Students research modern and traditional methods fostoring ©od and design a plan that will allow them
to preserve bod during a one-week power outage

e Students discuss the impact & newly constructed roads in their area; identify benefitsproblems and
solutions

Expanded Sample Assessment Idea

e Students research local flooding and erosion in their community and mekrecommendations to better
safeguard the community.

Procedure Level of Performance
Students will: Stage 4  Student work is complete and contains evidence
1. Meet with local populace affected by flooding or| = ==  of elaboration, extension, higher-order thinking
erosion. skills, and relevant knowledge Student actively

participates in meeting with local populace and
helps identify community area most affected by
flooding or erosion; and actively participates in

2. Collect data and simulate a public meeting to share
the benefits problems and concerns

3. Break into community “groups” and select a problem student group to investigate the problem area,
to investigate (one that has a scientific solution). collect data and male recommendations based
4. Share their recommendations with other groups in on the data. Student identifies a second site
another public meeting. affected by same problem and determines if this

5. Revise their solution based on feedback from the public site could benefit from the same solution.

meeting. Stage 3 Student work is complete but may contain some
- evidence o inaccuracies omissions or
Reflections and Revisions ==  misconceptions Student participates in meeting

with local populace as they identify community
area most affected by flooding or erosion.
Student participates in student group to study
the problem area and male recommendations

based on their observations Student may

identify a second site affected by the same or
similar problem and determine if this site could
benefit from the same solution.

Visit other sites and determine whether more than one site
could benefit from the same solution.
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Stage 2 Student work may be incomplete incorrect, or
o o inaccurate Student attends meeting with local

populace and worls with student group to visit
the problem area. Recommendations may be
based solely on personal eperience or non-
science fctors (e.g., economics aesthetics etc.)
Student may identify a second site that is
unrelated to the first site

Stage 1  Student work is incomplete inaccurate, and

lacking in relevant details Student does not
attend meeting with local populace or attends
the meeting but does not éllow along with the
discussion to identify a problem area. Student
is a reluctant group participant and does not

make recommendations br the problem area.

National Science Education Standards

Identify appropriate problems for technological design.
Students should develop their abilities by identifying a
specified need, considering its various aspectsand talking
to potential users or beneficiaries They should appreciate
that for some needs the cultural baclgrounds and belief
of different groups can affect the criteria dr a suitable
product. (Page 165)

Design a solution or product. Students should male and
compare different proposals in the light bthe criteria they
have selected. They must consider constraints such as cost,
time, trade-offs, and materials needed and communicate
ideas with drawings and simple models (Page 165)

L3-88

-z, Standards Cross-References

5

Benchmarks

Design usually requires taking constraints into account.
Some constraintg such as gravity or the properties b the
materials to be used are unavoidable Other constraints
including economig political, social, ethical, and aesthetic
ones, limit choices (Page 51)



Alaska Science
Key Element D4

A student who meets the content standard should evaluate the scientific and social
merits of solutions to everyday problems

Performance Standard Level 3, Ages 11-14

Students evaluate the scientific and societal impact forecent technologies

1 Sample Assessment Ideas

e Students research different types 6tires and tracls left by different vehicles (eg., bicycles automabiles,
ATVs, tractors, heavy construction equipment, and snow machines); identify patterns; draw conclusians

e Students evaluate the societal and scientific impactfotelecommunications (eg., cell phones the Internet,

television, satellite dishes telephong etc.) in their community.

Expanded Sample Assessment Mini-Unit: HIV

e Students create a class presentation that discusses the HIV virudts effects transmission, a method to
limit its spread; evaluate societal impact b the proposed method.

Procedure Level of Performance

Students will: Stage 4  Student report includes a thorough investigation

1. Create a lesson to present to another class that| = =%= Of the effects d the HIV virus its transmission,
discusses the HIV virus its effects transmission, and and the methods to limit its spread. The report
how to potentially limit its spread in an infectious is detailed, extensive and includes evidence
situation (being very clear as to the relative pros and clear and logical reasoning
cons of each of the methods to restrict the spread b Stage 3 Student report includes a thorough investigation
infection). o o of the effects d the HIV virus its transmission,
Present the lesson to a different class Following the =+ and the methods to limit its spread, although
presentation, each person in that class will receive a equal importance may not be placed on all three
labeled cup containing 50 ml 6 a liquid (all of the aspects. The report is detailed and includes
cups contain plain water ecept for two which contain evidence d clear and logical reasoning. Minor
an additional 2 ml o 0.1M sodium hydroide). The errors do not affect the results
class is instructed that each student must complete Stage 2 Student report shows limited evidence b
four exchanges of liquid. Student presenters collect === INvestigation d the HIV virus its transmission,
the cups, test for the presence ¢ sodium hydroide **=  and methods to limit its spread. Student work
using an acid-base indicator analyze the results and is incomplete and may contain errors bscientific
report back to the class fact or reasoning.
Discuss and review each grou presentation in light Stage 1  Student report shows little or no evidence fo
of their sample results === INvestigation d the HIV virus its transmission,
Discuss and review each groug presentation with and methods to limit its spread. The report is
regard to societal impact. largely incomplete incorrect, or contains

evidence d misconceptions related to scientific
reasoning.
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Mini-Unit: HIV

Performance
Standard D4, Level 3

P

; M Students evaluate the scientific and
societal impact of recent
technologies.

/ Key Concepts and Skills

< Scientific methods are used to evaluate the effectivenessfoproblem solving.
e Transmission method ¢ HIV in specific ways
< Recent technology has affected society.

kT
RO

3 weeks

Timeline

= @ Abstract

Students will learn about the HIV virus (its biological nature and various cultural
contexts). Through a class eperiment, students will &plore how HIV is transmitted
and, as a result of discussion and experimentation, develop multiple solutions to limit
its transmission. Students will then create lessons that they will teach to another
class about HIV what it is how it is transmitted, and how its transmission can be
limited.

—_
Materials
O Clear plastic cups 0 Sodium hydroide
[ Internet access (1 Paper
0 Phenolphthalein 0 Water
[0 Research materials [0 Science journal

Alaska Science
Content Standard
Key Element

A student who meets the
content standard should
understand that similar
features are passed on by
genes through
reproduction.

5 E
i B

Cross-Reference
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\ Activities

Each student receives a plastic cup with 50 ml bwater. However, two cups also
have 2 ml of 0.1M sodium hydroxide solution as well. Designate two students to act
as observers (to watch who was echanging with whom-and noting behavior bthe
students during the echanges). On command, each student needs to pour the
contents d his or her cup into another studens cup, and then receive back half &
the liquid. Repeat this two more times with other studentsleacher describes that
two cups were initially affected and that the class needs to determine which cups
were initially affected. ®acher then goes to each studenst cup and adds the
phenolphthalein indicator A class discussion occurs during this process regarding
the possible sources 6r the infection.

Discussions and lessons occur regarding the biologyfahe HIV virus the

mathematics of infection, the effects & drugs and alcohol on transmission rates
refusal skills hygieng medical treatments and location. During the discussions
Students will create a list & possible ways to control the spread bthe infection.

Discussions and lessons occur regarding societal impactfaecent technology
advances. Discussion should bcus on health policies regarding disease and safety
(for example, seat belts vaccinations).

Students will devise (based upon the idea presented in the first activity) one or
more experiments that test out their possible solutions to limiting the spread the
infection.

Expanded Sample Assessment

Students create a class presentation that discusses the HIV virudts effects
transmission, a method to limit its spread, and then evaluate societal impactfdhe
proposed method.

Procedure
Students will:

1. Create a lesson to present to another class that discusses the HIV virusts
effects, transmission, and how to potentially limit its spread in an infectious
situation (being very clear as to the relative pros and consfoeach of the
methods to restrict the spread 6 infection).

2. Present the lesson to a different classFollowing the presentation, each person
in that class will receive a labeled cup containing 50 mifoa liquid (all of the
cups contain plain water ecept for two which contain an additional 2 ml &
0.1M sodium hydraide). The class is instructed that each student must
complete bur exchanges o liquid. Student presenters collect the cupstest for
the presence d sodium hydraide using an acid-base indicatgranalyze the
results, and report back to the class



3. Discuss and review each groups presentation in light & their sample results
4. Discuss and review each groups presentation with regard to societal impact.

Level of Performance

Stage 4  Student report includes a thorough investigationfothe effects o the HIV
- s ViFUS, its transmission, and the methods to limit its spread. The report is
detailed, extensivg and includes evidence & clear and logical reasoning.

Stage 3  Student report includes a thorough investigationfothe effects o the HIV
e virus, its transmission, and the methods to limit its spread, although
- equally importance may not b placed on all three aspectsThe report is

detailed and includes evidence o clear and logical reasoning. Minor errors

do not affect the results

Stage 2 Student report shows limited evidence binvestigation ¢ the HIV virus its
=== transmission, and methods to limit its spread. Student work is incomplete
and may contain errors d scientific fict or reasoning.

Stage 1  Student report shows little or no evidence foinvestigation d the HIV
=== Virus, its transmission, and methods to limit its spread. The report is
largely incomplete incorrect, or contains evidence B misconceptions

related to scientific reasoning.

"%, Standards Cross-References

National Science Education Standards

Scientific inquiry and technological design have similarities and differenceScientists
propose explanations fr questions about the natural world, and engineers propose
solutions relating to human problems needs and aspirations Technological solutions
are temporary; technologies &ist within nature and so they cannot contravene
physical or biological principles; technological solutions have side effects; and
technologies cost, carry risk and provide benefits (Page 166)

Perfectly designed solutions do not xst. All technological solutions have tradefts,
such as safety, cost, efficiency and appearance. Engineers dten build in back-up
systems to provide safety. Risk is part bliving in a highly technological world.
Reducing risk dten results in new technology. (Bge 166)

Technological solutions have intended benefits and unintended consequenceSome
consequences can be predicted, others cannot. @e 166)

Science influences society through its knowledge and world viecientific knowledge
and the procedures used by scientists influence the way many individuals in society
think about themselves others, and the environment. The effect 6 science on society
is neither entirely beneficial nor entirely detrimental. ége 169)

Technology influences society through its products and processe3echnology
influences the quality d life and the ways people act and interact. &chnological
changes are dften accompanied by social, political, and economic changes that can be
beneficial or detrimental to individuals and to society. Social needattitudes, and
values influence the direction 6 technological development. (Bge 169)

Benchmarks

New technologies increase some riskand decrease others Some of the same
technologies that have improved the length and qualityfdife for many people have
also brought new risk. (Page 56)
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problems.

Alaska Science
Key Element D5

A student who meets the content standard should participate in reasoned discussion$ o
public policy related to scientific innovation and proposed technological solutions to

Performance Standard Level 3, Ages 11-14

Students describe how public policy affects their lives and participate diplomatically in evidence-based discussions relating

to their community.

:w -

% Sample Assessment ldea

e Students choose an issue from their community (4., aerial wolf hunting, fishing in national park air
boats, failure to adopt recycling, subsistence fishing, goose over-population, etcchoose a policy position,
and using evidence present argumentsdr their position.

e Students choose a school policy (g., Internet access teacher-student ratios) and provide both positive
and negative effects on the school population.

National Science Education Standards

The potential br accidents and the &istence d hazards

imposes the need br injury prevention. Safe living involves
the development and use & safety precautions and the
recognition d risk in personal decisions Injury prevention
has personal and social dimensions (Page 168)

Human activities also can induce hazards through resource
acquisition, urban growth, land-use decisionsand waste
disposal. Such activities can accelerate many natural
changes. (Page 168)

Science influences society through its knowledge and world
view. Scientific knowledge and the procedures used by
scientists influence the way many individuals in society
think about themselves others and the environment. The
effect of science on society is neither entirely beneficial
nor entirely detrimental. (Rge 169)

Societal challenges dten inspire questions 6r scientific
research, and social priorities ften influence research
priorities through the availability b funding for research.
(Page 169)

Technology influences society through its products and

processes Technology influences the quality 6 life and

2. Standards Cross-References

the ways people act and interact. &chnological changes

are often accompanied by social, political, and economic
changes that can be beneficial or detrimental to individuals
and to society. Social needs attitudes, and values influence

the direction d technological development. (Bge 169)

Benchmarks

The human ability to shape the future comes from a capacity
for generating knowledge and developing new
technologies—and br communicating ideas to others(Page
55)

Technology cannot always provide successful solutionsof
problems or fulfill every human need. (Bge 55)

New technologies increase some riskand decrease others
Some of the same technologies that have improved the
length and quality d life for many people have also brought
new rislks. (Page 56)

Rarely are technology issues simple and one-sided. Relevant
facts alone, even when known and available usually do
not settle matters entirely in dvor of one side or another
That is because the contending groups may have different
values and priorities They may stand to gain or lose in
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different degrees or may make very different predictions
about what the future consequences 6 the proposed action
will be. (Page 56)

Societies influence what aspects & technology are
developed and how these are used. Rople control
technology (as well as science) and are responsibledr its
effects. (Page 56)
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Alaska Science
Key Element D6

A student who meets the content standard should act upon reasoned decisions and
evaluate the effectiveness & the action.

Performance Standard Level 3, Ages 11-14

Students use scientific reasoning to design a solution to a problem or issue and evaluate the effectivenedstbe solution.

A Sample Assessment ldeas

e Students test the effectiveness bvarious food storage methods; test their designs; analyze the effectiveness

of each method.

e Students examine permafrost, the effects ¢ the removal o tundra, types o foundations used in villages
and which homes need more frequent leveling, and determine the besbdindation for a house built on
permafrost. A booklet will be printed on recommendationsof future foundation construction.

National Science Education Standards

Design a solution or product. Students should male and
compare different proposals in the light bthe criteria they
have selected. They must consider constraintsuch as cost,
time, trade-offs, and materials needed—and communicate
ideas with drawings and simple models (Page 165)

Implement a proposed solution. Students should organize
materials and other resources plan their work, male good
use of group collaboration where appropriate choose
suitable tools and techniques and work with appropriate
measurement methods to ensure adequate accuracy. (Bge
165)

Evaluate completed technological designs or products.
Students should use criteria relevant to the original purpose
or need, consider a variety & factors that might affect
acceptability and suitability 6r intended users or
beneficiaries and develop measures d quality with respect
to such criteria and fictors; they should also suggest
improvements and, br their own products try proposed
modifications (Page 165)

.. Standards Cross-References

Communicate the process of technological design.
Students should review and describe any completed piece
of work and identify the stages & problem identification,
solution design, implementation, and evaluation. (8ge 166)

Science cannot answer all questions and technology cannot
solve all human problems or meet all human needsStudents
should understand the difference between scientific and
other questions They should appreciate what science and
technology can reasonably contribute to society and what
they cannot do. For ample, new technologies dten will
decrease some risls and increase others (Page 169)

Benchmarks

Technology cannot always provide successful solutionsof
problems or fulfill every human need. (Bge 55)

Societies influence what aspects & technology are
developed and how these are used. Rople control
technology (as well as science) and are responsibledr its
effects. (Page 56)
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Translating
Stand_ards to
Practice

A Teacher’s Guide to
Use and Assessment of the
Alaska Science Standards

LEVEL 4, Ages 15-18







Alaska Science
Content Standard A

A student should understand scientific facts, concepts,
principles, and theories.






\ Alaska Science

Level 4

Key Element Al

A student who meets the content standard should understand models describing the
nature of molecules atoms, and sub-atomic particles and the relation Hthe models to
the structure and behavior & matter.

Performance Standard Level 4, Ages 15-18

Students develop, create and use models to demonstrate their understanding the nature of particles and their interactions
on the molecular atomic and subatomic levels and how these eplain the physical and chemical properties fomatter.

Sample Assessment ldeas

e Students experiment with puffed rice and a ¥n DeGraaf static electricity generator OR an électric ferry”
apparatus (styrofoam, tin cans, pencil, string, tack, electron source); build models toxlain the observations
using subatomiq atomic, molecular, and particulate structures

e Students compare the viscosity 6 different oils greases, petroleum and synthetic lubricants at different
temperatures; build models to &plain differences in properties

Expanded Sample Assessment ldea

e Students examine samples of salt (NaCl) crystals and sugar crystals; prepare solutions and measure
conductivity and freezing points; build models thatxhibit differences at the subatomig atomic and
molecular level d organization and account r the differences in observations[Proper SAFETY precautions

should be used.]

Procedure
Students will:

1.

Use a magnifying glass or microscope and hardness
test device (eg. scratch block) to observe and describe
properties d salt and sugar crystals

Prepare quantitative solutions 6 at least two different
concentrations ¢ salt in water (e.g. 0.1g per 100g
water, and 2 g per 100 g water) and attempt to do the
same using hexane instead of water.

Prepare quantitative solutions 6 at least two different
concentrations d sugar in water (eg. 0.1g per 100g
water, and 2 g per 100 g water) and attempt to do the
same using hexane instead of water.

Observe and compare the properties b the solutions
using simple conductivity apparatus

Observe and compare the freezing point beach solution
and the freezing point & pure water and pure heane.

Build models to represent the two different solids and
the different solutions; models should include
differences at the subatomic level (i.e electrons and

nucleus), atomic level (i.e ions vs covalent bonds)

and the molecular level (i.e polar vs. non-polar

solvents).

Use the models to plain orally (or in writing) the
difference between a solid and a solution.
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Use the models to eplain how differences between the
solid and their solutions leads to the observed differences
in properties Why do some solids dissolve in some liquids
and not in others?

Stage 4  Student work is complete correct and shows
evidence o logical reasoning and detailed
evidence d extension and transfer ¢ knowledge
related to particle interactions Models

accurately represent both crystalline and
solution structures in terms & the subatomig

atomic and molecular components The models
are used to explain most of the observed
differences between ionic and covalent
molecules (dissolving, solubility conductivity

and changes in freezing points)

Stage 3 Student work shows evidence blogical reasoning
and some evidence d extension or transfer @
knowledge related to particle interactions

Models represent crystalline and solution

Matter is made o minute particles called atoms and atoms
are composed o even smaller components These
components have measurable propertiessuch as mass and
electrical charge Each atom has a positively charged nucleus
surrounded by negatively charged electronsThe electric
force between the nucleus and electrons holds the atoms
together (Page 178)

The atom’s nucleus is composed & protons and neutrons
which are much more massive than electrons When an
element has atoms that differ in the number 6 neutrons
these atoms are called different isotopes b the element.
(Page 178)

The nuclear forces that hold the nucleus §an atom together
at nuclear distances are usually stronger than the electric
forces that would male it fly apart. Nuclear reactions convert
a fraction of the mass of interacting particles into energy
and they can release much greater amounts 6energy than
atomic interactions Fission is the splitting 6 a large nucleus
into smaller pieces Fusion is the joining & two nuclei at
extremely high temperature and pressurgand is the process
responsible br the energy d the sun and other stars (Page
178)

Radioactive isotopes are unstable and undergo spontaneous
nuclear reactions emitting particles and/or wavelik

radiation. The decay d any one nucleus cannot be predicted,
but a large group d identical nuclei decay at a predictable

structure in terms d the subatomic atomic and
molecular components though minor errors or
omissions may be present. The models are used
to explain some o the observed differences
between ionic and covalent molecules
(dissolving, solubility conductivity or changes
in freezing points)

Stage 2  Student work may show evidence & skilled
craftsmanship but shows limited evidence b
knowledge related to particle interactions or
subatomic, atomic, and molecular structures
Models represent crystalline or solution
structures and are used to aplain at least one
of the observed differences between ionic and
covalent molecules (dissolving, solubility

conductivity or changes in freezing points)

Stage 1  Student work is mostly incompletgincorrect and
shows little or no evidence bknowledge related

to particle interactions

rate. This predictability can be used to estimate the agefo
materials that contain radioactive isotopes(Page 178)

Atoms interact with one another by transferring or sharing
electrons that are furthest from the nucleusThese outer
electrons govern the chemical propertiesfothe element.
(Page 178)

An element is composed & a single type d atom. When

elements are listed in order according to the numberfo
protons (called the atomic number), repeating patterns
physical and chemical properties identify dmilies of

elements with similar properties This “Periodic Table” is a

consequence d the repeating pattern & outermost electrons
and their permitted energies (Page 178)

Bonds between atoms are created when electrons are paired
up by being transferred or shared. A substance composed
of a single kind d atom is called an element. The atoms
may be bonded together into molecules or crystalline solids
A compound is brmed when two or more kinds & atoms
bind together chemically. (Rge 179)

The physical properties & compounds reflect the nature 6

the interactions among its molecules These interactions

are determined by the structure 6 the molecule including

the constituent atoms and the distances and angles between
them. (Page 179)

Solids, liquids, and gases differ in the distances and angles
between molecules or atoms and therafre the energy that
binds them together In solids the structure is nearly rigid;



in liquids molecules or atoms move around each other but
do not move apart; and in gases molecules or atoms move
almost independently ¢ each other and are mostly &r apart.
(Page 179)

Carbon atoms can bond to one another in chainsrings,
and branching network to form a variety o structures
including synthetic polymersoils, and the large molecules
essential to life (Page 179)

Each kind of atom or molecule can gain or lose energy only
in particular discrete amounts and thus can absorb and
emit light only at wavelengths corresponding to these
amounts. These wavelengths can be used to identify the
substance (Page 180)

The usefulness d a model can be tested by comparing its
predictions to actual observations in the real world. But a
close match does not necessarily mean that the model is
the only “true” model or the only one that would work.
(Page 270)

A physical or mathematical model can be used to estimate
the probability d real-world events (Page 230)

Atoms are made of a positive nucleus surrounded by negative
electrons An atom’s electron configuration, particularly the
outermost electrons determines how the atom can interact
with other atoms Atoms form bonds to other atoms by
transferring or sharing electrons(Page 80)

The nucleus a tiny fraction o the volume d an atom, is
composed of protons and neutrons each almost two

thousand times heavier than an electron. The number o

positive protons in the nucleus determines what an atos’
electron configuration can be and so defines the element.
In a neutral atom, the number d electrons equals the

number of protons But an atom may acquire an unbalanced

charge by gaining or losing electrons(Page 80)

Neutrons have a mass that is nearly identical to that b
protons, but neutrons have no electric charge Although
neutrons have little effect on how an atom interacts with
others, they do affect the mass and stability 6 the nucleus
Isotopes o the same element have the same number 6
protons (and therebre electrons) but differ in the number
of neutrons (Page 80)

Scientists continue to investigate atoms and have
discovered even smaller constituents fowhich electrong
neutrons, and protons are made (Page 80)

When elements are listed in order by the masses fotheir
atoms, the same sequence d properties appears over and
over again in the list. (Rige 80)

Atoms often join with one another in various combinations
in distinct molecules or in repeating three-dimensional
crystal patterns An enormous variety d biological,
chemical, and physical phenomena can be gplained by
changes in the arrangement and motion 6 atoms and
molecules (Page 80)

The configuration d atoms in a molecule determines the
molecules properties Shapes are particularly important in
how large molecules interact with others(Page 80)






Alaska Science
revel 2 @ Key Element A2

A student who meets the content standard should understand the physical, chemical,
and nuclear changes and interactions that result in observable changes in the properties
of matter (Changes and Interactions & Matter).

