I N TRODUCTION

WHAT I1s ScieNck, OpTics & You?

Science, Optics and You is a standards-based
interdisciplinary science curriculum package
for elementary students and teachers through
which they can explorelight, color, and optics.
Activities are designed to engage studentsin
active investigation of the properties of light
beginning with lenses, shadows, prisms, and
color, leading up to the use of sophisticated
instruments that scientists use to help them
understand the world.

The materials are presented in ways that
encourage the asking and answering of
guestions related to light and optics and that
provide strategies for students and teachersto
incorporate questioning into the study of
science at theelementary level. Science, Optics
and You was designed with the premise that
elementary classroom science should be an
integrated, multidisciplinary core subject that
incorporates critical thinking skills, specific
performance skills, aswell asreading, writing,
and communicating skills that transfer easily
to other subject areas. For that reason, Science,
Optics and You has a strong interdisciplinary
component that includes language arts,
mathematics, social studies, art, and history.

The Science, Optics and You Guidebook is
made up as follows:

» Front Materials to orient teachers to the
perspectives from which the package was
developed. This section includes
instructions and strategies on how to use
the materials. Also included in the front
section of the Guidebook are general
strategiesfor using visual toolsto construct
knowledge, constructing graphs and data
tables, using historical and artist vignettes
to teach science, alternative methods of
assessment, and other pedagogical issues.

Eight Science, Optics and You Modules.
Each of the first six modules includes
activities that are grouped by concepts
covered. A Student Self-Check of
performance skillsand conceptsisincluded
for Modules 1-6. Modules 7 and 8 are a
combination of research and project ideas
and activitiesthat will enrich the experience
for studentswho wish to go further into the
study of light and optics. Practical
applicationsare explored in Modules 7 and
8 with explanations of technology that is
dependent upon an understanding of optics.
Thereareatotal of 25 activities (see Table
of Contents).

Accompanying each activity is an artist
vignetteand ahistorical vignette. Vignettes
are designed to put the concept from the
activity into a context that encourages
further explorations. Each vignette has
activities to help students explore the
impact that the study of light and opticshas
had upon our culture. (For further
discussion of using vignettesin theteaching
of science, see“Artin Science” and“Using
Historical Vignettesin Science.”

Each activity is cross-referenced to State
Standards.

Each activity isaccompanied by Extensions
that include enhancement activities in
literature, reading, writing, mathematics,
social studies, art, music, and history.
References to web sites and interactive
web-based tutorials.

Reproducible Student Pages written
independent or collaborative group use.
Appendices include transparencies that
enhance teachers’ and students’
understanding of basic concepts, an
annotated bibliography of literature books
recommended throughout the activities,
and an annotated reference list of resource
books for teachers, and blackline masters.
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UsiNng CENTERS TO TEACH SCIENCE

You arewell acquainted with the use of centers,
or exploration areas, in the elementary
classroom. Centers that enhance the teaching
and learning of science arethosethat encourage
students to do science rather than just
experience an activity. The use of learning
centers to investigate different facets of a
particular unit of study is a way to expose
students to many different activities over a
period of time.

In classrooms where one teacher teaches all
subjects, a“scienceared’ can be equipped with
objects and materialsthat can be used all year.
Materials such as magnifying glasses, rulers,
tape measures, scissors, different types of
containers, beakers or graduated cylinders for
measuring volume, modeling clay, straws,
string and other materialsthat are inexpensive
but are used frequently can be kept inthisarea.
Students can visit the area as time permits. If
activities are available that allow students to
study aproblem, design waysto investigatethe
problem with the materials provided, and to
record their results in a notebook or journal,
then students are involved in doing science.

In designing learning centers, it is important
that each center be as flexible as possible in
allowing manipulation of materials that allow
students to pose questions and seek answers.
These centers may involve pencil and paper
tasks or actual experiments used to test
guestions students may have.

It is important to remember that students will
find sciencelearning meaningful whenthey are
allowed to raise their own questions and try to
figure out answers. Trueinquiry-based science
activitiesprovidefor thisflexibility. Activities
or materials and tools themselves do not help
students develop their own ideas about the
world. Students need to make connections
among thingsin their lives that make senseto
them. These connections may not make sense

toyou, but if you have provided some content,
the skillsto ask and answer questions, and the
material sto conduct research or investigations,
then students will be able to interpret
knowledge in their own way and at their own
pace.