Performance Standard Level 4, Ages 15-18

Students describe and &plain a common chemical reaction including atomic structurehemical bonding and reaction rates

Sample Assessment Ideas

e Students burn (or attempt to burn) bur different substances; male qualitative and quantitative evaluations
before and after combustion; state what has happened in each combustion attempt.

e Students use metals and non-metals in a reaction with hydrochloric acid; malqualitative and quantitative
evaluations bebre and after the reactions; use chemical symbols and models to describe each chemical
reaction.

Expanded Sample Assessment ldea

e Students build a bottle “firework” using hydrochloric acid and calcium carbonatexxplain the complete
reaction; relate the chemical reaction to the productionfacave formations. [Proper SAFETY should be
used.]

Materials 4. Shake to mix the chemicals;DO NOT POINT at anyone.

(11 or 2 liter plastic bottle 5. Make complete lab records in a journal about what

rubber stopper to fit was observed and what happens

6. Write equations to &plain what is observed.

"I streamers to tape to stopper

-/ calcium carbonate Reflection and Revision

-1 hydrochloric acid OR vinegar (vinegar can be used but| oy does this activity relate to thedrmation of stalactites
it gives the students a more difficult equation) and stalagmites in caves? D the weathering d marble

'l balance statues in industrial cities? Instead & popping the cork,

"1 graduated cylinder design a way to test the gas that is produced and prove its

identity; get approval & the design; carry out the tests;

"I paper towels interpret the results in a journal.

Procedure
Students will:

Levels of Performance

Stage 4  Student work shows clear understanding b

1. Measure a given mass (about 1 gram) d calcium -+ - Matter rearrangements that tak place in
carbonate; place in a paper twist. T chemical reactions Balanced equations are

2. Measure 5-10 mL of 0.1M hydrochloric acid into a written for all reactions Observations are
bottle. thorough and interpreted in considerable detail

3. Place the paper twist d carbonate in the bottle and using logical reasoning.

rapidly cork the bottle
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Stage 3  Student work shows understanding & matter
rearrangements that tale place in chemical
reactions Balanced equations are written or
most reactions Observations are thorough and
interpreted with some evidence b logical

reasoning although minor errors may be present.

Stage 2 Student work shows limited understanding ©
matter rearrangements that tale place in
chemical reactions Equations are attempted but

they are not balanced or they contain errors

The nuclear forces that hold the nucleus §an atom together
at nuclear distances are usually stronger than the electric
forces that would male it fly apart. Nuclear reactions convert
a fraction of the mass of interacting particles into energy
and they can release much greater amounts 6energy than
atomic interactions Fission is the splitting 6 a large nucleus
into smaller pieces Fusion is the joining & two nuclei at
extremely high temperature and pressurgand is the process
responsible br the energy d the sun and other stars (Page
178)

Radioactive isotopes are unstable and undergo spontaneous
nuclear reactions emitting particles and/or wavelik
radiation. The decay d any one nucleus cannot be predicted,
but a large group d identical nuclei decay at a predictable
rate. This predictability can be used to estimate the agefo
materials that contain radioactive isotopes(Page 178)

Atoms interact with one another by transferring or sharing
electrons that are furthest from the nucleusThese outer
electrons govern the chemical properties fothe element.
(Page 178)

Bonds between atoms are created when electrons are paired
up by being transferred or shared. A substance composed
of a single kind d atom is called an element. The atoms
may be bonded together into molecules or crystalline solids
A compound is brmed when two or more kinds & atoms

bind together chemically. (Rge 179)

The physical properties & compounds reflect the nature 6
the interactions among its molecules These interactions
are determined by the structure 6 the molecule including
the constituent atoms and the distances and angles between
them. (Page 179)

Carbon atoms can bond to one another in chainsrings,
and branching network to form a variety o structures
including synthetic polymersoils, and the large molecules
essential to life (Page 179)

Chemical reactions occur all around usfor example in health

Observations are minimal, contain errors or are
interpreted with limited evidence D logical
reasoning.

Stage 1  Student work shows little understanding b
matter rearrangements that tale place in
chemical reactions Equations, if present, are
highly flawed. Observations are minimal or
totally incorrect, and observations if present,

contain major misconceptions

care, cooking, cosmetics and automobiles. Complex
chemical reactions involving carbon-based molecules tak
place constantly in every cell in our bodies(Page 179)

Chemical reactions may release or consume energy. Some
reactions such as the burning dssil fuels release large
amounts of energy by losing heat and by emitting light.
Light can initiate many chemical reactions such as
photosynthesis and the evolution b urban smog. (Page

179)

A large number d important reactions involve the transfer
of either electrons (xidation/reduction reactions) or
hydrogen ions (acid/base reactions) between reacting ions
molecules or atoms. In other reactions chemical bonds
are broken by heat or light to 6rm very reactive radicals
with electrons ready to érm new bonds Radical reactions
control many processes such as the presence foozone and
greenhouse gases in the atmosphergburning and processing
of fossil fuels the formation of polymers, and explosions
(Page 179)

Chemical reactions can tale place in time periods ranging
from the few femtoseconds (10-%° seconds) required br an

atom to move a fraction d a chemical bond distance to
geologic time scales & billions o years. Reaction rates

depend on how dten the reacting atoms and molecules
encounter one another on the temperature and on the

properties—including shape—b6the reacting species (Page

179)

Catalysts, such as metal surfaces, accelerate chemical

reactions Chemical reactions in living systems are catalyzed
by protein molecules called enzymes (Page 179)

The nucleus o radioactive isotopes is unstable and
spontaneously decays emitting particles and/or waveli&
radiation. It cannot be predicted gactly when, if ever an
unstable nucleus will decay but a large group d identical
nuclei decay at a predictable rate This predictability ¢
decay rate allows radioactivity to be used dr estimating



the age of materials that contain radioactive substances

(Page 80)

Atoms often join with one another in various combinations
in distinct molecules or in repeating three-dimensional
crystal patterns An enormous variety d biological,

chemical, and physical phenomena can be gplained by

changes in the arrangement and motion 6 atoms and

molecules (Page 80)

The configuration d atoms in a molecule determines the
molecules properties Shapes are particularly important in
how large molecules interact with others(Page 80)

The rate of reactions among atoms and molecules depends
on how often they encounter one anotherwhich is affected
by the concentration, pressurg and temperature o the

reacting materials Some atoms and molecules are highly
effective in encouraging the interaction foothers. (Page

80)






Alaska Science
evela & Key Element A3

A student who meets the content standard should understand models describing the
composition, age and size of our universg galaxy, and solar system and understand that
the universe is constantly moving and changing (Universe).

Performance Standard Level 4, Ages 15-18

Students use secondary research to develop models thatxplain the origin and continued developmentfothe solar system,
galaxy, and the universe

Sample Assessment ldeas

e Students make a model of the sun-Earth-lunar system that is accurately scaledof both size and distance

e Students conceptually demonstrate the “Big Bang”, including the centerfcexpansion and continued
thinning o mass per volume by inflating a balloon covered with dots from a marking pen.

Expanded Sample Assessment ldeas

e Students model star movement and &plain the red shift.

Procedure evidence is used to identify the age ba galaxy? Use your
model to explain the motion and movement  blue-shifted

Students will: )
stars and galaxies

1. Break into groups d four, each contributing specific

information to the activity. Level of Performance
2. Use the Internet to collect indrmation about star Stage 4  Student explanation is complete and shows
movement. - s evidence d logical reasoning. The model or
3. Demonstrate the Doppler effect by moving a sound| ~ ™ drawing accurately describes how a change in
source of constant pitch towards the listener and away motion and position causes a change in wave
from the listener frequency. The student uses the model or drawing

to explain blue-shift and the movement bblue-
shifted galaxies The student explanation
contains detailed evidence 6how energy-related
information is used to classify identify, and
describe stars or galaxies in the universe

4. Discuss how to use the Doppler effect to describe the
relative motion d stars.

5. Make a model or draw a picture and use it to
demonstrate how a change in motion and position
causes a change in wave frequency.

Stage 3  Student explanation shows evidence 6 clear and
6. Discuss the red-shift 6 light. g udertt planation Snows evi

-+ logical reasoning, but may contain minor errors
== Or omissions The model or drawing describes

Reflection and Revision : : o
how a change in motion and position causes a

Compare and contrast light energy and sound energy. What change in wave frequency. Minor errors or
other energy sources are emitted from stars in addition to omissions may be present. The student uses the
light energy? How is the energy source used to identify the model or drawing to eplain blue-shift or the
type of star? The distance d the star? What evidence is movement of blue-shifted galaxies The student
used to identify the chemical composition foa star? What explanation contains some evidence b how
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energy-related inbrmation is used to classify
identify, or describe stars or galaxies in the
universe

Stage 2 The model or drawing may contain evidence D
skilled craftsmanship but may be incomplete

incorrect, or lack detail. Student gplanation

The sun, the Earth, and the rest @ the solar system brmed
from a nebular cloud o dust and gas 4.6 billion years ago.
The early Earth was very different from the planet we live
on today. (Page 189)

The origin d the universe remains one ¢ the greatest

questions in science The “Big Bang” theory places the origin
between 10 and 20 billion years ago, when the universe
began in a hot dense state; according to this theorythe

universe has been &panding ever since (Page 190)

Early in the history d the universe matter, primarily the
light atoms hydrogen and helium, clumped together by
gravitational attraction to 6rm countless trillions 6 stars.
Billions o galaxies, each of which is a gravitationally bound
cluster o billions o stars, now form most of the visible
mass in the universe (Page 190)

The stars differ from each other in sizg temperature, and
age, but they appear to be made up d the same elements
that are found on the Earth and to behave according to the
same physical principles Unlike the sun, most stars are in
systems o two or more stars orbiting around one another
(Page 65)

contains limited knowledge & how to classify
identify, or describe stars or galaxies in the
universe It may contain errors @ science fct
and reasoning.

Stage 1  The model, drawing, and student &planation

are largely incomplete and incorrect.

On the basis o scientific evidence the universe is estimated
to be over ten billion years old. The current theory is that
its entire contents &panded explosively from a hot, densg
chaotic mass Stars condensed by gravity out 6 clouds of
molecules d the lightest elements until nuclear fusion ©
the light elements into heavier ones began to occuFusion
released great amounts d energy over millions & years.
Eventually, some stars exploded, producing clouds 6 heavy
elements from which other stars and planets could later
condense The process d star formation and destruction
continues (Page 65)

Increasingly sophisticated technology is used to learn about
the universe Visual, radio, and x-ray telescopes collect
information from across the entire spectrum 6
electromagnetic waves; computers handle an avalanche fo
data and increasingly complicated computations to interpret
them; space probes send back data and materials from the
remote parts o the solar system; and accelerators give
subatomic particles energies that simulate conditions in
the stars and in the early history & the universe bebre
stars formed. (Page 65)

Mathematical models and computer simulations are used
in studying evidence from many sources in order toofm a
scientific account @ the universe (Page 65)



. Alaska Science
evela & Key Element A4

A student who meets the content standard should understand observable natural events
such as tides weather, seasons, and moon phases in terms d the structure and motion

of the Earth (Earth).

Performance Standard Level 4, Ages 15-18

Students explain tides weather, seasons, and phases of the moon including the appropriate conceptsfogravity, the Coriolis
effect, role d the atmosphere and Earth’s rotation and revolution.

Sample Assessment Ideas

e Students research how air and water regions bdifferent temperature and density move to drive circulation

patterns and large-scale weather patterns

e Students debate the scientific evidencedf and against global warming.

Standards Cross-References

National Science Education Standards

Heating o Earth’s surface and atmosphere by the sun drives
convection within the atmosphere and oceansproducing
winds and ocean currents (Page 189)

Global climate is determined by energy transfer from the
sun at and near the Earths surface. This energy transfer is
influenced by dynamic processes such as cloud cover and
the Earth’s rotation, and static conditions such as the
position d mountain ranges and oceans (Page 189)

Benchmarks

Life is adapted to conditions on the Earth, including the
force of gravity that enables the planet to retain an adequate
atmosphere, and an intensity d radiation from the sun
that allows water to cycle between liquid and vapor(Page
70)

Weather (in the short run) and climate (in the long run)
involve the transfer ¢ energy in and out d the atmosphere
Solar radiation heats the land masses oceans, and air.
Transfer of heat energy at the boundaries between the
atmosphere, the land masses and the oceans results in
layers of different temperatures and densities in both the
ocean and atmosphere The action o gravitational frce on
regions o different densities causes them to rise ordil
and such circulation, influenced by the rotationfathe Earth,
produces winds and ocean currents (Page 70)
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A student who meets the content standard should understand the strength and effectf o
the forces of nature, including gravity and electromagnetic radiation (ForcesfaNature).

Students explain how gravity and electromagneticdrces operate according to simple principles and how they can be used in
applications such as mineral resource prospecting, satellitespace travel and to affect natural phenomena such as the

aurora.

Students explain how microwaves radio waves and x-rays are related and identify technologies which

utilize them in everyday applications

Students use observations on the Internet or collect data related to sunspot activitthe occurrence d
electromagnetic disturbances on Earth, aurora displaysNASA precautionary plang and communications
blackouts; create a report that &plains how electromagnetism affects life on Earth.

Gravitation is a universal brce that each mass eerts on

any other mass The strength d the gravitational attractive
force between two masses is proportional to the masses
and inversely proportional to the square b the distance

between them. (Page 180)

The electric brce is a universal brce that exists between
any two charged objects Opposite charges attract while
like charges repel. The strength bthe force is proportional
to the charges and, as with gravitation, inversely
proportional to the square & the distance between them.
(Page 180)

Between any two charged particles electric brce is vastly

greater than the gravitational érce. Most observable brces

such as those exerted by a coiled spring or friction may be
traced to electric brces acting between atoms and
molecules (Page 180)

Electricity and magnetism are two aspects b a single
electromagnetic brce. Moving electric charges produce
magnetic forces, and moving magnets produce electric
forces These effects help students to understand electric
motors and generators (Page 180)

Electromagnetic waves result when a charged object is

accelerated or decelerated. Electromagnetic waves include
radio waves (the longest wavelength), microwavesinfrared
radiation (radiant heat), visible light, ultraviolet radiation,
x-rays, and gamma rays. The energy d electromagnetic
waves is carried in paclets whose magnitude is inversely
proportional to the wavelength. (Bge 180)

In some materials such as metals electrons flow easily

whereas in insulating materials such as glass they can hardly
flow at all. Semiconducting materials have intermediate
behavior. At low temperatures some materials become
superconductors and dfer no resistance to the flow @

electrons (Page 181)

Accelerating electric charges produce electromagnetic waves
around them. A great variety d radiations are
electromagnetic waves radio waves microwaves radiant
heat, visible light, ultraviolet radiation, x-raysand gamma
rays. These wavelengths vary from radio wavesthe longest,
to gamma waves, the shortest. In empty space all
electromagnetic waves move at the same speed—the “speed
of light.” (Page 92)



Gravitational brce is an attraction between masses The
strength d the force is proportional to the masses and
weakens rapidly with increasing distance between them.
(Page 96)

Electromagnetic brces acting within and between atoms
are vastly stronger than the gravitational drces acting
between the atoms At the atomic level, electric drces
between oppositely charged electrons and protons hold
atoms and molecules together and thus are involved in all
chemical reactions On a larger scalg these forces hold solid
and liquid materials together and act between objects when
they are in contact—as in sticking or sliding friction. @ge
96)

There are two kinds or charges—positive and negative ike
charges repel one another opposite charges attract. In
materials, there are almost eactly equal proportions d
positive and negative charges making the materials as a
whole electrically neutral. Negative chargesbeing
associated with electrons are far more mobile in materials
than positive charges are A very small excess of negative
charges in a material produces noticeable electricofces.
(Page 96)

Different kinds d materials respond differently to electric
forces. In conducting materials such as metals electric
charges flow easily whereas in insulating materials such as
glass, they can move hardly at all. & very low temperatures
some materials become superconductors and ffer no
resistance to the flow d current. In between these g&tremes,
semiconducting materials differ greatly in how well they
conduct, depending on their gact composition. (Rage 97)

Magnetic forces are very closely related to electricofces

and can be thought d as different aspects d a single

electromagnetic brce. Moving electric charges produce
magnetic forces and moving magnets produce electricfces.

The interplay d electric and magnetic érces is the basis
for electric motors generators and many other modern
technologies including the production & electromagnetic
waves. (Page 97)

The forces that hold the nucleus & an atom together are
much stronger than the electromagneticdrce. That is why
such great amounts d energy are released from the nuclear
reactions in the sun and other stars (Page 97)



. Alaska Science
Level s @ Key Element A6

A student who meets the content standard should understand thatofces of nature
cause different types & motion, and describe the relationship between theseofces and
motion (Motion).

Performance Standard Level 4, Ages 15-18

Students explain common examples of linear and rotational motion using Newtors' Laws of Motion.

Sample Assessment Ideas

e Students calculate speed and position as a function fotime for a boat traveling both upstream and
downstream in a known current if the motordrce of the boat is known.

e Students describe and calculate the orbital velocityfoa geostationary satellite at a fied height above
Earth.

Expanded Sample Assessment ldea

e Students experiment with sleds to determine acceleration due to a constanbifce.

Procedure [1 Data Interpretation (include a description ¢ the
experimental results using Newtors Laws of Motion
and coefficient d friction)

Students will:

1. Mark off 5m increments along a track; use a spring
scale between the sled and a pulling drce to assure
constant force; tow a sled or slateboard on a hard or
ice surface (e.g. lake, well-pacled snow machine track,
ice rink.)

[1 Applications (include a discussion & Newton's three
laws at work in a related local activity such as driving
a vehicle playing sports hunting, and so on)

Levels of Performance

Stage 4  Student work is complete correct and shows
detailed evidence & the transfer and extension

Measure time between marls.
Calculate velocity.

Graph velocity vs time and determine acceleration; of knowledge that relates brces to motion. Each
graph acceleration vs time. section d the lab report is detailed and shows

5. Vary the weight on the slide surface type, force; repeat evidence d logical reasoning. Calculations are
calculations and graphing steps accurate; graphs are correctly labeled and
accurately represent the observations; error

Reflection and Revision analysis contains detailed discussion b each

source of error; experimental results are

interpreted according to Newtors' Laws of
'] Materials & Methods (include calculations and graphs) Motion as well as coefficient & friction and the

Write a formal lab report that includes:

sl
| Data Analysis (include sources d experimental error | T Applications section includes a thorough
due to the sled, the snow type human error; methods discussion d how Newtons Laws of Motion apply
to reduce experimental error; description B the forces to daily living or a local activity.
acting on the sled when it is stationarywhen it is
moving)
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Stage 3  Student work is mostly complete and shows
evidence o the transfer or extension of
knowledge that relates 6rces and motion. Most
sections d the lab report shows evidence 6
logical reasoning, although some sections may
contain minor errors or omissions Calculations
are mostly accurate; graphs are labeled and
represent the observations; error analysis
contains a discussion ¢ sources of error;
experimental results are interpreted according
to Newtons Laws of Motion or coefficient &

Objects change their motion only when a netofrce is applied.
Laws of motion are used to calculate precisely the effects
of forces on the motion & objects The magnitude d the
change in motion can be calculated using the relationship
F=ma, which is independent ¢ the nature of the force.
Whenever one object &erts force on another a force equal
in magnitude and opposite in direction isxerted on the
first object. (Page 179)

Waves, including sound and seismic waveswaves on water
and light waves have energy and can transfer energy when
they interact with matter (Page 180)

The change in motion ¢ an object is proportional to the
applied force and inversely proportional to the mass(Page
91)

All motion is relative to whatever frame b reference is
chosen, for there is no motionless frame from which to
judge all motion. (Page 91)

Accelerating electric charges produce electromagnetic waves
around them. A great variety d radiations are

friction; and the applications section includes a
discussion d how Newtons Laws of Motion apply
to daily living or local activity

Stage 2 Student work may be incomplete and shows
limited evidence ¢ knowledge d forces or
motion. The lab report may include a preliminary
or first draft attempt on the required sections
though it contains errors 6 science fact and

reasoning.

Stage 1  Student work is mostly incomplete and shows

misconceptions relating érces and motion.

electromagnetic waves: radio waves microwaves radiant
heat, visible light, ultraviolet radiation, x raysand gamma
rays. These wavelengths vary from radio wavesthe longest,
to gamma rays, the shortest. In empty spaceg all
electromagnetic waves move at the same speed—the “speed
of light.” (Page 92)

Whenever one thing eerts a force on another an equal
amount of force is exerted back on it. (RPage 92)

The observed wavelength & a wave depends upon the
relative motion d the source and the observer If either is
moving toward the othey the observed wavelength is
shorter; if either is moving away the wavelength is longer
Because the light seen from almost all distant galaxies has
longer wavelengths than comparable light here on Earth,
astronomers believe that the whole universe isx@anding.
(Page 92)

Waves can superpose on one anotherbend around corners
reflect off surfaces, be absorbed by materials they enter
and change direction when entering a new material. All
these effects vary with wavelength. The energy fowaves
(like any form of energy) can be changed into other érms
of energy. (Page 92)



A student who meets the content standard should understand how the Earth changes
because of plate tectonics earthquakes, volcanoes erosion and deposition, and living
things (Processes that Shape the Earth).

Students explain short-term and long-term transfrmations of the Earth’s surface, including those caused by living things

and human intervention.

Students tale a field trip to a river bank, ocean beach, or other area affected by a recent storm; observe
examine and record the damage d a storm; discuss changes to habitats; discuss how changes in plant,
animal, and human activity in the area increased or decreased these changes

Students investigate the effects ban oil spill; predict long-term environmental changes

Earth systems have internal and &ternal sources d energy,
both of which create heat. The sun is the major gternal
source o energy. Two primary sources d internal energy
are the decay d radioactive isotopes and the gravitational
energy from the Earth$ original ormation. (Page 189)

The outward transfer d Earth’s internal heat drives
convection circulation in the mantle which propels the
plates comprising Earths surface across the fice of the
globe. (Page 189)

Heating o Earth’s surface and atmosphere by the sun drives
convection within the atmosphere and oceansproducing
winds and ocean currents (Page 189)

The Earth is a system containing essentially a fied amount
of each stable chemical atom or element. Each element
can exist in several different chemical reservoirsEach
element on Earth moves among reservoirs in the solid Earth,
oceans, atmosphere, and organisms as part d geochemical
cycles (Page 189)

Movement o matter between reservoirs is driven by the
Earth’s internal and external sources d energy. These
movements are dten accompanied by a change in the
physical and chemical properties dthe matter. Carbon, for

example, occurs in carbonate rock such as limestong in
the atmosphere as carbon diaide gas, in water as dissolved
carbon diaide, and in all organisms as comple molecules
that control the chemistry 6 life. (Page 189)

Geologic time can be estimated by observing rock sequences
and using fossils to correlate the sequences at various
locations Current methods includes using the known decay
rates of radioactive isotopes present in rock to measure
the time since the rock was édrmed. (Page 189)

Interactions among the solid Earth, the oceans the

atmosphere, and organisms have resulted in the ongoing
evolution d the Earth system. W\ can observe some changes
such as earthquakes and volcanic eruptions on a human
time scale, but many processes such as mountain building
and plate movements tale place over hundreds & millions

of years. (Page 189)

The formation, weathering, sedimentation, and refrmation
of rock constitute a continuing “rock cycle” in which the
total amount of material stays the same as its brms change
(Page 74)

The slow movement d material within the Earth results
from heat flowing out from the deep interior and the action



of gravitational brces on regions ¢ different density. (Rage
74)

The solid crust d the Earth—including both the continents
and the ocean basins—consist 6 separate plate that ride
on a denser, hot, gradually debrmable layer o the Earth.
The crust sections move very slowlypressing against one
another in some places pulling apart in other places Ocean
floor plates may slide under continental platessinking deep
into the Earth. The surfce layers of these plates may bld,
forming mountain ranges (Page 74)

Earthquakes often occur along the boundaries between
colliding plates and molten rock from below creates pressure
that is released by volcanic eruptionshelping to build up
mountains. Under the ocean basing molten rock may well

up between separating plates to create new ocean floor
Volcanic activity along the ocean floor maydrm undersea

mountains, which can thrust above the ocears surface to

become islands (Page 74)



Alaska Science
evela & Key Element A8a

A student who meets the content standard should understand the scientific principles
and models that describe the nature 6 physical, chemical, and nuclear reactions (Energy
Transformations).

Performance Standard Level 4, Ages 15-18

Students explain how the absorption or emission b energy is related to physical, chemical, and nuclear reactions and
explains how these reactions can be quantitatively accountedf in terms of changes in arrangements @ neutrons, protons,
electrons atoms or molecules

Sample Assessment lIdeas

e Students perbrm flame tests on Li, Na, Ba, and Cu salts; aplain the observations in terms b photon
emissions and energetics

e Students write balanced equations to accountdr the rearrangement d atoms in chemical reactions
(NOTE: teacher provides lists 6 reactants and products)

e Students write balanced equations to accountdr the rearrangement d neutrons protons, and electrons
in nuclear reactions such as radioactive decgyuranium fission, and hydrogen or helium fusion. (NUTE:
teacher provides lists & reactants and products)

Expanded Sample Assessment Idea

e Students perbrm a standard calorimetry experiment to show that the energy release when an acid is méxl
with a base depends on the @act amounts of acid and base reacted.

Materials 3. Rapidly pour both solutions into cup; attach cup

" solutions o 1M HCl and 1M NaOH covering; insert thermometer into opening in cup
) covering; measure temperature as a function btime;
'] styrofoam cup, acovering br the top (“take-out” coffee record and plot data.

cups with lids
P ) 4. Compare results with other students in class who used

Ll thermometer different amounts d solutions
] stirrer (plastic) ) ..
Reflection and Revision

What data should be used to compare temperatures in
Procedure different experiments? How reproducible is thisxperiment?
NOTE: Proper safety procedures must be followed! How could the eperiment be changed to reduce the
variability? What is the pattern between volumesfsolution
used and highest temperature reached? How can the
1. Measure amounts of acid and base solutions (different experiment be changed to standardize this data? Write the
students in class use different amounts). chemical equation br this reaction. What does the data
2. Measure temperature d both solutions—equilibrate at tell about the reaction between and acid and a base?
room temperature)

'] graduated cylinders or burettes

Students will:
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Stage 4  Student work is complete correct and shows
detailed evidence d understanding the
distinction between temperaturg heat and the
measurement of heat emitted from a chemical
reaction. Measurements and observations are
detailed and interpreted with logical reasoning.
Discussion indicates understanding b the
principle that the energy emitted in a chemical
reaction is proportional to amount 6 reaction
occurring and the need to establish correct ratios
based on volumes and concentrations b the

reactants.

Stage 3 Student work is mostly complete and shows some
evidence o understanding the distinction
between temperature heat and the measurement
of heat emitted from a chemical reaction.

Measurements and observations are interpreted

The nuclear forces that hold the nucleus §an atom together
at nuclear distances are usually stronger than the electric
forces that would male it fly apart. Nuclear reactions convert
a fraction of the mass of interacting particles into energy
and they can release much greater amounts 6energy than
atomic interactions Fission is the splitting 6a large nucleus
into smaller pieces Fusion is the joining & two nuclei at
extremely high temperature and pressurgand is the process
responsible br the energy d the sun and other stars (Page
178)

Radioactive isotopes are unstable and undergo spontaneous
nuclear reactions emitting particles and/or wavelik
radiation. The decay d any one nucleus cannot be predicted,
but a large group d identical nuclei decay at a predictable
rate. This predictability can be used to estimate the agefo
materials that contain radioactive isotopes(Page 178)

Chemical reactions occur all around usfor example in health
care, cooking. cosmetics and automobiles. Complex
chemical reactions involving carbon-based molecules tek
place constantly in every cell in our bodies(Page 179)

Chemical reactions may release or consume energy. Some
reactions such as the burning éssil fuels release large
amounts of energy by losing heat and by emitting light.
Light can initiate many chemical reactions such as
photosynthesis and the evolution b urban smog. (Page

179)

A large number d important reactions involve the transfer
of either electrons («idation/reduction reactions) or
hydrogen ions (acid/base reactions) between reacting ions
molecules or atoms. In other reactions chemical bonds

with logical reasoning. Discussion indicates
understanding d the principle that energy
emitted in a chemical reaction is proportional
to the amount of reaction occurring.

Stage 2  Student work may be incomplete and shows
limited understanding & distinction between
temperature, heat or the measurement d heat

emitted from a chemical reaction. Measurements
and observations lack detail and the
interpretation and discussion may show errors

of reasoning.

Stage 1  Student work is mostly incomplete and contains
misconceptions relating to temperature heat
and the measurement d heat emitted from a
chemical reaction. Measurements observations
interpretations and discussion, if present, are

minimal, and show a lack d scientific reasoning.

are broken by heat or light to 6rm very reactive radicals
with electrons ready to érm new bonds Radical reactions
control many processes such as the presence foozone and

greenhouse gases in the atmosphergburning and processing
of fossil fuels the formation of polymers, and explosions

(Page 179)

Chemical reactions can tale place in time periods ranging
from the few femptoseconds (10-15 seconds) required dr

an atom to move a fraction d a chemical bond distance to
geologic time scales & billions o years. Reaction rates

depend on how dten the reacting atoms and molecules
encounter one anothey on the temperature and on the

properties—including shape—bthe reacting species (Page

179)

Catalysts, such as metal surfaces, accelerate chemical

reactions Chemical reactions in living systems are catalyzed
by protein molecules called enzymes (Page 179)

The total energy d the universe is constant. Energy can be
transferred by collisions in chemical and nuclear reactions
by light waves and other radiations and in many other

ways. However, it can never be destroyed. A these transfers

occur, the matter involved becomes steadily less ordered.
(Page 180)

Atoms often join with one another in various combinations
in distinct molecules or in repeating three-dimensional
crystal patterns An enormous variety d biological,
chemical, and physical phenomena can be gplained by
changes in the arrangement and motion 6 atoms and
molecules (Page 80)



The configuration ¢ atoms in a molecule determines the
molecule’s properties Shapes are particularly important in
how large molecules interact with others(Page 80)

The rate of reactions among atoms and molecules depends
on how dften they encounter one anotherwhich is affected
by the concentration, pressurg and temperature o the

reacting materials Some atoms and molecules are highly
effective in encouraging the interaction foothers. (Page

80)

Different energy levels are associated with different
configurations d atoms and molecules Some changes o

configuration require an input & energy whereas others
release energy. (Page 86)

When energy d an isolated atom or molecule changes it
does so in a definite jump from one value to anothemwith
no possible values in between. The change in energy occurs
when radiation is absorbed or emitted, so the radiation
also has distinct energy valuesAs a result, the light emitted
or absorbed by separate atoms or molecules (as in gas) can
be used to identify what the substance is(Page 86)

Energy is released whenever the nucleifovery heavy atoms
such as uranium or plutonium, split into middle weight
ones, or when very light nuclei, such as those bhydrogen
and helium, combine into heavier onesThe energy released
in each nuclear reaction is very much greater than the energy
given df in each chemical reaction. (Rge 86)






Alaska Science
Level 2 & Key Element A8b

A student who meets the content standard should understand the scientific principles
and models that state whenever energy is reduced in one plagét is increased somewhere
else by the same amount (Energy Fansformations).

Performance Standard Level 4, Ages 15-18

Students measure energy transfers that ta& place around them and use the data to gamine The Law of Conservation d
Energy.

Sample Assessment Ideas

e Students burn a candle or lerosene and measure the energy transferred to a measured amount fowater;
describe the relationship between energy in water and the fuel burned; identify all energy losses that
oCCur.

e Students draw a diagram describing how photosynthesis in plants stores energy from the sun in the
chemical bonds d sugars; identify energy losses to the environment.

Expanded Sample Assessment Idea

e Students trace the flow & energy from a ©od source to its final 6rm; make calorimetry measurements to
support these ideas

Procedure Levels of Performance
Students will: Stage 4  Student work is complete correct, and shows
1. Choose 3 foods from their daily diet that they will use | =& ===  detailed evidence 6 knowledge related to bod
in calorimetry experiments (at least one bod item energy, energy transfer and the Law d
should be an oily fatty food.) Conservation d Energy. Poster or model includes

three foods, their calorie content; data and

Research the calorie content 6 the foods. calculations using appropriate units from

3. Perform standard calorimetry &periments burning a calorimetry experiment, and a detailed error
measured amount of one food to heat a measured analysis that includes modification to
amount of water. experimental design.

4. Complete the calculations to determine energy content|  Stage 3  Student work is mostly complete correct, and
of food; identify corrections dr energy losses ~+-  shows evidence ¢ knowledge related to bod

5. Create a poster or model that traces energy inputs ~— energy and energy transfers but may contain
beginning with solar energy sourceand showing all minor errors or omissions Poster or model
energy conservations includes three bods, their calorie content; data

and calculations from calorimetry &periment
Reflection and Revision that may be represented without appropriate

units, and a discussion d experimental error

Create poster or model to display energy irdrmation. .
P Play gy and how to reduce «perimental errors

Include an error analysis—what are the sources berror?
How can the experimental design be modified to
significantly reduce the energy loss?
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Stage 2 Student work may be incomplete and show
limited evidence & knowledge related to 6od
energy or energy transfers Poster or model may
show evidence d skilled craftsmanship but
contain limited inbrmation related to bod
types, calorie content, and the calorimetry

experiment.

The total energy d the universe is constant. Energy can be
transferred by collisions in chemical and nuclear reactions
by light waves and other radiations and in many other

ways. However, it can never be destroyed. A these transfers

occur, the matter involved becomes steadily less ordered.
(Page 180)

All energy can be considered to be either kinetic energy
which is the energy & motion; potential energy which
depends on relative position; or energy contained by a field,
such as electromagnetic waves (Page 180)

Waves, including sound and seismic waveswaves on water,
and light waves have energy and can transfer energy when
they interact with matter (Page 180)

Each kind of atom or molecule can gain or lose energy only
in particular discrete amounts and thus can absorb and
emit light only at wavelengths corresponding to these
amounts. These wavelengths can be used to identify the
substance (Page 180)

Stage 1

Student work is mostly incompletg incorrect,
shows evidence d major misconceptions relating
to energy and energy transfers

Whenever the amount d energy in one place or érm
diminishes the amount in other places or rms increases
by the same amount. (Page 86)

Transformations of energy usually produce some energy in
the form of heat, which spreads around by radiation or
conduction into cooler placesAlthough just as much total
energy remains its being spread out more evenly means
less can be done with it. (Rge 86)



Alaska Science
Key Element A8c

A student who meets the content standard should understand the scientific principles
and models that state that whenever there is a trangfrmation of energy, some energy is
spent in ways that male it unavailable for use (Energy Transformations).

Level 4

Performance Standard Level 4, Ages 15-18

Students explain entropy and its affect on energy availability.

Sample Assessment ldeas

e “Itis easier to mess things up than to put them in ordef This is often used as a way to show the idea ¢
entropy as something happening in all the environment. Choose three@mples from your home or community
that seem to demonstrate this quote and gplain why they do so.

e Students draw posters or diagrams and use them to xplain all the energy and entropy changes happening
in a snowmobilg including within the engingand why all the energy from burning the fuel in the engine
doesn’t go into driving the snowmobiledirward. What is becoming less ordered as the snowmobile operates?

Expanded Sample Assessment ldea

e Students observe the 6llowing changes themselves or as demonstrationsand explain why they happen
with special reference to energy and entropy changes

Procedure 5. Use the model as part d an oral presentation on what

Students will: happens.

1. Observe systems bebre and after a change has occurred. | Reflection and Revision

Suggested systems include: . -
g9 y Find one clear example of a similar change that demonstrates

= Leave a saturated sugar solution on the window | g entropy effect in the community/environment and create

ledge; sugar crystals appear in a while a poster to explain this to a parent group.
= Stir solid ammonium thiocyanate crystals with
barium hydraxide crystals Levels of Performance
< Hit a small rubber ball many times against a wall Stage 4  Student work is complete and shows clear
causes the ball to heat up. s - understanding d kinetic and positional energy
s

(entropy) and how these relate to processes and
change. Measurements, data, observations and
inferences are detailed and accurateAn accurate
model and poster are created, and used to

«  Mix ammonium sulfate crystals and water

- Activate a drug store or athletic department ¢old
pack” or “hot pack”

Carefully record observations effectively eplain energy and entropy

Measure heat effects using a thermometer (bedre and interactions

after); record and tabulate results Stage 3  Student work is mostly complete and shows
4. Build models to demonstrate what happens in the = understanding d kinetic and positional energy

change. - (entropy) and how these relate to processes and

change. Measurements, data, observations and
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inferences are appropriate although they may
contain minor errors or omissionsA reasonable
model and poster are created, and used to
describe energy and entropy interactions

Student work may be incomplete and shows
limited understanding & kinetic or positional
energy (entropy) or how they relate to processes
and change Measurements data, observations
and inferences are incomplete incorrect or lack

Stage 2

Heat consists d random motion and the vibrations éatoms,
molecules and ions. The higher the temperature the greater
the atomic or molecular motion. (Rge 180)

The total energy d the Universe is constant. Energy can be
transferred by collisions in chemical and nuclear reactions
by light waves and other radiations and in many other
ways. However, it can never be destroyed. A these transfers
occur, the matter involved becomes steadily less ordered.
(Page 180)

Everything tends to become less organized and less orderly
over time Thus, in all energy transfers the overall effect is
that the energy is spread out uniérmly. Examples are the
transfer of energy from hotter to cooler objects by
conduction, radiation, or convection and the warming fo
our surroundings when we burn fuels (Page 180)

detail and logical reasoning. Model and poster
may show evidence d skilled craftsmanship but
cannot be used to describe energy interactions

Stage 1  Student work is mostly incomplete and shows
little or no understanding & energy or entropy.
Data and observations are incomplete or
incorrectly recorded. Model and poster may show
evidence o skilled craftsmanship but are

inaccurate and do not support &planations

Heat energy in a material consists 6the disordered motions
of its atoms or molecules In any interactions d atoms or

molecules the statistical odds are that they will end up
with less order than they began—that is with the heat

energy spread out more evenly. With large numbersfaatoms

and molecules the greater disorder is almost certain. (Bge

86)

Transformations of energy usually produce some energy in
the form of heat, which spreads around by radiation or
conduction into cooler placesAlthough just as much total
energy remains its being spread out more evenly means
less can be done with it. (Rge 86)



A student who meets the content standard should understand the transfers and
transformations of matter and energy that link living things and their physical environment
from molecules to ecosystems (Flow & Matter and Energy).