If aseriesof centersisdesigned for usewith a
particular unit of study, the time provided at
each center should allow students enough time
to complete the activity, but you will need to
plan activities so that each center iscompl eted
in the same amount of time. Students should
be challenged, allowed adequate time to
investigate, and some time to make sense of
what they have learned. This could come in
many different forms, graphing, making
observations, or recording data in their
notebooksor journals. Sharing what they have
experienced at theend of all of the activitiesis
important. By encouraging studentsto express
what they have learned from the experience
allows them to emulate the way scientists in
the real world conduct their work
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SciENTIFIC INQUIRY

A vision for science education as stated in the
national and state standardsisthat all students
become scientifically literate asthey enter the
21% Century. The Science, Optics and You
Guidebook supportsteachersasthey makethis
happen. The guidebook contains eight modules
and 25, inquiry based and hands on activities.

Inquiry based science instruction in the
elementary classroom includes the processes
of science: observation, inference, and
experimentation combined with scientific
knowledge and critical thinking skills. The
students use critical thinking and scientific
knowledge as they observe the natural world
to develop an even deeper understanding of
science. Science, Optics and You uses inquiry
based instruction by encouraging students to
develop the ability to think critically, ask
guestions, develop strategies to answer their
guestions and communicate their findingsin a
variety of ways. Inquiry based instruction does
require that the learner have opportunities to
explorethe content. Then students can develop
guestions about the subject. This means they
will have to manipulate equipment, read, use
theinternet, interview, ask questions of others,
and document their observations to gain an
understanding so they can develop questions
which they can think about. Current research
in teaching and learning states more
information isretained when studentsaregiven
opportunities, support and encouragement to
explore their own questions. This type of
authentic based instruction is reflected in the
Science, Opticsand You modulesand activities.

Hands-on instruction is different from inquiry
in the following ways.

1. Hands-oninstruction doesnot awayshave
acritical thinking component.

2. Hands-on instruction may not utilize the
students ideas for shaping explorations.

3. Hands-on instruction and inquiry based
instruction are not mutually exclusive. In
other words, hands on instruction does not
guaranteeinquiry.

4. Hands on activities provide the students
with the opportunities for exploration and
manipulating equipment so further
guestions may be generated.

5. They provide the students with the
opportunities for observing, documenting
those observations, measuring, recording,
interviewing or drawing conclusions. These
processes may stimulate more authentic
guestions, which would lead the student to
do inquiry typeinvestigations.

Inquiry based instruction and hands on science
instruction are opportunitiesfor successin the
elementary classroom.

GRAPHIC ORGANIZERS

Students and teachers use graphic organizers
to help them arrange ideas in ways that make
sense to them. Graphic organizers can be
powerful tools to create visual pictures of
information to help students see patterns and
relationships. It has been said that apictureis
worth athousand words. Thisisespecialy true
for graphic organizers. A good graphic
organizer can facilitate aholistic understanding
of complex conceptsby illustrating at aglance
the key parts of the whole and their
relationships. Graphic organizers are
particularly useful as prewriting tools for
students to use for organizing their thoughts.

There are many types of graphic organizers.
They include webs, Venn diagrams, matrixes,
concept maps, and others. The type of
organizer to be used depends on the nature of
therelationshipsthat need to beillustrated. The
following are some examples of graphic
organizers and descriptions of how they can
be used.
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Webs

Webs are used to describe a central idea. It
could beathing, aprocess, or aconcept. Webs
are based on the thought process of identifying
amain ideathen its attributes or functions. In
language artsthey could be used to analyzethe
traits of main characters in literature. In
mathematics they could be used to identify
attributes of geometric shapes. Insocia studies
students can use websto analyze cultural traits.
In sciencethey can be useto identify properties
of objects. Webs are particularly effective
visual tools for brainstorming sessions with
your students.

Parts of the Circulatory System

Chambers
of the
Heart

Blood
Vessels

Venn Diagrams

Venn diagrams, developed by John Venn of
Cambridge University, are used to describe and
compare two or more things in terms of
identifying attributes that are similar and
different. Venn diagramsconsist of intersecting

circles that illustrate how, things, people,
places, events, or ideas are alike or different.
They identify and isolate those characteristics
that are shared and those that are not shared.

Ramona

girl

lives in apartment

likes pizza

lives on Oak Avenue

likes to ride bikes

friends
likes candy
watches TV
lives in Orlando

classmates

boy

lives in house

likes hamburgers

lives on First Street

likes to swim
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M atrixes

Matrixes are essentially tables with rows and
columnsthat are used to show similaritiesand
differences between two or more things.

Matrixes are particularly useful for comparing
many things and many attributes at the same
time.