Students describe the relationship between energy and matter in a biological system.

Students use different colored lights to grow elodea; count bubbles; draw conclusions

Students create a poster that compares the calorie contentfaequal masses of protein, carbohydrate and
lipid; discuss efficient energy storage mechanisms in a varietyf @lant and animal organisms

Students explain biomass conversions that tak place in a simple bod chain. (For example, sunlight to

plants, plants to micg mice to snales.)

Plant cells contain chloroplaststhe site o photosynthesis
Plants and many microorganisms use solar energy to combine
molecules o carbon diaide and water into compla, energy
rich organic compounds and release ®@ygen to the
environment. This process & photosynthesis provides a vital
connection between the sun and the energy needsfdiving
systems. (Page 184)

The atoms and molecules on Earth cycle among the living
and non-living components b the biosphere (Page 186)

Energy flows through ecosystems in one direction, from
photosynthetic organisms to herbivores to carnivores and
decomposers (Page 186)

All matter tends toward more disorganized statesLiving
systems require a continuous input & energy to maintain
their chemical and physical organizationsWith death, and
the cessation d energy input, living systems rapidly
disintegrate (Page 186)

The energy br life primarily derives from the sun. Plants
capture energy by absorbing light and using it tafm strong
(covalent) chemical bonds between the atoms b carbon-
containing (organic) molecules These molecules can be

used to assemble larger molecules with biological activity
(including proteins DNA, sugars, and fats). In addition,
the energy stored in bonds between the atoms (chemical
energy) can be used as sources & energy for life processes
(Page 186)

The chemical bonds & food molecules contain energy. Energy
is released when the bonds & food molecules are brolen
and new compounds with lower energy bonds aredrmed.
Cells usually store this energy temporarily in phosphate
bonds of a small high-energy compound called 7. (Page
186)

The distribution and abundance ¢ organisms and
populations in ecosystems are limited by the availability
of matter and energy and by the ability d the ecosystem
to recycle materials (Page 186)

As matter and energy flows through different levels fo
organization o living systems—cells organs, organisms,
communities-and between living systems and the physical
environment, chemical elements are recombined in different
ways. Each recombination results in storage and dissipation
of energy into the environment as heat. Matter and energy
are conserved in each change (Page 186)



At times, environmental conditions are such that plants
and marine organisms grow &ster than decomposers can
recycle them back to the environment. Layers foenergy-
rich organic material have been gradually turned into great
coal beds and oil pools by the pressure bthe overlying
earth. By burning these bssil fuels people are passing
most of the stored energy back into the environment as
heat and releasing large amounts & carbon diaide. (Page
121)

The amount of life any environment can support is limited
by the available energy water, oxygen, and minerals and

by the ability d ecosystems to recycle the residue bdead
organic materials Human activities and technology can
change the flow and reduce the fertility bthe land. (Page
121)

The chemical elements that mak up the molecules d living
things pass through 6od webs and are combined and
recombined in different ways At each link in a Hod web,
some energy is stored in newly made structures but much
is dissipated into the environment as heat. Continual input
of energy from sunlight keps the process going. (Rge
121)



_ Alaska Science
evel 2 @ Key Element A10

A student who meets the content standard should understand that living things are
made up mostly of cells and that all life processes occur in cells (Cells).

Performance Standard Level 4, Ages 15-18

Students identify structure-function relationships at the subcellujarellular, tissue, organ, and organism levels & organization.

Sample Assessment Ideas

e Students correctly identify basic cell organelles using sampled @repared cells from plants and animals;
describe the function & basic cell organelles

e Students research protective responses that plants display against herbivoresxagine the physical and
chemical properties & these defensive adaptations

Expanded Sample Assessment ldea

e Students dissect a plant that grows and survives in the northern Alaslenvironment; identify environmental
adaptations at the organism, tissug and cellular level.

Procedure Reflection and Revision
Students will: What other location would require such plant adaptations?

1. Draw the original plant including an image made from
examination with a magnifying lens; label all structures Level of Performance
and the epidermal covering 6 the plant, including the Stage 4  Student work clearly and accurately gplains how
covering d stems, roots, and leaves. " cell, tissug and organ level adaptations help
an organism survive in its environment. The
structure-function relationship b specialized
cells, tissues, and organs are each described in
detail.

Stage 3  Student work accurately &plains how cell,

. . . -+ tissue, and organ level adaptations help an
4. Discuss cellular adaptations to environmental —

diti h s ¢ a tropical plant diff - OFganism survive in is environment. Some
condiions (_eg. ow cells @ a tropical plant dutter structure-function relationships b specialized
from an arctic plant.)

cells, tissues, and organs are described.

2. Prepare samples for microscopic observation; view under
low and high power magnification; draw and label.

3. Collect inbrmation about the shape and function &
specialized cells tissues, and organs needed to endure
cold temperatures high winds frozen and scarce water

Stage 2  Student work attempts to describe cellstissues,

- OF 0rgans in one or more organisms but
descriptions d structure-function relationships
are incomplete incorrect, and may contain errors
of science fict and reasoning.

Stage 1  Student work is largely incompletg incorrect,
-+ and contain errors d science fct and reasoning.
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Cells have particular structures that underlie their functions
Every cell is surrounded by a membrane that separates it
from the outside world. Inside the cell is a concentrated
mixture of thousands of different molecules which érm a
variety of specialized structures that carry out such cell
functions as energy production, transport © molecules
waste disposal, synthesis & new molecules and the storage
of genetic material. (Fage 184)

Most cell functions involve chemical reactionsFood
molecules talen into cells react to provide the chemical
constituents needed to synthesize other moleculesBoth
breakdown and synthesis are made possible by a large set
of protein catalysts called enzymes The breakdown of some
of the food molecules enables the cell to store energy in
specific chemicals that are used to carry out the many
functions o the cell. (Page 184)

Cells store and use inbrmation to guide their functions
The genetic inbrmation stored in DNA is used to direct the
synthesis o the thousands o proteins that each cell
requires. (Page 184)

Cell functions are regulated. Regulation occurs both through
changes in the activity 6 the functions perbrmed by
proteins and through the selective xpression d individual
genes. This regulation allows cells to respond to their
environment and to control and coordinate cell growth and
division. (Page 184)

Plant cells contain chloroplaststhe site df photosynthesis
Plants and many microorganisms use solar energy to combine
molecules o carbon diakide and water into compla, energy
rich organic compounds and release @ygen to the
environment. This process & photosynthesis provides a vital
connection between the sun and the energy needsfdiving
systems. (Page 184)

Cells can differentiate and complex multicellular organisms
are formed as a highly organized arrangement &
differentiated cells In the development d these
multicellular organisms the progeny from a single cell drm
an embryo in which the cells multiply and differentiate to
form the many specialized cells tissues, and organs that
comprise the final organism. This differentiation is regulated
through the epression d different genes (Page 184)

Multicellular animals have nervous systems that generate
behavior. Nervous systems are brmed from specialized cells
that conduct signals rapidly through the long cellxensions

that make up nerves The nerve cells communicate with
each other by secreting specific xcitatory and inhibitory
molecules In sense organs specialized cells detect light,
sound, and specific chemicals and enable animals to monitor

what is going on in the world around them. (Rge 187)

Every cell is covered by a membrane that controls what can
enter and leave the cell. In all but quite primitive cellsa
complex network d proteins provides organization and
shape and, for animal cells movement. (Page 113)

Within the cell are specialized parts dr the transport ¢
materials, energy capture and releasg protein building,
waste disposal, inbrmation feedback, and even movement.
In addition to these basic cellular functions common to all
cells, most cells in multicellular organisms pedrm some
special functions that others do not. (Bge 113)

The work o the cell is carried out by the many different
types of molecules it assembles mostly proteins Protein

molecules are long, usually 6lded chains made from 20
different kinds d amino-acid molecules The function d

each protein molecule depends on its specific sequencefo
amino acids and the shape the chain taks is a consequence
of attractions between the chairs parts. (Page 114)

The genetic inbrmation encoded in DNA molecules provides
instructions br assembling protein molecules The code
used is virtually the same 6r all life forms. Before a cell
divides the instructions are duplicated so that each bthe
two new cells gets all the necessary irdrmation for carrying
on. (Page 114)

Complex interactions among the different kinds omolecules
in the cell cause distinct cycles bactivities such as growth
and division. Cell behavior can also be affected by molecules
from other parts d the organism or even other organisms
(Page 114)

Gene mutation in a cell can result in uncontrolled cell
division called cancerExposure o cells to certain chemicals
and radiation increases mutations and thus increases the
chance o cancer. (Page 114)

Most cells function best within a narrow range ©
temperature and acidity. A very low temperatures reaction
rates are too slow High temperatures and/or &tremes of
acidity can irreversibly change the structurefanost protein
molecules Even small changes in acidity can alter the
molecules and how they interact. Both single cells and
multicellular organisms have molecules that help todep
the cells acidity within a narrow range (Page 114)

A living cell is composed 6 a small number of chemical
elements, mainly carbon, hydrogen, nitrogen, ®ygen,
phosphorous and sulfur. Carbon atoms can easily bond to
several other carbon atoms in chains and rings todrm
large and complex molecules (Page 114)



A student who meets the content standard should understand that similar features are
passed on by genes through reproduction (Heredity).

Students build a model to show how the structure foDNA affects the structure é proteins cells, and ultimately phenotypic

characteristics d the organism.

Students research and discuss the process bgene splicing beginning with the initial stepsfogene
identification; use this research to debate the ethicsfavhether or not human genes should be spliced into

species d plants and animals.

Students describe the difference between the DNAfoa large local animal and the DNA & a mosquito.

In all organisms, the instructions br specifying the
characteristics d the organism are carried in DNA, a large
polymer formed from subunits d four kinds (A, G, C, and

T). The chemical and structural properties  DNA explain

how the genetic inbrmation that underlies heredity is both
encoded in genes (as a string & molecular “letters”) and

replicated (by a templating mechanism). Each DNA molecule
in a cell forms a single chromosome (Page 185)

Most of the cells in a human contain two copies beach of
22 different chromosomes In addition, there is a pair @
chromosomes that determines sg: a female contains two X
chromosomes and a male contains one X and one Y
chromosome Transmission o genetic inbrmation to
offspring occurs through egg and sperm cells that contain
only one representative from each chromosome pairAn
egg and a sperm unite to 6rm a new individual. The fct
that the human body is brmed from cells that contain two
copies o each chromosome-and therefre two copies d
each gene—explains many features d human heredity, such
as how variations that are hidden in one generation can be
expressed in the net. (Page 185)

Changes in DNA (mutations) occur spontaneously at low
rates. Some of these changes male no difference to the
organism, whereas others can change cells and organisms

Only mutations in germ cells can create the variation that
changes an organisms$ offspring. (Page 185)

Some new gene combinations mak little difference some
can produce organisms with new and perhaps enhanced
capabilities and some can be deleterious (Page 108)

The sorting and recombination & genes in sexual
reproduction results in a great variety b possible gene
combinations from the dfspring o any two parents (Page
108)

The information passed from parents to dfspring is coded
in DNA molecules (Page 108)

Genes are segments ¢ DNA molecules Inserting, deleting,
or substituting DNA segments can alter genesAn altered
gene may be passed on to every cell that develops from it.
The resulting features may help, harm, or have little or no
effect on the dfspring’s success in its environment. (Bge
109)

Gene mutations can be caused by such things as radiation
and chemicals When they occur in s& cells the mutations
can be passed on to dfspring; if they occur in other cells
they can be passed on to descendant cells only. The
experiences an organism has during its lifetime can affect



its offspring only if the genes in its own secells are changed a single cell and thus have essentially identical genetic
by the experience (Page 109) instructions Different parts d the instructions are used in
different types d cells, influenced by the celk environment

The many body cells in an individual can be very different /
and past history. (Page 109)

from one another even though they are all descended from



A student who meets the content standard should distinguish the patternd similarity
and differences in the living world in order to understand the diversityf dife and
understand the theories that describe the importance fodiversity br species and

ecosystems (Diversity).

Students describe how diversity and genetic variability influence a species’ survival rate under changing

environmental conditions

e Students closely study the features b at least five samples d a local species harvested in season (dr
example, five seals); identify similarities and differences

e Students explain why diversity is important dr the health d ecosystems

e Students compare algae and land plants; identify divergence as well as similarity; discuss the effect that
adaptation has had on plant diversification and survival.

Students will:

Investigate energy production in algae and land plants

Use microscopes to compare the structures fboth
plants; draw and label diagrams d the structures and
identify the location & energy production.

Classify algae and land plants according to their
structures and energy production.

Identify environmental needs 6 algae and plants
including different structures and energy production.

Make an oral presentation to the class

As a group, discuss various algae species including
classification, cellular- and structural-adaptations;
discuss various land plant species including
classification (monocot vs dicot, gymnosperm vs

angiosperm), cellular and structural-adaptations;
discuss energy harnessing in algae vsland plants.

What specific structures must be observed to study energy
productions? Describe the biochemical, cellularand

structural adaptations d several algae and land plant

species.

Stage 4

Stage 3

Stage 2

Stage 1

Student work is complete and shows evidence
of logical reasoning. Diagrams are detailed,
correctly identify classification schemesof both
algae and land plants and include detailed
comparisons of cellular and structural
adaptations in both land and aquatic plants

Student work shows evidence blogical reasoning
but may contain minor errors or omissions
Diagrams correctly identify a classification
scheme for both algae and land plants and

compare some cellular or structural adaptations

Student work may be incomplete incorrect, and
may contain errors d science fict and reasoning.
Diagrams correctly identify algae and land plants
and develop a simple classification scheme

Student work is largely incompletg incorrect,
or contains evidence @& misconceptions related
to plants, plant classification, and plant
adaptation.



The great diversity & organisms is the result & more than
3.5 billion years d evolution which has filled every available
niche with life brms. (Page 185)

Biological classifications are based on how organisms are
related. Organisms are classified into a hierarchy fogroups
and subgroups based on similarities that reflect their
evolutionary relationships Species is the most fundamental
unit of classification. (Page 185)

The variation d organisms within a species increases the
likelihood that at least some members & the species will

survive under changed environmental conditionand a great

diversity d species increases the chance that at least some
living things will survive in theate of large changes in the
environment. (Page 105)

The degree d kinship between organisms or species can be
estimated from the similarity & their DNA sequences which
often closely matches their classification which is based
on anatomical similarities (Page 105)



_ Alaska Science
Level 2 @ Key Element A13

A student who meets the content standard should understand the theoryf matural
selection as an e&planation for evidence d changes in life brms over time (Evolution
and Natural Selection).

Performance Standard Level 4, Ages 15-18

Students use the theory é& natural selection to eplain changes in life 6rms over time

Sample Assessment ldeas

e Students watch a film about prehistoric time; retell the story using the theoryf matural selection and
plate tectonics

e Students describe a modern day #ample of evolutionary change such as antibiotic resistant bacteria,
rapidly mutating viruses pesticide-resistant insects or herbicide-resistant weeds

Expanded Sample Assessment ldea

e Students use inbrmation and evidence collected by scientists in the fieldf geology, physical anthropology
embryology molecular biology and evolutionary biology to support the theoryfochange over time; apply
the information to create a board game

Procedure Level of Performance

Students will: Stage 4  Board game incorporates six or more pieces ©

1. Assign role o geologist, physical anthropologist,| e =& Information from each content area, and shows
embryologist, molecular biologist and evolutionary extensive evidence 6 knowledge related to the
biologist to the members & their five-person team; theory of natural selection, evolution, and
each team member will become a subject-matterepert change over time Game includes detailed
in their field. instructions br how to play.

2. Collect inbrmation to support the statement: “The |  Stage 3 Board game incorporates bur or more pieces d
Earth and living organisms have changed over timé& = information from each content area, and shows

=== evidence d knowledge related to the theory
natural selection, evolution, and change over
time. Game includes most instructions dér how
to play.

3. Each team uses collected infrmation to create a board
game entitled: “The History & Earth and Life Forms”
that uses information collected in each subject matter
area. Teams play each game to determine if team

members understand each & the content areas Stage 2 B‘;srd gam: uses zt least two pbiecelj 6
: . — information from each content area, but shows
4. Regroup in subject matter apert groups; play each ™ limited evidence ¢ knowledge related to the

3? me to tzetirmme. aciuracy: mform;tlon related tg theory o natural selection, evolution, or change
elrlcctm en grea, traf: eac I?amel dr accuracy an over time Game includes limited instructions
completeness d content area knowledge for how to play.

Reflection and Revision Stage 1 Board game is incomplete and shows
-+ Mmisconceptions or little evidence b

understanding d natural selection, evolution,
or change over time L4-37

How could all teams have perérmed better during the
games?




Species evolve over time Evolution is the consequence 6
the interactions d (1) the potential for a species to increase
its numbers, (2) the genetic variability d offspring due to
mutation and recombination & genes, (3) a finite supply
of the resources required or life, and (4) the ensuing
selection by the environment bthose offspring better able
to survive and leave dfspring. [See Unifying Concepts and
Processes] (Page 185)

The great diversity & organisms is the result & more than
3.5 billion years d evolution that has filled every available
niche with life brms. (Page 185)

Natural selection and its evolutionary consequences provide
a scientific explanation for the fossil record d ancient life
forms, as well as for the striking molecular similarities
observed among the diverse species Dliving organisms
(Page 185)

The millions o different species d plants, animals, and
microorganisms that live on Earth today are related by
descent from common ancestors (Page 185)

Biological classifications are based on how organisms are
related. Organisms are classified into a hierarchy fogroups
and subgroups based on similarities which reflect their
evolutionary relationships Species is the most fundamental
unit of classification. (Page 185)

The basic idea d biological evolution is that the Eartls’
present-day species developed from earlierdistinctly
different species (Page 125)

Molecular evidence substantiates the anatomical evidence
for evolution and provides additional detail about the
sequence in which various lines b descent branched df
from one another (Page 125)

Natural selection provides the dllowing mechanism br
evolution: Some variation in heritable characteristicsxésts
within every species some of these characteristics give
individuals an advantage over others in surviving and

reproducing, and the advantaged &fspring, in turn, are
more likely than others to survive and reproduce The
proportion o individuals that have advantageous
characteristics will increase (Page. 125)

Heritable characteristics can be observed at molecular and
whole-organism levels-in structurechemistry or behavior
These characteristics strongly influence what capabilities
an organism will have and how it will react, and therefre
influence how lilely it is to survive and reproduce (Page
125)

New heritable characteristics can result from new
combinations d existing genes or from mutations 6 genes
in reproductive cells Changes in other cells & an organism
can not be passed on to the nat generation. (Page 125)

Natural selection leads to organisms that are well suited
for survival in particular environmentsChanges alone can

result in the persistence & some heritable characteristics
having no survival or reproductive advantage or
disadvantage for the organism. When an environment
changes, the survival value d some inherited characteristics
may change. (Page 125)

The theory o natural selection provides a scientific
explanation for the history d life on Earth as depicted in
the fossil record and in the similarities evident within the
diversity d existing organisms (Page 125)

Life on Earth is thought to have begun as simple one-
celled organisms about 4 billion years ago. During the first
2 billion years only single-cell microorganismsxsted, but
once cells with nuclei developed about a billion years ago,
increasingly compl& multi-cellular organisms evolved. (Bge
125)

Evolution builds on what already #ists, so the more variety
there is, the more there can be in the future But evolution
does not necessitate long-term progress in some set
direction. Evolutionary changes appear to be likthe growth
of a bush: some branches survive from the beginning with
little or no change many die out altogether and others
branch repeatedly sometimes giving rise to more compbe
organisms. (Page 125)



. Alaska Science
revel 2 @ Key Element Al4a

A student who meets the content standard should understand the interdependence between
living things and their environments (Interdependence).

Performance Standard Level 4, Ages 15-18

Students classify living organisms based on inter- and intra-community relationshjpand describe how organisms and
groups of organisms affect the environment.

Sample Assessment lIdeas

e Students prepare a written report on an assigned plant or animal including how it affects the ecosystem in
which it lives

e Students report on the ways that plants disperse their seeds and the effectf seed dispersal on ecological
succession.

Expanded Sample Assessment ldea

e Students investigate environmental problems caused by the introductionf mon-indigenous plants or
animals into an ecosystem.

Procedure exogenous organisms affects the environment.
The report explains in detail the chain 6 events

Students will: . . . .
) ) ) ) ) leading to the environmental problem including
1. Dlsc_uss V\{Ith Elder_s an_d collect irdrmation regarding species competition, animal behavigrand plant
the identity and historical aspects bexogenous plants growth and development. The report shows
or animals that have been introduced into their locale detailed evidence d transfer and extension &
2. Produce a report describing the effects b the knowledge in a multi-aceted discussion d
introduction and how it has modified the local natural invasion vs human-mediated invasion
environment. of exogenous species

Stage 3  Student work shows evidence & logical

Reflection and Revision ===  reasoning, but may contain minor errors or

Discuss the growth constraints and the limitations fothe == Omissions The investigation and written report
introduced species in the new environment. Discuss positive show evidence d knowledge related to inter-
and negative effects ¢ introduction d exogenous species; and intra-community relationshipsand how the
discuss natural invasion vs human-mediated invasion @ introduction d exogenous organisms affects the
exogenous species environment. The report &plains the chain d
events leading to the environmental problem
Level of Performance some aspects df species competition, animal
Stage 4  Student work is complete and shows evidence behavior and development, or plant growth and
- -  of logical reasoning. The investigation and development. The report also shows evidence
T written report show atensive evidence 4 of transfer and extension d knowledge in a
knowledge related to inter- and intra-community discussion o natural invasion vs human-
relationships; and how the introduction f mediated invasion d exogenous species

L4-39



Stage 2 Student work is incomplete or contains errors
of science fct and reasoning. The investigation
and written report show limited evidence fo
knowledge related to environmental problems
associated with the introduction & non-
indigenous organisms or the impact 6 human-

mediated invasion vs natural invasion.

Organisms both cooperate and compete in ecosystemsThe
interrelationships and interdependenciesfothese organisms
may generate ecosystems that are stable dr hundreds or
thousands of years. (Page 186)

Living organisms have the capacity to produce populations
of infinite size but environments and resources are finite
This fundamental tension has prdound effects on the
interactions between organisms (Page 186)

Human beings live within the world ecosystems

Increasingly humans modify ecosystems as a result &

population growth, technology and consumption. Human
destruction d habitats through direct harvesting, pollution,
atmospheric changes and other factors is threatening
current global stability and if not addressed, ecosystems
will be irreversibly affected. (Rge 186)

The distribution and abundance & organisms and
populations in ecosystems are limited by the availability
of matter and energy and the ability o the ecosystem to
recycle materials (Page 186)

Human populations use resources in the environment in
order to maintain and improve their gistence Natural
resources have been and will continue to be used to maintain
human populations (Page 198)

The Earth does not have infinite resources; increasing human
consumption places severe stress on the natural processes
that renew some resources and it depletes those resources
that can not be renewed. (Rige 198)

Humans use many natural systems as resources Natural
systems have the capacity to reuse wastgbut that capacity
is limited. Natural systems can change to an etent that
exceeds the limits d organisms to adapt naturally or humans
to adapt technologically. (Rge 198)

Stage 1  Student work is largely incompletgand contains
misconceptions regarding non-indigenous

organisms and the environment.

Ecosystems can be reasonably stable over hundreds fo
thousands of years. As any population d organisms grows
it is held in check by one or more environmentalattors:
depletion d food or nesting sites increased loss to increased
numbers of predators, and disease or parasites If a disaster
such as a flood or fire occurs the damaged ecosystem is
likely to recover in stages that eventually result in a system
similar to the original one (Page 117)

Like many complex systems ecosystems tend to have cyclic
fluctuations around a state d rough equilibrium. In the

long run, however ecosystems always change when climate
changes or when one or more new species appear as a result
of migration or local evolution. (Rge 117)

Human beings are part d the Earth’s ecosystems Human
activities can, deliberately or inadvertentlyalter the
equilibrium in ecosystems (Page 117)



A student who meets the content standard should understand that the living environment
consists d individuals populations and communities (Interdependence).

Students describe plant and animal population interactions within various communities and biomes

Students tour a local ecosystem and write a descriptionfothe major components d that ecosystem.

Students study the population cycles bwillows and moose on Isle Royale

Students identify a community and create an inventory fothe plant and animal species

Students will:

1.

Choose a small, well-defined outdoor area and mag

an inventory d all the plants and animals they find

using identification booklets and ecological survey
counting techniques

Work separately in their own areas then compile the
class results

Determine the type & community; describe its general
characteristics; identify similarities and differences
between the area d class study and other communities
of the same type

Stage 3

Discuss the accuracy @ the survey methods Suggest how
plant and animal population interactions may differ in an
aquatic vs. terrestrial environment, a marine vsfreshwater
environment, a natural vs man-made (zoo or farm)
environment. Discuss how the components work together
to create the ecosystem.

Stage 4

Student work is complete shows extensive Stage 2

evidence o knowledge o plant and animal
interactions within biomes and evidence
logical reasoning. Student inventory includes:

a list of most plant and animal species along
with correct identification and population
counts; a detailed description & the community
and comparison d this specific community to
the generalized biome type Student report shows
extensive transfer d knowledge and &tension

of knowledge in the detailed discussion Hhow

plant and animal interactions vary in different
biomes, as well as in man-made vs natural

environments

Student work shows evidence b knowledge d

plant and animal interactions within biomes as
well as logical reasoning but may contain minor
errors or omissions Student inventory includes:
a list of plant and animal species along with
identification and population counts that are
mostly correct; a description 6 the community

and comparison d this specific community to
the generalized biome type Student report shows
transfer of knowledge and extension of

knowledge in a discussion & how plant and

animal interactions vary in different biomesor

in man-made vs natural environments

Student work is incomplete shows limited
evidence d knowledge related to plant and
animal interactions or characteristics bbiomes
and may contain errors d science fact and



reasoning. Student inventory includes: a partial
listing d plant and animal species along with
some identification or population countsThe
inventory may lack a description é the
community or comparison d this specific
community to the generalized biome type A
discussion d plant and animal interactions and

Organisms both cooperate and compete in ecosystemsThe
interrelationships and interdependenciesfothese organisms
may generate ecosystems that are stable dr hundreds or
thousands of years. (Page 186)

Living organisms have the capacity to produce populations
of infinite size but environments and resources are finite
This fundamental tension has prdound effects on the
interactions between organisms (Page 186)

Populations grow or decline through the combined effects
of births and deaths and through emigration and

immigration. Populations can increase through linear or
exponential growth, with effects on resource use and
environmental pollution. (Rge 198)

Populations can reach limits to growth. Carrying capacity

different man-made or natural biomes may be
absent.

Stage 1  Student work is largely incompletgshows little
evidence d understanding and may contain
major misconceptions related to plant and

animal interactions and biomes

is the maximum number d individuals that can be supported
in a given environment. The limitation is not the availability
of space, but the number o people in relation to resources
and the capacity d Earth systems to support human beings
Changes in technology can cause significant change®ither
positive or negative in carrying capacity. (Rige 198)

Ecosystems can be reasonably stable over hundreds fo
thousands of years. As any population d organisms grows
it is held in check by one or more environmentalattors:
depletion d food or nesting sites increased loss to increased
numbers of predators, or parasites. If a disaster such as a
flood or fire occurs the damaged ecosystem is likly to
recover in stages that eventually result in a system similar
to the original one (Page 117)



A student who meets the content standard should understand that a small change in a
portion o an environment may affect the entire environment (Interdependence).

Students describe the health 6 a local ecosystem using the parameters &population size species diversity and productivity.

Students investigate changes in caribou population, health, and breeding grounds associated with the
development d the oil industry on the North Slope b Alaska.

Students investigate the historic biomass a local salmon stock by comparing data from local oral
histories with local, state and federal agency data; estimate the overall health bthat stock; discuss the
value of using data from more than one source

Living organisms have the capacity to produce populations
of infinite size but environments and resources are finite
This fundamental tension has prdound effects on the
interactions between organisms (Page 186)

Organisms have behavioral responses to internal changes
and to external stimuli. Responses to gternal stimuli can

result from interactions with the organism’ own species

and others, as well as environmental changes; these
responses either can be innate or learned. The broad patterns
of behavior exhibited by animals have evolved to ensure
reproductive success Animals often live in unpredictable
environments and so their behavior must be flgible enough

to deal with uncertainty and change Plants also respond

to stimuli. (Page 187)

Natural ecosystems provide an array 6 basic processes that
affect humans. Those processes include maintenance bthe
quality of the atmosphere generation d soils, control o
the hydrologic cycle disposal of wastes, and recycling d
nutrients. Humans are changing many d these basic
processes and the changes may be detrimental to humans
(Page 198)

Materials from human societies affect both physical and
chemical cycles d the Earth. (Page 198)

Many factors influence environmental quality. Factors that

students might investigate include population growth,
resource use population distribution, over-consumption,
the capacity d technology to solve problemspoverty, the
role of economiq political, and religious views and the
different ways humans view the Earth. (Rge 198)

Human activities can enhance potential dr hazards.
Acquisition d resources urban growth, and waste disposal
can accelerate rates d natural change (Page 199)

Ecosystems can be reasonably stable over hundreds fo
thousands of years. As any population d organisms grows
it is held in check by one or more environmentalattors:
depletion d food or nesting sites increased loss to increased
numbers of predators, and disease or parasites If a disaster
such as a flood or fire occurs the damaged ecosystem is
likely to recover in stages that eventually result in a system
similar to the original one (Page 117)

Like many complex systems ecosystems tend to have cyclic
fluctuations around a state d rough equilibrium. In the

long run, however ecosystems always change when climate
changes or when one or more new species appear as a result
of migration or local evolution. (Rge 117)

Human beings are part d the Earth’s ecosystems Human
activities can, deliberately or inadvertentlyalter the
equilibrium in ecosystems (Page 117)






A student who meets the content standard should use science to understand and describe
the local environment (Local Knowledge).

Students recommend a management strategy to solve a local environmental problem related to resource utilization such as
fish and game, building permits mineral rights and land use policies

Students explore the watershed management in their local area and recommend alternative strategies they
think would be beneficial 6r the local fish and wildlife

Students investigate the source  the communitys water and its waste disposal system; recommend
improvements beneficial to the local fish and wildlife

Students hypothesize which dctors should be considered to predict when Alask herring fisheries will
open. Factors include surfice water temperature weather, wind, tides roe percents projected age and so
on. Students will use Internet, printed reference material, and interviews with knowledgeable peaple

Students will:

1.

Collect samples d fish of specific ages; eamine fish

scales using a hand lens and a microscope; draw
observations; write a generalization that can be used
to determine the age d a fish using microscopic
observations d fish scales

Interview Elders local fishermen, and knowledgeable
outdoorsmen; discuss how they predict the arrival and
time of spawning. Questions should include: How did
they learn to look br these predicting signs? How close
do their predictions usually come to actual fishery
opening dates? What is the outcome when their
prediction dates are wrong? What kind 6 “window” of
correct prediction is important to them?

Form teams of 3—4 students with each team assigned
a herring fishery; based on fishery location, the group
decides which #&ctors play primary roles in predicting
the opening date d the fishery; each student on the
team becomes the subject-matter gpert for one or

more factors.

4. Use a variety of research resources to collect
information about the variables being studied, @r
example, Internet, Department d Fish and Game,
National Oceanographic and Aronautic Association
(NOAA) records, meteorological records and so on).

5. Based on research, each team will predict the herring
fishery opening.

6. Student predictions will be compared to actual
openings

Based on the results d their site teams modify their
hypothesis and fctors for subsequent fishery openings

Stage 4  Student research incorporates multiple sources
of information. Data collected is &tensive and
relevant to the conditions at the assigned fishery
site. Student’s work demonstrates etensive
evidence d knowledge related to environmental
problem solving.



Stage 3  Student research incorporates several sources
of information. Data collected is relevant to the
conditions at the assigned fishery siteStudent
work demonstrates some evidence bknowledge
related to environmental problem solving. Minor

misconceptions may be evident.

Student research uses limited sources
information. Data collected is relevant to the
conditions at the assigned fishery but lack
detail. Students work demonstrates limited

Stage 2

Organisms both cooperate and compete in ecosystemsThe
interrelationships and interdependenciesfathese organisms
may generate ecosystems that are stable ér hundreds or
thousands of years. (Page 186)

Living organisms have the capacity to produce populations
of infinite size but environments and resources are finite
This fundamental tension has prdound effects on the
interactions between organisms (Page 186)

Human beings live within the world ecosystems

Increasingly humans modify ecosystems as a result &

population growth, technology and consumption. Human
destruction d habitats through direct harvesting, pollution,
atmospheric changes and other factors is threatening
current global stability and if not addressed, ecosystems
will be irreversibly affected. (Rge 186)

Human populations use resources in the environment in
order to maintain and improve their gistence Natural
resources have been and will continue to be used to maintain
human populations (Page 198)

Humans use many natural systems as resources Natural
systems have the capacity to reuse wastgbut that capacity
is limited. Natural systems can change to an etent that
exceeds the limits d organisms to adapt naturally or humans
to adapt technologically. (Rge 198)

Natural ecosystems provide an array 6 basic processes that

evidence d knowledge related to environmental
problem solving. Student work may be
incomplete incorrect, lacking detail, or contain
errors of reasoning.

Stage 1  Students research may be on topigbut is limited
in scope. Data shows little or no evidence
relating to the assigned fishery site Students
work is largely incomplete incorrect, and may

show major misconceptions

affect humans. Those processes include maintenance bthe
quality of the atmosphere generation d soils, control o
the hydrologic cycle disposal of wastes, and recycling d
nutrients Humans are changing many d these basic
processes and the changes may be detrimental to humans
(Page 198)

Materials from human societies affect both physical and
chemical cycles d the Earth. (Page 198)

The variation d organisms within a species increases the
likelihood that at least some members & the species will

survive under changed environmental conditionsA great

diversity d species increases the chance that at least some
living things will survive in theate of large changes in the
environment. (Page 105)

Ecosystems can be reasonably stable over hundreds or
thousands of years. As any population d organisms grows
it is held in check by one or more environmentalattors:
depletion d food or nesting sites increased loss to increased
numbers of predators or parasites If a disaster such as
flood or fire occurs the damaged ecosystem is likly to
recover in stages that eventually result in a system similar
to the original one (Page 117)

Human beings are part d the Earth’s ecosystems Human
activities can, deliberately or inadvertentlyalter the
equilibrium in ecosystems (Page 117)



Mini-Unit: When Will the
Herring Fisheries Open?

content standard should
use science to understand
and describe the local
environment (Local
Knowledge).

Students recommend a management
strategy to solve a local problem
related to resource utilization such
as fish and game, building
permits, mineral rights. and
land use policies.

Additional Content and
Performance Standards:
A4, B3, D2, and D3.
Cultural Standards C2, C4,
and C6.

The opening d commercial fisheries is directly correlated to herring =aal
maturation, as measured by roe percent.

Herring maturation is correlated to several major environmentahétors,
including surfice water temperature weather, wind, tides roe percents
projected age and so on.

Microscopic e&amination of fish scales provides clues related to the age fofish.
Weather and tides affect the time & spawning.

Arithmetic skills include percent calculation and metric-to-American unit
conversions

One week in early spring to design and setup>periments bllowed by weekly
monitoring (about 1/2 hour per week) from mid-March to the end foschool.

Students design class research project that will investigate thadtors used to
estimate when Alaska herring fisheries will open. Each student on the team is
responsible br monitoring data related to the dctor or factors in which they become
subject matter experts. Each student team is responsible dr collecting inbrmation
and data relevant to a fishery within the state



Access to previous harvest Access to Internet inbrmation on
records including quantity and weather and herring fisheries
time of harvest, water

temperatures, age-class

outbreak of herring harvest,

and stock.

Collect samples d fish of specific ages; eamine fish scales using a hand lens and
microscope; draw your observations; write a generalization that can be used to
determine the age d a herring using microscopic observations foherring scales

Check for student understanding by gamining drawings and generalizations made
about the appearance d scales and age d the fish.

Interview Elders local fishermen, and knowledgeable outdoorsmen; discuss how
they predict the arrival @ herring and time d spawning. How did they learn to look
for these predicting signs? How close do their predictions usually come to actual
fishery opening dates? What is the outcome when their prediction dates are wrong?
What kind o “window” of correct prediction is important to them?

After consultations form teams of 3-4 students and assign a specific herring
factory to each. Based on the éctory location, the group decides whichattors will
play the primary role in predicting the opening datefothe fishery. Each student on
the team will become the subject-matter xpert for one or more fctors.

Use a variety d research resources to collect irfrmation about the variables being
studied (for example, Internet, Fish and Game Department, National Oceanographic
and Aeronautic Association (NQAA) records, meteorological records and so on).

Based on research each team will predict the herring fishery opening.

Each team will develop a list 6 factors they will use to estimate the openingdr
each fishery being considered. Each team member is responsibleof monitoring the
factor or factors which they are &pert in. Based on their &ctors they will monitor
statewide weather conditions to estimate the openingsfathe fisheries Student
predictions will be compared to actual openingsBased on the results @ their sitg
teams modify their hypothesis and dctors for subsequent fishery openings



Stage 4  Student research incorporates multiple sources foinformation. Data
collected is etensive and relevant to the conditions at the assigned
fishery site Student work demonstrates atensive evidence & knowledge
related to environmental problem solving.

Stage 3  Student research incorporates several sources foinformation. Data
collected is relevant to the conditions at the assigned fishery sit€tudent
work demonstrates some evidence b knowledge related to environmental
problem solving. Minor misconceptions may be evident.

Stage 2 Student research uses limited sources b information. Data collected is
relevant to the conditions at the assigned fisherybut lack detail. Students
work demonstrates limited evidence bknowledge related to environmental
problem solving. Student work may be incompleteincorrect, lacking
detail, or contain errors & reasoning.

Stage 1  Students research may be on topig¢ but is limited in scope Data shows
little or no evidence relating to the assigned fishery sit&tudents work is
largely incomplete incorrect, and may show major misconceptions

Organisms both cooperate and compete in ecosystemsThe interrelationships and
interdependencies & these organisms may generate ecosystems that are stableof
hundreds or thousands d years. (Page 186)

Living organisms have the capacity to produce populationsfanfinite size but
environments and resources are finiteThis fundamental tension has prdound effects
on the interactions between organisms(Page 186)

Human beings live within the world' ecosystems Increasingly humans modify
ecosystems as a result d population growth, technologyand consumption. Human
destruction d habitats through direct harvesting, pollution, atmospheric changes
and other factors is threatening current global stabilityand if not addressed,
ecosystems will be irreversibly affected. (®ye 186)

Human populations use resources in the environment in order to maintain and
improve their eistence Natural resources have been and will continue to be used to
maintain human populations (Page 198)

Humans use many natural systems as resources Natural systems have the capacity to
reuse waste, but that capacity is limited. Natural systems can change to anxent
that exceeds the limits ¢ organisms to adapt naturally or humans to adapt
technologically. (Rige 198)

Natural ecosystems provide an array & basic processes that affect humans Those
processes include maintenance 6 the quality of the atmosphere generation @ soils,
control d the hydrologic cycle disposal of wastes, and recycling d nutrients Humans
are changing many d these basic processes and the changes may be detrimental to
humans. (Page 198)

Materials from human societies affect both physical and chemical cyclesfdhe earth.
(Page 198)



The variation d organisms within a species increases the Iiihood that at least some
members of the species will survive under changed environmental conditiond great
diversity d species increases the chance that at least some living things will survive
in the face of large changes in the environment. (Bge 105)

Ecosystems can be reasonably stable over hundreds or thousandsfoyears. As any
population d organisms grows it is held in check by one or more environmental
factors: depletion d food or nesting sites increased loss to increased numbers b
predators, or parasites. If a disaster such as flood or fire occursthe damaged
ecosystem is lilely to recover in stages that eventually result in a system similar to
the original one (Page 117)

Human beings are part d the earths ecosystems Human activities can, deliberately
or inadvertently alter the equilibrium in ecosystems (Page 117)



A student who meets the content standard should understand basic concepts about the
Theory of Relativity which changed the view & the universe by uniting matter and
energy and by linking time with space (Relativity).

Students describe how studying radioactive decaynuclear fission, and fusion can provide evidence confirming the Lawfo
Conservation d Matter and Energy.

Students perbrm mass-energy calculations on nuclear reactions to show how the relativistic equation E =
mc? predicts how much energy is released in: a radioactive decay nuclear fission reaction & uranium,
and a nuclear fusion reaction ¢ a deuterium (H?) and tritium (H®) atom; explain what degree d accuracy

is required on the initial mass in order to complete such calculations

Students read “Relativity Visualized” by Lewis Carroll Epstein, (publisher—Insight Pres§an Francisco);
explain ONE of the ideas using diagram from the book.

Students will:

1.

Be instructed that it is a &ct that the Earth is flat.
Challenge them to prove that it is not. (See attached
lists for historical arguments 6r and against). As debate
slows also say that the Earth doesn’t turn. Continue to
stir up the debate The students should leave the room
debating each other and arrive in class the ne day
with a prodf that the Earth is round and spins

Be assigned one d the following people to research:
Ptolemy, Copernicus Galileo, Kepler, Newton, Tycho

Brache, Albert Einstein, Stephen Hawking, Neil
Armstrong, Sally Ride Use all research avenues
available, including Internet. Students should find out
the personal history d the scientist as well as the
major contributions to science and society.

Invite Elders to share belief and legends related to
topic.

Develop a timeling including the results & the previous
research. The timeline should include names and
important contributions tracing the development 6

Stage 4

the geocentric view to the heliocentric viewn the
development d the principles it is very important that
the societal contat of the era be emphasized.

Hold a mock trial d Galileo that includes Ptolemy
Copernicus Johannes Kepler, Tycho Brache Isaac
Newton, Albert Einstein, Stephen Hawking, Neil
Armstrong, and Sally Ride as witnesses“The Copernican
Revolution illustrates some & the strains that can occur
between science and society when science proposes
ideas that seem to violate common sense or to
undermine traditional values and belief. This part of
the story should be included but not presented as the
triumph of right over wrong or @ science over religion.”
(from Benchmarls, p. 240)

Student actively participates in mock trial and
demonstrates mastery d the historical-viewpoint
appropriate to his / her character or position
within the courtroom. Student work is correct,
complete and shows evidence & logical

reasoning.



Stage 3  Student actively participates in mock trial and
demonstrates knowledge & the historical-
viewpoint appropriate to his / her character or
position within the courtroom. Student work
shows evidence d logical reasoning but may

contain minor errors or omissions

Stage 2 Student reluctantly participates in mock trial and
demonstrates limited knowledge & the

historical-viewpoint appropriate to his / her

The nuclear forces that hold the nucleus §an atom together
at nuclear distances are usually stronger than the electric
forces that would male it fly apart. Nuclear reactions convert
a fraction of the mass of interacting particles into energy
and they can release much greater amounts 6energy than
atomic interactions Fission is the splitting 6a large nucleus
into smaller pieces Fusion is the joining & two nuclei at
extremely high temperature and pressurgand is the process
responsible br the energy d the sun and other stars (Page
178)

The total energy d the universe is constant. Energy can be
transferred by collisions in chemical and nuclear reactions
by light waves and other radiations and in many other
ways. However, it can never be destroyed. A these transfers
occur, the matter involved becomes steadily less ordered.
(Page 180)

Occasionally there are advances in sciencgand technology
that have important and long-lasting effects on science
and society. BExamples of such advances include the

following:
Copernican revolution Industrial revolution
Newtonian mechanics Molecular biology

Information and
communication

Relativity

Geologic time scale

Plate tectonics Quantam theory

Galactic universe

Medical and health
technology

Atomic theory
Nuclear physics
Biological evolution
Germ theory

character or position within the courtroom.
Student work may be incompletg incorrect and
may contain errors d science fict and reasoning.

Stage 1  Student may be a non-participant in mock trial.
Student work is largely incompletg incorrect,
shows little evidence & understanding and may

contain major misconceptions

As a young man, Albert Einstein, a German scientist,
formulated the special Theory & Relativity which brought
about revolutionary changes in human understanding fo
nature. A decade later, he proposed the general Theory 6
Relativity which, along with Newtors work, ranks as one
of the greatest human accomplishments in all b history.
(Page 245)

Among the surprising ideas & special relativity is that
nothing can travel &ster than the speed d light, which is
the same for all observers no matter how they or the light
source happen to be moving. (Rge 245)

The special Theory & Relativity is best known ér stating
that any form of energy has mass and that matter itself is
a form of energy. The fimous relativity equation, E = mc2,
holds that the transbrmation of even a tiny amount o
matter will release an enormous amount & other forms of
energy, in that the c in the equation stands ér the immense
speed df light. (Page 245)

General relativity theory pictures Newtor’ gravitational
force as a distortion d space and time (Page 245)

Many predictions from Einsteirs Theory of Relativity have
been confirmed on both atomic and astronomical scales
Still, the search continues ér an even more powerful theory
of the architecture d the universe (Page 245)

The basic idea o mathematical modeling is to find a
mathematical relationship that behaves in the same ways
as the objects or processes under investigation. A
mathematical model may give insight about how something
really worls or may fit observations very well without any
intuitive meaning. (Rage 270)



Mini-Unit: Copernican
Revolution

content standard should
understand basic concepts
about the Theory of
Relativity, which changed
the view of the universe
by uniting matter and
energy and by linking time
with space (Relativity).

Students describe one of the basic
tenets of special relativity such as
time dilation, length contraction,
the space-time continuum, or The
Law of Conservation of Matter
and Energy.

Additional Content and
Performance Standards:
A3, C3, C5, C6, C7.
Cultural Standard Al

Geocentricity heliocentricity

Personal histories d early astronomers (i.e Copernicus Galileo)
Special Relativity

Personal history d present-day cosmologists (i.e Einstein, Hawking)

10 days

By treating relativity historically in high school, it is possible to avoidlling into the
trap of trying to teach (Special Relativityg) technical and mathematical details The
main goals should be br students to see that Einstein went beyond Newtos'world
view by including it as a limiting case in a more complete theory. (from Benchmark
p. 245)

This unit starts with a debate about accepteddcts and ends with a mock trial 6
Galileo that includes input from the present day cosmologistlbert Einstein and
Stephen Hawking.



Access to computers and Guidelines br debate (language arts
Internet book) and mock trial

Library resources

Tell the students that is a &ct that the earth is flat. Challenge them to prove that
it is not. (See attached lists br historical arguments ér and against). As debate
slows also say that the earth doesn't turn. Continue to stir up the debatéhe
students should leave the room debating each other and arrive in class the xeday
with a prodf that the earth is round and spins

Listening skills being able to validate othes opinions etc.

In cooperative groups assign one o the following to research: Ptolemy Copernicus
Galileo, Kepler, Newton, Tycho Brache Albert Einstein, Stephen Hawking, Neil
Armstrong, Sally Ride Use all research avenues available including Internet.
Students should find out the personal history ©the scientist as well as the major
contributions to science and society.

Research skills use of the Internet, web page analysis working in cooperative
groups, etc.

Invite Elders to share belief and legends related to topic

Have students develop a timeling including the results & the previous research.
The timeline should include names and important contributiongracing the
development d the geocentric view to the heliocentric viewln the development d
the principles it is very important that the societal conte of the era be
emphasized.

Content knowledge

Hold a mock trial d Galileo that includes Ptolemy Copernicus Johannes Kepler,
Tycho Brache lIsaac Newton, Albert Einstein, Stephen Hawking, Neil Armstrong and
Sally Ride as witnesses “The Copernican Revolution illustrates some Dthe strains



that can occur between science and society when science proposes ideas that seem
to violate common sense or to undermine traditional values and beligf This part of
the story should be included but not presented as the triumphfaight over wrong

or of science over religion.” (from Benchmar p. 240)

Stage 4  Student actively participates in mock trial and demonstrates masteryfahe
historical-viewpoint appropriate to his / her character or position within
the courtroom. Student work is completecorrect and shows evidence
clear and logical reasoning.

Stage 3  Student actively participates in mock trial and demonstrates knowledgef o
the historical-viewpoint appropriate to his / her character or position
within the courtroom. Student work shows evidencefoclear and logical
reasoning but may contain minor errors or omissions

Stage 2 Student reluctantly participates in mock trial and demonstrates limited
knowledge d the historical-viewpoint appropriate to his / her character or
position within the courtroom. Student work may be incompletdéncorrect
and may contain errors @ science fact and reasoning.

Stage 1  Student may be a non-participant in mock trial. Student work is largely
incompleteg incorrect, shows little evidence bunderstanding and may
contain major misconceptions

The nuclear frces that hold the nucleus & an atom together at nuclear distances are
usually stronger than the electric drces that would male it fly apart. Nuclear
reactions convert a fraction & the mass of interacting particles into energyand they
can release much greater amounts & energy than atomic interactions Fission is the
splitting d a large nucleus into smaller pieces Fusion is the joining & two nuclei at
extremely high temperature and pressurgand is the process responsible dr the
energy o the sun and other stars (Pg. 178)

The total energy d the universe is constant. Energy can be transferred by collisions in
chemical and nuclear reactions by light waves and other radiationsand in many

other ways. However, it can never be destroyed. A these transfers occuy the matter
involved becomes steadily less ordered. (Pg. 180)

Occasionally there are advances in science and technology that have important and
long-lasting effects on science and society. Bxples of such advances include the
following: Relativity (etc) (Pg 204)

As a young man, Albert Einstein, a German scientist,drmulated the special Theory 6
Relativity which brought about revolutionary changes in human understandingfo
nature. A decade later he proposed the general Theory b Relativity which, along



with Newtons work, ranks as one of the greatest human accomplishments in all b
history. (Pg. 245)

Among the surprising ideas & special relativity is that nothing can travelaster than
the speed d light, which is the same 6r all observers no matter how they or the light
source happen to be moving. (Pg. 245)

The special Theory d Relativity is best known @r stating that any brm of energy has
mass, and that matter itself is a brm of energy. The imous relativity equation,E =
mc?, holds that the transbrmation of even a tiny amount d matter will release an
enormous amount o other forms of energy; in that the ¢ in the equation stands br
the immense speed d light. (Pg. 245)

General relativity theory pictures Newtor'gravitational brce as a distortion d space
and time. (Pg. 245)

Many predictions from Einsteirs Theory of Relativity have been confirmed on both
atomic and astronomical scales , the search continues 6r an even more powerful
theory of the architecture d the universe (Pg. 245)

The basic idea d mathematical modeling is to find a mathematical relationship that
behaves in the same ways as the objects or processes under investigation. A
mathematical model may give insight about how something really woskor may fit
observations very well without any intuitive meaning. (Pg. 270)
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Content Standard B
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A student should possess and understand the skills of
scientific inquiry.






A student who meets the content standard should use the processesf gcience; these
processes include observing, classifying, measuring, interpreting data, inferring,
communicating, controlling variables developing models and theories hypothesizing,
predicting, and &perimenting.

Students collect, analyze and interpret qualitative and quantitative data, develop modeJsand suggest further experimentation

to investigate and eplain everyday phenomena in their world.

Students collect and analyze data about a phenomenon in their local environment @, hillside slumping,
erosion, frost heaves permafrost). Students use the inbrmation to develop a model to &plain the

phenomenon.

Students observe micro climates on different sides fothe school building; measure variables in those
micro-climates; observe and record the types and numbersfarganisms present; then infer abiotic-biotic

relationships

Use technology and mathematics to improve
investigations and communications. A variety of
technologies such as hand tools measuring instruments
and calculators should be an integral component &
scientific investigations The use of computers fr the
collection, analysis and display of data is also a part of
this standard. Mathematics plays an essential role in all
aspects o an inquiry. For example, measurement is used
for posing questions formulas are used for developing
explanations, and charts and graphs are used br
communicating results (Page 175)

Formulate and revise scientific explanations and models
using logic and evidence. Student inquiries should
culminate in brmulating an explanation or model. Models
should be physical, conceptual, and mathematical. In the
process d answering the questions the students should
engage in discussions and arguments that result in the
revision d their explanations These discussions should be
based on scientific knowledggethe use of logic, and evidence
from their investigation. (Rge 175)

Scientists rely on technology to enhance the gathering and
manipulation of data. New techniques and tools provide
new evidence to guide inquiry and new methods to gather
data, thereby contributing to the advance bscience The
accuracy and precision @ the data, and therebre the quality
of the exploration, depends on the technology used. @je
176)

Mathematics is essential in scientific inquiry. Mathematical
tools and models guide and improve the posingfoquestions,
gathering data, constructing &planations, and
communicating results (Page 176)

Results of scientific inquiry—new knowledge and methods—
emerge from different types & investigations and public
communication among scientists In communicating and
defending the results & scientific inquiry arguments must
be logical and demonstrate connections between natural
phenomena, investigations and the historical body d
scientific knowledge In addition, the methods and
procedures that scientists used to obtain evidence must be
clearly reported to enhance opportunitiesdr further
investigation. (Page 176)



Hypotheses are widely used in sciencedr choosing what
data to pay attention to and what additional data to seek,
and for guiding the interpretation 6 the data (both new
and previously available). (Page 13)

Sometimes, scientists can control conditions in order to
obtain evidence When that is not possible ér practical or
ethical reasons they try to observe as wide a range
natural occurrences as possible to be able to discern
patterns. (Page 13)



A student who meets the content standard should design and conduct scientific
investigations using appropriate instruments

Students conduct primary scientific research and use sophisticated instrumentation and technology to design, madaifyd
conduct a series d experiments related to a multificeted problem in the natural or designed world.

Students examine the viscosity @ different oils and greases (Arctic and non-Arctic) at different temperatures
Identify possible effects & using each oil or grease on the peddrmance of equipment operated in severe

cold weather

Students determine what oils and wick work best in traditional lamps Variables to consider include
effectiveness durability; traditional oils (bear moose, seal, walrus) and modern oils (leroseng stove,

cooking, motor).

Identify questions and concepts that guide scientific
investigations. Students should brmulate a testable
hypothesis and demonstrate the logical connections
between the scientific concepts guiding a hypothesis and
the design d an experiment. They should demonstrate
appropriate procedures a knowledge base and conceptual
understanding d scientific investigations (Page 175)

Design and conduct scientific investigations. Designing
and conducting a scientific investigation requires
introduction to the major concepts in the area being
investigated, proper equipment, safety precautions
assistance with methodological problemsrecommendations
for use of technologies clarification o ideas that guide
the inquiry, and scientific knowledge obtained from sources
other than the actual investigation. The investigation may
also require student clarification 6 the question, method,
controls and variables; student organization and display

of data; student revision & methods and explanations; and

a public presentation d the results with a critical response
from peers. Regardless o the scientific investigation
performed, students must use evidence apply logic and

construct an argument br their proposed «planations

(Page 175)

Scientists conduct investigationsdr a wide variety d
reasons. For example, they may wish to discover new aspects
of the natural world, eplain recently observed phenomena,
or test the conclusions & prior investigations or the
predictions d current theories (Page 176)

Investigations are conducteddr different reasons including
to explore new phenomena, to check on previous results
to test how well a theory predictsand to compare different
theories (Page 13)






_ Alaska Science
Key Element B3

A student who meets the content standard should understand that scientific inquiry
often involves different ways ® thinking, curiosity and the exploration o multiple
paths.

Performance Standard Level 4, Ages 15-18

Students conduct research and media searches that highlightofms of inquiry and multiple solutions to comple problems

Sample Assessment ldeas

e Students read recent scientific research and reviewsfdhat research to examine suggestions br improvement.

e Local students conduct independent parallel investigations with a student team in a different location on
the same research question, compare resultsand discuss the processes used to arrive at their respective

conclusions

Expanded Sample Assessment

e Students use primary and secondary research to determine an ideal methoddf tanning salmon skins in
their locality and describe how they arrived at that result.

Procedure Level of Performance

Students will: Stage 4  Student work is complete correct and shows
1. Investigate salmon skin tanning, including reasonsof | <&~ =+  €vidence d elaboration and extension. Student

tanning, why skins and hides are tanned, and traditional uses multiple sources to identify reasonable
and modern methods d tanning. solutions to the tanning task including Internet
. . . . research, and local interviews; designed
2. Bralnst_orm ab_out types d information that might be controlled, quantitative eperiments
useful in solving the problem.
. . . Stage 3  Student work is generally completgcorrect and
3. D|V|de_|nto small groups to investigate _the prob_lem " shows some evidence ¢ elaboration and
frqm dlfferen_t per§pect|v_es (conduct )eperlments_ with —~ extension. Student uses multiple sources to
skins and hides interview Elders and prdessional identify solutions to the tanning task including
tanners, research Intemet). Internet research and local interviewsAlthough
4. Share the research results with each othercritique experimentation is included, it may be poorly
each method o tanning, and develop alternative controlled, lack quantitative measurements or
methods of tanning. result in a questionable solution to the tanning
; . task.

Reflection and Revision Stage 2 Student work is generally on task but shows little
Reflect on ways in which collaboration, creativitymultiple -+ evidence d elaboration. Student may use one
paths of exploration, and personal integrity helped to solve ™ or two sources to identify solutions to the
the problem. tanning task. Although eperimentation is

included, controls and measurements are lacking.
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Solutions, if included, may not be related to
the experimental procedure presented.

Stage 1  Student work may be related to tanning but is

not targeted to identify multiple solutions to

Recognize and analyze alternative explanations and
models. This aspect d the standard emphasizes the critical
abilities of analyzing an argument by reviewing current
scientific understanding, weighing the evidengeand
examining the logic so as to decide which xplanations
and models are best. In other words although there may
be several plausible planations they do not all have equal
weight. Students should be able to use scientific criteria tg
find the preferred &planations (Page 175)

Scientists usually inquire about how physical, living, or

the tanning task. Experiments and use boutside
information sources if included, may not be
appropriate or useful.

designed systems function. Conceptual principles and
knowledge guide scientific inquiriesHistorical and current
scientific knowledge influence the design and interpretation
of investigations and the evaluation & proposed
explanations made by other scientists (Page 176)

Know why curiosity honesty, openness, and skepticism are
so highly regarded in science and how they are incorporated
into the way science is carried out; ghibit those traits in
their own lives and value them in others(Page 287)



N  Alaska Science
evel 2 @ Key Element B4

A student who meets the content standard should understand that personal integrjty
skepticism, openness to new ideas creativity collaborative efbrt, and logical reasoning
are all aspects o scientific inquiry.

Performance Standard Level 4, Ages 15-18

Students work in collaborative groups to collect and analyze theixperimental results They conduct media searches and use
the information to support their @perimental design or &perimental evidence

Sample Assessment lIdeas

e Students locate sources & drinking water; test the quality & the water (salinity pH, turbidity lead
content, microorganism presence taste); develop a rating scale or potability; and share their methods

and results

e Students determine the energy content fodifferent foods using experimental calorimetric methods They
compare their results to published standards

Standards Cross-References

National Science Education Standards

Scientific explanations must adhere to criteria such as: a
proposed explanation must be logically consistent; it must
abide by the rules d evidence; it must be open to questions
and possible modification; and it must be based on historical
and current scientific knowledge (Page 176)

Benchmarks

Know why curiosity honesty, openness and skepticism are
so0 highly regarded in science and how they are incorporated
into the way science is carried out; hibit those traits in
their own lives and value them in others(Page 287)

View science and technology thoughtfullybeing neither
categorically antagonistic nor uncritically positive(Page
287)

Be aware, when considering claims that when people try
to prove a point, they may select only the data that support
it and ignore any that would contradict it. (Bge 300)
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A student who meets the content standard should employ ethical standardsncluding
unbiased data collection and &ctual reporting d results.

Students discuss the validity 6 assertions made in primary and secondary scientific sources by analyzing and critiquing the

data used as evidence to support those assertions

Students research whether or not President Thomas Jeffersoni’descendants include African American
descendants d Sally Hemmings and critique the research used to generate the data that supports both

pro and con assertions

Students critique the research used to support pro and con arguments in debates regarding qualitf lofe
issues (e.g., plastic vs paper, fluoridation o drinking water use of mercury in dental fillings). Special
attention should be given to validity and reproducibility.

Results of scientific inquiry—new knowledge and methods—
emerge from different types & investigations and public
communication among scientists In communicating and
defending the results & scientific inquiry arguments must
be logical and demonstrate connections between natural
phenomena, investigations and the historical body ¢
scientific knowledge In addition, the methods and
procedures that scientists used to obtain evidence must be
clearly reported to enhance opportunitiesdr further
investigation. (Page 176)

Scientists have ethical traditions Scientists value peer
review truthful reporting about the methods and outcomes
of investigations and making public the results & work.
Violations o such norms do occuy but scientists responsible
for such violations are censured by their peers(Page 200)

Scientists in any one research group tend to see things
alike, so even groups d scientists may have trouble being
entirely objective about their methods and findingsFor
that reason, scientific teams are &pected to seek out the
possible sources @ bias in the design d their investigations

and in their data analysis Checking each others results
and explanations helps but that is no guarantee against
bias. (Page 13)

Current ethics in science hold that research involving human
subjects may be conducted only with the imffmed consent
of the subjects even if this constraint limits some kinds
potentially important research or influences the results
When it comes to participation in research that could pose
risks to society most scientists believe that a decision to
participate or not is a matter & personal ethics rather than
professional ethics (Page 19)

Scientists can bring inérmation, insights and analytical
skills to bear on matters ¢ public concern. Ating in their
areas of expertisg scientists can help people understand
the likely causes dof events and estimate their possible
effects. Outside their areas d expertise however, scientists
should enjoy no special credibility. And where their own
personal, institutional, or community interests are at stak
scientists as a group can be &pected to be no less biased
than other groups are about their perceived interest{Page
19)

Notice and criticize arguments based on the dulty,
incomplete or misleading use d numbers, such as in



instances when (1) average results are reported, but not
the amount of variation around the average (2) a percentage
or fraction is given, but not the total sample size (as in “9
out of 10 dentists recommend . . . "), (3) absolute and
proportional quantities are mied (as in “3,400 more
robberies in our city last yearwhereas other cities had an
increase o less than 1%), or (4) results are reported with
overstated precision (as in representing 13 out ©19
students as 68.42%). (Page 300)

Check graphs to see that they do not misrepresent results
by using inappropriate scales or by diling to specify the
axes clearly. (Page 300)

Insist that the critical assumptions behind any line fo
reasoning be made &plicit so that the validity & the
position being talken, whether one$ own or that d others,
can be judged. (Page 300)



Alaska Science
Key Element B6

A student who meets the content standard should employ strict adherence to safety
procedures in conducting scientific investigations

Level 4

Performance Standard Level 4, Ages 15-18

Students examine laboratory and community safety proceduresidentify how an individual affects the safety bthe group,
and practice safe behavior in the classroom and laboratory.

Sample Assessment Ideas

e Students review the risk associated with medical wastesand accurately identify the hazards & contaminated

fomites.

e Students demonstrate proper techniques blab safety while determining properties bfour unknown, clear
colorless liquids (pH, conductivityflammability, odor).

Standards Cross-References

National Science Education Standards

Hazards and the potential br accidents «ist. Regardless
of the environment, the possibility b injury, illness,

disability, or death may be present. Humans have a variety
of mechanisms—sensory motor, emotional, social, and
technological—that can reduce and modify hazards(Page

197)

Natural and human-induced hazards present the need dr
humans to assess potential danger and risk. Many changes
in the environment designed by humans bring benefits to
society, as well as cause risls. Students should understand
the costs and trade-dfs of various hazards ranging from
those with minor risk to a few people to major catastrophes
with major risk to many people The scale d events and
the accuracy with which scientists and engineers can (and
cannot) predict events are important considerationgPage

199)

Benchmarks

Benefits and costs d proposed choices include consequences
that are long-term as well as short-term, and indirect as
well as direct. The more remote the consequences foa
personal or social decision, the harder it usually is to tak
them into account in considering alternativesBut benefits
and costs may be difficult to estimate (Page 166)

Social trade-dfs are often generational. The costs &benefits
received by one generation may 4ll on subsequent
generations Also, the cost d a social trade-df is sometimes
borne by one generation although the benefits are enjoyed
by their descendants (Page 166)
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Alaska Science
Content Standard C

A student should understand the nature and history of
science.






Alaska Science

Level 4

Key Element C1

A student who meets the content standard should know how the words &tt,”
“observation,” “concept,” “principle” “law,” and “theory” are generally used in the

scientific community.

Performance Standard Level 4, Ages 15-18

Students can differentiate among #cts, observations concepts principles laws, and theories as used in science publications

Sample Assessment lIdeas

e Students define and give gamples of the terms commonly used in the scientific community; differentiate
how those same terms are defined and used in a non-scientific setting.

e Students analyze a newspaper or magazine article on a science topjddentifying ficts, concepts laws and

theories

Standards Cross-References

National Science Education Standards

Communicate and defend a scientific argument. Students
in school science programs should develop the abilities
associated with accurate and effective communication.
These include writing and éllowing procedures expressing
concepts reviewing inbrmation, summarizing data, using
language appropriately developing diagrams and charts
explaining statistical analysis speaking clearly and logically
constructing a reasoned argument, and responding
appropriately to critical comments (Page 176)

Science distinguishes itself from other ways foknowing
and from other bodies d knowledge through the use
empirical standards logical arguments and skepticism, as
scientists strive 6r the best possible a&planations about
the natural world. (Page 201)

Benchmarks

Scientists assume that the universe is a vast single system
in which the basic rules are the same everywhereThe rules
may range from very simple to atremely compl, but
scientists operate on the belief that the rules can be
discovered by careful, systematic study. (Bge 8)

No matter how well one theory fits observationsa new
theory might fit them just as well or betteror might fit a
wider range d observations In science the testing, revising,
and occasional discarding & theories new and old, never
ends. This ongoing process leads to an increasingly better
understanding d how things work in the world but not to
absolute truth. Evidence or the value o this approach is
given by the improving ability bscientists to dfer reliable
explanations and male accurate predictions (Page 8)
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A student who meets the content standard should understand that scientific knowledge
is validated by specific @periments that conclude in similar results

Students evaluate the validity & experimental findings

Students critique the research used to support pro and con arguments in debates regarding qualitf lafe
issues (e.g., plastic vs paper, fluoridations o drinking water use of mercury in dental fillings). Special
attention should be given to validity and reproducibility.

Students investigate research done by the Departmentfdrish and Game or Federal biologists on predicted
salmon runs. Students compare data and conclusions with previous years' predictions and actual runs

Recognize and analyze alternative explanations and
models. This aspect d the standard emphasizes the critical
abilities of analyzing an argument by reviewing current
scientific understanding, weighing the evidengeand
examining the logic so as to decide which xplanations
and models are best. In other words although there may
be several plausible planations they do not all have equal
weight. Students should be able to use scientific criteria tg
find the preferred &planations (Page 175)

Results of scientific inquiry—new knowledge and methods-
emerge from different types & investigations and public
communication among scientists In communicating and
defending the results & scientific inquiry arguments must
be logical and demonstrate connections between natural
phenomena, investigations and the historical body ¢
scientific knowledge In addition, the methods and
procedures that scientists used to obtain evidence must be
clearly reported to enhance opportunitiesdr further
investigation. (Rage 176)

Scientists in any one research group tend to see things
alike, so even groups d scientists may have trouble being
entirely objective about their methods and findingsFor
that reason, scientific teams are gpected to seek out the
possible sources d bias in design d their investigations
and in their data analysis Checking each others results
and explanations helps but that is no guarantee against
bias. (Page 13)

Wonder how lilely it is that some event & interest might
have occurred just by chance (Page 300)

Insist that the critical assumptions behind any line fo
reasoning be made eplicit so that the validity & the
position being talen—whether ones own or that of
others'—can be judged. (Rge 300)

Suggest alternative ways & explaining data and criticize
arguments in which data, &planations or conclusions are
represented as the only ones worth consideration, with no
mention of other possibilities Similarly, suggest alternative
trade-dffs in decisions and designs and criticize those in
which major trade-dfs are not acknowledged. (Rge 300)
for further investigation. (Rge 176)






~ Alaska Science
Level 4 ' Key Element CB

A student who meets the content standard should understand that socigtgulture,
history, and environment affect the development bscientific knowledge

Performance Standard Level 4, Ages 15-18

Students describe how human society culture, history, and environment have influenced the development foscientific
thinking.

Sample Assessment Ideas

e Students prepare reports on instances where society has repressed scientific knowledge or instances where
it has supported and encouraged scientific knowledge (g., Galileo, Chinese Cultural Revolution, the
National Science Foundation).

e Students prepare reports on instances in Alask where society has influenced the gathering or use fo
scientific inbrmation, indentifying the influencesand their outcome (eg., the C. Thompson Study).

Standards Cross-Reference

National Science Education Standards Benchmarks
Progress in science and technology can be affected by social The early Egyptian, Greek, Chinesg Hindu, and Arabic

issues and challenges Funding priorities 6r specific health cultures are responsible &r many scientific and mathematical
problems serve as eamples of ways that social issues ideas and technological inventions(Page 19)
influence science and technology. (Bge 199) Modern science is based on traditions bthought that came

Scientists are influenced by the societal, cultural, and together in Europe about 500 years ago. Bople from all
personal belief and ways of viewing the world. Science is cultures now contribute to the tradition. (&ge 19)

not separate from society but rather science is a part fo Progress in science and invention depends heavily on what
society. (Page 201) else is happening in societyand history dfiten depends on
In history, diverse cultures have contributed scientific scientific and technological developments(Page 19)
knowledge and technologic inventionsModern science
began to evolve rapidly in Europe several hundred years
ago. During the past two centuries it has contributed
significantly to the industrialization b Western and non-
Western cultures However, other non-European cultures
have developed scientific ideas and solved human problems
through technology. (Rge 201)
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A student who meets the content standard should understand that some personal and
societal belief accept non-scientific methodsdr validating knowledge

Students investigate societal (non-scientific) belisfof multiple communities or cultures regarding a phenomenon.

Students use multiple sources (oral and written historigscontact with classrooms and cultures around

the world) to compile various belief.

Students discuss the possible origin beach belief.

Science distinguishes itself from other ways foknowing
and from other bodies d knowledge through the use
empirical standards logical arguments and skepticism as
scientists strive 6r the best possible @planations about
the natural world. (Page 201)

Scientific xplanations must meet certain criteria. First and
foremost, they must be consistent with xperimental and

observational evidence about naturge and must make

accurate predictions when appropriate about systems being
studied. They should also be logical, respect the rulesfo
evidence be open to criticism, report methods and
procedures and make knowledge public Explanations on

how the natural world changes based on mythspersonal

beliefs, religious values mystical inspiration, superstition,
or authority may be personally useful an socially relevant,
but they are not scientific (Page 201)

Because all science ideas depend on rperimental and
observational confirmation, all scientific knowledge ,isin
principle subject to change as new evidence becomes
available. The core ideas d science such as the conservation

of energy or the laws d motion have been subjected to a
wide variety d confirmations and are therebre unlilely to

change in the areas in which they have been tested. In
areas where data or understanding is incompletesuch as

the details o human evolution or questions surrounding
global warming, new data may well lead to changes in
current ideas or resolve current conflictdn situations where

information is still fragmentary it is normal for scientific

ideas to be incomplete but this is also where the
opportunity br making advances may be greatest. (Rge

201)

The historical perspective 6 scientific explanations
demonstrates how scientific knowledge changes by evolving
over time almost always building on earlier knowledge
(Page 204)

Cultural belie strongly influence the values and behavior
of the people who grow up in the culturgoften without
their being fully aware d it. Response to these influences
varies among individuals (Page 156)






Alaska Science
Level 4 ' Key Element C5

A student who meets the content standard should understand that sharing scientific
discoveries is important to influencing individuals and society and in advancing scientific
knowledge

Performance Standard C5, Level 4 Ages 15-18

Students use personal and group &periences as well as media searches to synthesize data derived from multiple perspectives
to study a multifaceted problem related to state regional, or global concerns and post their resultsof review

Sample Assessment ldeas

e Students estimate the carrying capacity ba township (or given area); teams male land-use maps o
traditional or eisting uses; identify and predict the effects fohuman impact; publish the results ér
township comment.

e Students use a forum to discuss whether the global climate is changing due to the greenhouse effect, or
if recent climate variations are part 6 normal long-term phenomena. (Students utilize research data when
expressing their point & view)

\ Expanded Sample Assessment ldea

e Students collect inbrmation about landfill; design an improved landfill appropriateof their locale; present
their designs to the local planning commission.

Procedure Level of Performance
Student group will Stage 4  Landfill design and justification documents are
1. Collect inbrmation about their local landfill. — = complete, detailed and show evidence 6

elaboration, extension, higher-order thinking

2. Research landfill designs in other communities skills and relevant knowledge

3. Discuss the current landfill in terms b location, use

type of material in landfill, and how long it will tak Stage 3  Landfill design and justification documents are
to fill it. ot complete and clearly epressed although minor

4. Design a landfill appropriate ér their locale Facts to === Inaccuracies omissions or inappropriateness may
be considered include porosity and permeabilityfothe also be evident.
soil, interpretation d aerial images (if available), type Stage 2 Landfill design and justification documents may
of material landfill will hold, calculations required to === contain some elements & proficient work but
determine landfill size location o new site and cost - may be incomplete inaccurate, or inappropriate
consideration. for the locale

5. Present their suggested designs to the local planning Stage 1  Landfill design is incomplete inaccurate or
commission. === Inappropriate for the locale Justification

) o documents if included, lack detail and contain
Reflection and Revision little evidence d relevant knowledge
Use the planning commission response to revise landfill
design.
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Communicate and defend a scientific argument. Students
in school science programs should develop the abilities
associated with accurate and effective communication.
These include writing and éllowing procedures expressing
concepts reviewing inbrmation, summarizing data, using
language appropriately developing diagrams and charts
explaining statistical analysisspeaking clearly and logically
constructing a reasoned argument, and responding
appropriately to critical comments (Page 176)

Results of scientific inquiry-new knowledge and methods-
emerge from different types 6 investigations and public
communication among scientists In communicating and
defending the results & scientific inquiry arguments must
be logical and demonstrate connections between natural
phenomena, investigations and the historical body ¢
scientific knowledge In addition, the methods and
procedures that scientists used to obtain evidence must be
clearly reported to enhance opportunitiesdr further
investigation. (Page 176)

Scientists have ethical traditions Scientists value peer
review truthful reporting about the methods and outcomes
of investigations and making public the results & work.

Violations o such norms do occuy but scientists responsible

for such violations are censured by their peers(Page 200)

Usually changes in science occur as small modifications in
extant knowledge The daily work o science and engineering
results in incremental advances in our understanding fo
the world and our ability to meet human needs and
aspirations. Much can be learned about the internal workings
of science and the nature @ science from study d individual
scientists their daily work, and their eférts to advance
scientific knowledge in their area bstudy. (Page 201)

Scientists in any one research group tend to see things
alike, so even groups d scientists may have trouble being
entirely objective about their methods and findingsFor
that reason, scientific teams are gpected to seek out the
possible sources d bias in the design d their investigations
and in their data analysis Checking each others results
and explanations helps but that is no guarantee against
bias. (Page 13)

New ideas in science are limited by the conta in which
they are conceived; are dten rejected by the scientific
establishment; sometimes spring from unepected findings;
and usually grow slowly through contributions from many
investigators (Page 13)



. Alaska Science
Level 2 @ Key Element C6

A student who meets the content standard should understand that scientific discovery
is often a combination d an accidental happening and observation by a knowledgeable
person with an open mind.

Performance Standard Level 4, Ages 15-18

Students describe how current research is changing accepted scientific theories

Sample Assessment lIdeas

e Students use a forum to discuss current ideas about the transmission focommunicable diseases

e Students conduct an Internet search on a recent scientific discovery .¢e, development d a new drug
treatment, in-utero surgery genetic engineering) and its effect on current scientific practice

Standards Cross-References

National Science Education Standards

Science doften advances with the introduction & new

technologies Solving technological problems ften results

in new scientific knowledgeNew technologies dten extend

the current levels & scientific understanding and introduce
new areas of research. (Page 192)

Creativity imagination, and a good knowledge base are all
required in the work d science and engineering. (Bge 192)

Because all scientific ideas depend on xperimental and

observational confirmation, all scientific knowledge ,isin

principle subject to change as new evidence becomes
available. The core ideas d science such as the conservation
of energy or the laws ¢ motion have been subjected to a
wide variety d confirmations and are therebre unlilely to

change in the areas in which they have been tested. In
areas where data or understanding are incompletesuch as

the details d human evolution or questions surrounding
global warming, new data may well lead to changes in
current ideas or resolve current conflictdn situations where

information is still fragmentary it is normal for scientific

ideas to be incomplete but this is also where the
opportunity br making advances may be greatest. (Rge

201)

Benchmarks

There are different traditions in science about what is
investigated and how but they all have in common certain
basic belief about the value d evidence logic, and good
arguments. And there is agreement that progress in all fields
of science depends on intelligencehard work, imagination,
and even chance (Page 13)

New ideas in science are limited by the contd in which
they are conceived; are dten rejected by the scientific
establishment; sometimes spring from unepected findings;
and usually grow slowly through contributions from many
investigators (Page 13)
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A student who meets the content standard should understand that major scientific
breakthroughs may link large amounts & knowledge build upon the contributions &
many scientists and cross different lines & study.

Students identify the research, contributionsdiscoveries and collaborative efbrts currently underway to solve a scientific

industrial, mechanical, agricultural, or medical problem.

Students use the Internet and other research tools to compare and contrast how different nations and
cultures are responding to the population crisis around the world (@, area of declining population,

overpopulation, an aging population, etg

Students present the findings 6 the Human Genome Project; discuss usesdr the new inbrmation.

Science and technology are pursueddr different purposes
Scientific inquiry is driven by the desire to understand the
natural world, and technological design is driven by the
need to meet human needs and solve human problems
Technology by its nature, has a more direct effect on society
than science because its purpose is to solve human
problems, help humans adapt, and fulfill human aspirations
Technological solutions may create new problemsScience
by its nature answers questions that may or may not directly
influence humans Sometimes scientific advances challenge
people’s beliefs and practical explanations concerning
various aspects d the world. (Page 192)

Occasionally there are advances in science and technology
that have important and long lasting effects on science
and society. Examples of such advances include the
following: Copernican revolution, Newtonian mechani¢s
relativity, geologic time scale plate tectonics atomic

theory, nuclear physics biological evolution, germ theory
industrial revolution, molecular biologyinformation and

communication, quantum theory galactic universe medical

and health technology. (Rige 204)

From time to time major shifts occur in the scientific view
of how the world worls. More often however the changes
that take place in the body d scientific knowledge are
small modifications d prior knowledge Change and
continuity are persistent features bscience (Page 8)

New ideas in science are limited by the contd in which
they are conceived; are dten rejected by the scientific
establishment; sometimes spring from unepected findings;
and usually grow slowly through contributions from many
investigators (Page 13)

Science disciplines differ from one another in what is
studied, techniques used, and outcomes sought, but they
share a common purpose and philosophyand all are part

of the same scientific enterprise Although each discipline
provides a conceptual structure dr organizing and pursuing

knowledge many problems are studied by scientists using
information and skills from many disciplines Disciplines

do not have fixed boundaries and it happens that new

scientific disciplines are beingdrmed where &isting ones

meet and that some sub-disciplines spin ff to become

new disciplines in their own right. (&ge 19)






~ Alaska Science
Level 4 ' Key Element C8

A student who meets the content standard should understand that acceptancd @ new
idea depends upon supporting evidence and that new ideas that conflict with bekedr
common sense are dten resisted.

Performance Standard Level 4, Ages 15-18

Students analyze the evidence used to support current or historic scientific understandinfjam issue as well as the evidence
used to support ideas contrary to current scientific understanding.

Sample Assessment lIdeas

e Students analyze the evidence pro and con, that the HIV virus causes AIDS.

e Students analyze the evidence that supports and refutes the idea that the first peoples ahe Western
Hemisphere arrived via a frozen Bering Sea land bridge

Expanded Sample Assessment Idea

e Students choose a commonly held traditional belief that may cause resistance to scientific evidence
Defend a point d view that respects that belief while maintaining an open mind toward scientific evidence

Procedure and maintains an open mind toward the
Students will: opposing evidence or belief. .
1. Choose and research traditional belief about the Stage 3 Stud_er_lt demons_t rates a_clear upderstgndmg b
-+ traditional belie§, societal viewpoints and
natural world. - - . .
) ) ) ) - Scientific evidence regarding a phenomenon fo
Share and discuss ideas in pairs or small groups the natural world. Student defends a position
3. Do research about the scientific evidence regarding but may choose to ignore certain aspects bthe
the phenomenon. opposing evidence or belief.
4. Write a paper to defend a point 6 view about the Stage 2  Student demonstrates an understanding 6
belief. traditional belie§, societal viewpoints or

scientific evidence regarding a phenomenon fo

Reflection and Revision the natural world. Student defends a position

£ viewnoint 1o i i ientifi = puti belittles th ing evid
Modify viewpoint to incorporate anticipated scientific ut ignores or belittles the opposing evidence
studies. or belief.

Stage 1  Student demonstrates a limited understanding

Level of Performance of traditional belie§, societal viewpoints or
Stage 4  Student demonstrates &tensive understanding scientific evidence regarding a phenomer_lo_n fo
s s Of traditional belie§, societal viewpoints and - the natural world. Student defense a position
T scientific evidence regarding a phenomenon fo lacks detail and contains errors and
the natural world. Student defends a position misconceptions regarding the evidence or

beliefs.
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Recognize and analyze alternative explanations and
models. This aspect d the standard emphasizes the critical
abilities of analyzing an argument by reviewing current
scientific understanding, weighing the evidengeand
examining the logic so as to decide which xplanations
and models are best. In other words although there may
be several plausible explanations they do not all have equal
weight. Students should be able to use scientific criteria tg
find the preferred &planations (Page 175)

Communicate and defend a scientific argument. Students
in school science programs should develop the abilities
associated with accurate and effective communication.
These include writing and éllowing procedures expressing
concepts reviewing inbrmation, summarizing data, using
language appropriately developing diagrams and charts
explaining statistical analysisspeaking clearly and logically
constructing a reasoned argument, and responding
appropriately to critical comments (Page 176)

Scientific explanations must adhere to criteria such as: a
proposed explanation must be logically consistent; it must
abide by the rules d evidence; it must be open to questions
and possible modification; and it must be based on historical
and current scientific knowledge (Page 176)

Scientists are influenced by societal, cultural, and personal
beliefs and ways of viewing the world. Science is not
separate from society but rather science is a partfosociety.
(Page 201)

Because all scientific ideas depend on xperimental and
observational confirmation, all scientific knowledge ,isin
principle subject to change as new evidence becomes
available. The core ideas d science such as the conservation
of energy or the laws d motion have been subjected to a

wide variety d confirmations and are therebre unlilely to

change in the areas in which they have been tested. In
areas where data or understanding are incompletesuch as

the details o human evolution or questions surrounding
global warming, new data may well lead to changes in
current ideas or resolve current conflictdn situations where

information is still fragmentary it is normal for scientific

ideas to be incomplete but this is also where the
opportunity br making advances may be greatest. (Rge

201)

No matter how well one theory fits observationsa new
theory might fit them just as well or betteror might fit a
broader range d observations In sciencg the testing,
revising, and the occasional discarding o theories new
and old, never ends This ongoing process leads to an
increasingly better understanding b how things work in
the world but not to absolute truth. Evidencedr the value
of this approach is given by the improving ability fo
scientists to dfer reliable explanations and male accurate
predictions (Page 8)

In the short run, new ideas that do not mesh well with
mainstream ideas in science dten encounter vigorous
criticism. In the long run, theories are judged by how they
fit with other theories the range o observations they
explain, how well they &plain observations and how
effective they are in predicting new findings(Page 13)

New ideas in science are limited by the conta in which

they are conceived; are dten rejected by the scientific
establishment; sometimes spring from unepected findings;

and usually grow slowly through contributions from many
investigators (Page 13)



Alaska Science
Content Standard D

A student should be able to apply scientific knowledge
and skills to make reasoned decisions about the use of
science and scientific innovations.






Alaska Science

Key Element D1

A student who meets the content standard should apply scientific knowledge and skills
to understand issues and everyday events

Performance Standard Level 4, Ages 15-18

Students investigate a regional or global issue; identify and evaluate the current solutions

Sample Assessment ldeas

e Students study parasitic infection affectingdod stuffs (e.g., moose, caribou, wheat, rye peanuts); assess

methods for eradication d the parasite

e Students research oil &ploration in Alaska and across the globe; compare the different methods

Standards Cross-References

National Science Education Standards

Formulate and revise scientific explanations and models
using logic and evidence. Student inquiries should
culminate in ormulating an explanation or model. Models
should be physical, conceptual, and mathematical. In the
process d answering the questions the students should
engage in discussions and arguments that result in the
revision d their explanations These discussions should be
based on scientific knowledggethe use of logic, and evidence
from their investigation. (Rge 175)

Recognize and analyze alternative explanations and
models. This aspect d the standard emphasizes the critical
abilities of analyzing an argument by reviewing current
scientific understanding, weighing the evidengeand
examining the logic so as to decide which xplanations
and models are best. In other words although there may
be several plausible &planations they do not all have equal
weight. Students should be able to use scientific criteria to
find the preferred &planations (Page 175)

Scientific explanations must adhere to criteria such as: a
proposed explanation must be logically consistent; it must
abide by the rules d evidence; it must be open to questions
and possible modification; and it must be based on historical
and current scientific knowledge (Page 176)

Benchmarks

Scientists can bring inbrmation, insights and analytical
skills to bear on matters & public concern. Ating in their
areas of expertise scientists can help people understand
the likely causes of events and estimate their possible
effects. Outside their areas d expertise however, scientists
should enjoy no special credibility. And where their own
personal, institutional, or community interests are at stak
scientists as a group can be &pected to be no less biased
than other groups are about their perceived interest{Page
19)
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. Alaska Science
Level 2 @ Key Element D2

A student who meets the content standard should understand that scientific innovations
may affect our economy safety, environment, health, and society and that these effects
may be short-term or long-term, positive or negatiyeand expected or unepected.

Performance Standard Level 4, Ages 15-18

Students research a current problem and conduct a cost and benefit analysis associated with both the problem and potential
solutions

Sample Assessment Ideas

e Students look back on the Y2K issugand evaluate the impact d the two-digit date on some aspect bour
lives.

e Students evaluate the potential positive and negative consequences cecombinant genetics (gene-splicing)
in food organisms

Expanded Sample Assessment ldea

e Students study the risk associated with nuclear power reactors and evaluate various safefyclean-up and
waste storage strategies

Procedure Level of Performance

Students will: Stage 4  Student uses both primary and secondary sources

1. Use primary and secondary sources to research safety| =a- =% In researching nuclear power dcilities Student
at several nuclear power fcilities (including Chernobyl, waste storage strategy shows evidence bhigher-
Three Mile Island, and plants with no history b order thinking and is elaborate
mishaps). Stage 3 Student uses either primary or secondary sources

2. Evaluate the merits ¢ current safety clean-up and =+ in researching nuclear power dcilities Student
waste-storage strategies -=  Waste storage strategy shows limited evidence

of elaboration or higher-order thinking and may

Compile and share their findings contain minor errors or inaccuracies

Independently adopt a waste storage strategy and

. . . . Stage 2  Student uses minimal inbrmation to research
defend their position in a class discussion.

- nuclear power fcilities Student waste storage

- P strategy is incomplete and may show errors b
Reflection and Revision scientific fict, inaccuracies or misconceptions

Revise their position based on arguments from other class

Stage 1  Student relies on previous knowledge or biased
members.

- Opinions to collect inbrmation about nuclear
power facilities. The storage strategy lack
adequate detail and shows evidence 6 serious
misconceptions
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Understanding basic concepts and principlesfescience and
technology should precede active debate about the
economics policies politics and ethics d various science
and technology related challengesHowever understanding
science alone will not resolve local, national or global
challenges (Page 199)

Individuals and society must decide on proposals involving
new research and the introduction bnew technologies into
society. Decisions involve assessment foalternatives risks,
costs, and benefits and consideration & who benefits and
who suffers who pays and gains and what the risks are
and who bears them. Students should understand the
appropriateness and value ¢ basic questions “What can
happen?” “What are the odds?” and “How do scientists and
engineers know what will happen?” (Rge 199)

Technology usually affects society more directly than science
because it solves practical problems and serves human needs
(and may create new problems and needs). In contrast,
science affects society mainly by stimulating and satisfying
people’s curiosity and occasionally by enlarging or
challenging their views & what the world is lile. (Page 47)

In deciding on proposals to introduce new technologies or
to curtail existing ones some key questions arise concerning
alternatives risks, costs, and benefits What alternative
ways are there to achieve the same endsand how do the
alternatives compare to the plan being putdrward? Who
benefits and who suffers? What are the financial and social
costs, do they change over timg and who bears them? What
are the risks associated with using (or not using) the new
technology how serious are they and who is in jeopardy?
What human, material, and energy resources will be needed
to build, install, operate maintain, and replace the new
technology and where will they come from? How will the
new technology and its waste products be disposedfcand
at what costs? (Page 57)



Alaska Science

Level 4

Key Element D3

A student who meets the content standard should recommend solutions to everyday
problems by applying scientific knowledge and skills

Performance Standard Level 4, Ages 15-18

Students conduct independent research investigations about a community issue and propose a solution based on their

original data.

Sample Assessment Ideas

e Students research the issues involved with commercial fishing bycatch and design possible solutions

e Students examine and quantify the “daily trash accumulation” ér the school; calculate the mass and
volume of recyclable and non-recyclable materialsDetermine the economic feasibility bcreating separate

waste repositories

Standards Cross-References

National Science Education Standards

Identify a problem or design an opportunity. Students
should be able to identify new problems or needs and
propose ways to change and improve current technological
designs (Page 192)

Propose designs and choose between alternative
solutions. Students should demonstrate thoughtful planning
for a piece o technology or technique Students should be
introduced to the roles & models and simulations in these
processes (Page 192)

Implement a proposed design. A variety o skills can be
needed in proposing a solution depending on the typefo
technology that is involved. The construction foartifacts
can require the skills ¢ cutting, shaping, treating, and
joining common materials such as wood, metal, plasti¢s

and textiles. Solutions can also be implemented using
computer sditware. (Page 192)

Evaluate the solution and its consequences. Students
should test any solution against the needs and criteria it
was designed to meet. A this stage new criteria not
originally considered may be reviewed. (&ge 192)

Benchmarks

In designing a device or processthought should be given
as to how it will be manufictured, operated, maintained,
replaced, and disposed ¢ and who will sell, operate and

take care of it. The costs associated with these functions
may introduce yet more constraints on the design. @je

52)
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A student who meets the content standard should evaluate the scientific and social
merits of solutions to everyday problems

Students evaluate scientific and societal impacts fodeveloping technologies

Students evaluate the impact 6 a developing technology (eg., new or smaller computers nanotechnology
self-guided vehicles Global Positioning System in vehicles cellular communication devices fetal surgery
genetic manipulation d plant genomes cloning).

Students evaluate the issues surrounding organ transplant with regard to minority populations

Science and technology are pursueddr different purposes
Scientific inquiry is driven by the desire to understand the
natural world, and technological design is driven by the
need to meet human needs and solve human problems
Technology by its nature has a more direct effect on society
than science because its purpose is to solve human
problems, help humans adapt, and fulfill human aspirations
Technological solutions may create new problemsScience
by its nature answers questions that may or may not directly
influence humans Sometimes scientific advances challenge
people’s beliefs and practical explanations concerning
various aspects d the world. (Page 192)

Many factors influence environmental quality. Factors that
students might investigate include population growth,
resource use population distribution, over-consumption,
the capacity d technology to solve problemspoverty, the
role of economig political, and religious viewsand different
ways humans view the Earth. (Rage 198)

Human activities can enhance potential dr hazards.
Acquisition d resources urban growth, and waste disposal
can accelerate rates d natural change (Page 199)

Natural and human-induced hazards present the need dr
humans to assess potential danger and risk. Many changes
in the environment designed by humans bring benefits to

society, as well as cause risks. Students should understand
the costs and trade-dfs of various hazards ranging from
those with minor risk to a few people to major catastrophes
with major risk to many people The scale o events and
accuracy with which scientists and engineers can (and
cannot) predict events are important considerationyPage
199)

Understanding basic concepts and principlesfoscience and
technology should precede active debate about the
economics policies politics and ethics d various science
and technology related challengesHowever understanding
science alone will not resolve local, national or global
challenges (Page 199)

Progress in science and technology can be affected by social
issues and challenges Funding priorities br specific health
problems serve as eamples of ways that social issues
influence science and technology. (Rge 199)

Individuals and society must decide on proposals involving
new research and the introduction bnew technologies into
society. Decisions involve assessment foalternatives risks,
costs, and benefits and consideration & who benefits and
who suffers, who pays and gains and what the risls are
and who bears them. Students should understand the
appropriateness and value d basic questions: “What can
happen?” “What are the odds?” and “How do scientists and
engineers know what will happen?” (Rge 199)



Humans have a major effect on other speciesFor example,
the influence d humans on other organisms occurs through
land use which decreases space available to other species—
and pollution—which changes the chemical composition
of air, soil, and water. (Page 199)

In deciding on proposals to introduce new technologies or
to curtail existing ones some key questions arise concerning
alternatives risks, costs, and benefits What alternative
ways are there to achieve the same endsand how do the
alternatives compare to the plan being putdrward? Who

benefits and who suffers? What are the financial and social
costs, do they change over timg and who bears them? What
are the risks associated with using (or not using) the new
technology how serious are they and who is in jeopardy?
What human, material, and energy resources will be needed
to build, install, operate maintain, and replace the new
technology and where will they come from? How will the
new technology and its waste products be disposedfcand
at what costs? (Page 57)

Human inventiveness has brought new risk as well as
improvements to human «istence (Page 57)



A student who meets the content standard should participate in reasoned discussion$ o
public policy related to scientific innovation and proposed technological solutions to

problems.

Students propose a scientifically or technologically based change to public policy at the local, state national level and
share their proposal with an audience 6 those affected by the issue as well as those involved in policy-making decisions

Students monitor and suggest ways to improve the water quality in and around their locale

Students research and discuss new technologies and the ethicsf @enetic engineering with other students
via the Internet; conduct a class debate on the issue; and write a letter to the National Instituté ldealth

on their position.

Hazards and the potential br accidents «ist. Regardless
of the environment, the possibility b injury, illness,

disability, or death may be present. Humans have a variety
of mechanisms—sensory motor, emotional, social, and
technological—that can reduce and modify hazards(Page

197)

Materials from human societies affect both physical and
chemical cycles @ the Earth. (Page 198)

Many factors influence environmental quality. Factors that
students might investigate include population growth,
resource use population distribution, over-consumption,
the capacity d technology to solve problemspoverty, the
role of economig political, and religious viewsand different
ways humans view the Earth. (Rage 198)

Human activities can enhance potential dr hazards.
Acquisition d resources urban growth, and waste disposal
can accelerate rates d natural change (Page 199)

Natural and human-induced hazards present the need dr
humans to assess potential danger and risk. Many changes
in the environment designed by humans bring benefits to
society as well as cause risks. Students should understand
the costs and trade-dfs of various hazards—ranging from

those with minor risk to a few people to major catastrophes
with major risk to many people The scale o events and
accuracy with which scientists and engineers can (and
cannot) predict events are important considerationyPage
199)

Understanding basic concepts and principlesfoscience and
technology should precede active debate about the
economics policies politics and ethics d various science
and technology related challengesHowever understanding
science alone will not resolve local, national or global
challenges (Page 199)

Progress in science and technology can be affected by social
issues and challenges Funding priorities br specific health
problems serve as eamples of ways that social issues
influence science and technology. (Rge 199)

Individuals and society must decide on proposals involving
new research and the introduction bnew technologies into
society. Decisions involve assessment foalternatives risks,
costs, and benefits and consideration & who benefits and
who suffers who pays and gains and what the risls are
and who bears them. Students should understand the
appropriateness and value d basic questions: “What can
happen?” “What are the odds?” and “How do scientists and
engineers know what will happen?” (Rge 199)



Humans have a major effect on other speciesFor example,
the influence d humans on other organisms occurs through
land use which decreases space available to other species
and pollution, which changes the chemical compositionfo
air, soil, and water. (Page 199)

In deciding on proposals to introduce new technologies or
to curtail existing ones some key questions arise concerning
alternatives risks, costs, and benefits What alternative
ways are there to achieve the same endsand how do the
alternatives compare to the plan being putdrward? Who
benefits and who suffers? What are the financial and social
costs, do they change over timgand who bears them? What
are the risks associated with using (or not using) the new
technology how serious are they and who is in jeopardy?

What human, material, and energy resources will be needed
to build, install, operate maintain, and replace the new
technology and where will they come from? How will the
new technology and its waste products be disposedfcand
at what costs? (Page 57)

The human species has a major impact on other species in
many ways: reducing the amount ¢ the Earth’s surface

available to those other species; interfering with theiobd

sources, changing the temperature and chemical
composition d their habitats; introducing éreign species
into their ecosystems and altering organisms directly
through selective breeding and genetic engineering. §Be

57)

Humans inventiveness has brought new rigk as well as
improvements to human eistence (Page 57)



A student who meets the content standard should act upon reasoned decisions and
evaluate the effectiveness & the action.

Students work collaboratively to design a solution to a problem, develop an evaluation tool to measure the effectivenefs o
their solution, and male revisions to the original solution based on the infmation collected.

Students identify the greatest sources D physical injury in the community; design a public awareness
program for lowering risl, evaluate the result after inbrming the public

Students examine various shampoos; evaluate which one work the best with the local water supply.

Formulate and revise scientific explanations and models
using logic and evidence. Student inquiries should
culminate in brmulating an explanation or model. Models
should be physical, conceptual, and mathematical. In the
process d answering the questions the students should
engage in discussions and arguments that result in the
revision d their explanations These discussions should be
based on scientific knowledggethe use of logic, and evidence
from their investigation. (Rge 175)

Recognize and analyze alternative explanations and
models. This aspect d the standard emphasizes the critical
abilities of analyzing an argument by reviewing current
scientific understanding, weighing the evidengeand
examining the logic so as to decide which xplanations
and models are best. In other words although there may
be several plausible eplanations they do not all have equal
weight. Students should be able to use scientific criteria to
find the preferred &planations (Page 175)

Identify a problem or design an opportunity. Students
should be able to identify new problems or needs and to
change and improve current technological designs(Page
192)

Propose designs and choose between alternative
solutions. Students should demonstrate thoughtful planning

for a piece d technology or technique Students should be
introduced to the roles & models and simulations in these
processes (Page 192)

Implement a proposed design. A variety o skills can be
needed in proposing a solution depending on the typefo
technology that is involved. The construction foartifacts
can require the skills d cutting, shaping, treating, and
joining common materials (eg., wood, metal, plastics and
textiles). Solutions can also be implemented using computer
software. (Page 192)

Evaluate the solution and its consequences. Students
should test any solution against the needs and criteria it
was designed to meet. A this stage new criteria not
originally considered may be reviewed. (8ge 192)

Social and economic brces strongly influence which
technologies will be developed and used. Which will prevail
is affected by many fctors, such as personal values
consumer acceptance patent laws, the availability d risk
capital, the federal budget, local and national regulations
media attention, economic competition, and tax incentives
(Page 57)

Human inventiveness has brought new risk as well as
improvements to human eistence (Page 57)