Student Height Weight Resting Heart Rate | Quiet Breathing Rate
in Ibs. Breaths Per Minute | Beats Per Minute
Amanda 411 103 85 22
Carlos 410" 101 87 24
Ramona 48" 94 84 21
Jesse 410" 96 86 23
Monica 50 108 85 22
Concept Maps

Concept maps are special types of webs used
to map, organize, or describe the thinking
process and complex relationships. Like
simplewebs, concept maps are used to identify
related concepts and subconcepts. However,
with a concept map, the links between the
various cells are label ed to describe the nature

of the relationships. Arrows can be used to
describethedirection of therelationships. The
rel ationships between concepts can beread like
a sentence. These additional features make
concept maps useful and effective in graphing
relationships, which are complex.

Exchange of Oxygen (O,) and Carbon Dioxide (CO,)
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Graphs

Competencein graphing skillsis necessary for
anumber of SCIENCE-U activities. Students
will be asked to use the tools of data analysis
for recording, managing and displaying
information (MA.E.2.2). They will be given
opportunitiesto learn to use graphs astoolsto
create pictures of relationships.

One of the skills needed to construct graphsis
organizing dataintables. Organizing datainto
tables hel psyour studentsto see patternsin the
data and makes it easier to construct graphs.

Constructing Data Tables

When elements of an observation arerecorded,
the measurements made are called data.
Measurements of time, temperature, volume,
and rates are examples of data. There are no
absolute rules for constructing tables of data.
However, the manipulated variable is usually
recorded in theleft column and the responding
variable is recorded in the right column. A
manipulated variable is the one the
experimenter changes in order to observe a
response to the change. For example, the data
table below isarecord of measured heart rates
after avariety of activities. The manipulated
variable is an activity and is recorded in the
left column. Heart rate is the responding
variable and is recorded in the right column.

Activity Heart Rate (BPM)
Resting 85
Walking 130
Playing Tag 145
Playing Basketball 170
Playing Soccer 180

150

140

130

120

110

100

90

80

70

Resting Walking  Playing Tag

Constructing Bar Graphs

Using a well organized data table makes
constructing a bar graph much easier for your
students. Students can use the information to
construct abar graph similar to the one below
based on our measurement of heart rates data
table. Students can use graph paper to construct
thebar graph. Thefirst stepisto label the axes
of the graph. The convention is to use the
horizontal axisfor the manipulated variableand
the vertical axis is used for the responding
variable. However, thesemay bereversed. The
FCAT recognizes either way of structuring the
graph as acceptable.

The next step isto determine an interval scale
that is appropriate for the data to be graphed.
Inthe case of heartbeats per minute, aninterval
of 20 beats is appropriate for illustrating
changes and trends. The final step is to plot
and draw bars with the designated lengths.

Constructing Line Graphs

A line graph is the best way to represent a
continuous changein data. For example, aline
graph might be used to show how the length of
a flagpole shadow changed from one hour to
the next during the day. Students would
construct adatatable as shown inthe example.
Graph paper should be used to construct the
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line graph. The axes are drawn and labeled
and appropriate intervals indicated as in the

example. Points are then plotted to represent
thetwo related sets of data, and alineisdrawn

to connect the points. If measurements of the

shadow were made every hour, these points
would be plotted and straight lines drawn

between the points. There is an assumption

with aline graph that even though theonly rea
data points are those that are plotted, the line

between pointsrepresentsimplied data. Inthe

example, a shadow did exist at all times, and
itslength did not jump or drop from one plotted

valuetotheother. 1t changed continuously and

Time Length of Shadow

in Meters

8:00 4

9:00 3.25

10:00 2.50

11:00 1.75

12:00 L

1:00 1.75

2:00 2.50

3:00 4

gradually assuggested by thegraph. Therefore,
astudent could usethegraph toinfer thelength
of the shadow at times other than when
measured.

Shadow

Length of Flag Pole

4.25

4.00 \

3.75 N

3.50 \
3.25 \

3.00 \

2.75 \
2.50 \
2.25

Length of Shadow in Meters

2.00 N
1.75 \
1.50

)

N
1.25 A

//

1.00 Y

8:00 9:00 10:00 11:00 12:00

Time

1:00 2:00 3:00

30.48cm = 1f
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Circle Graphs

Circle or pie graphs are used when a total
amount has been divided into parts and the
interest isin theratio of each part to the whole
and not so much in the particular quantities.
For example, the circle graph below shows a
comparison of the amounts of blood flow to
various parts of the body. Pie graphs can be
made from computed percentages. To do this
the numbersin each category are added to form
thetotal or whole. By dividing each of the parts
by the whole with a calculator, numbers
between zero and one will result. If rounded
to hundredths, these numbers are now
percentages of thewhole. Check that the total
1100 percent since rounding may cause some

error. Using acompass, ruler, and protractor a
circle graph can be constructed. Thisrequires
an understanding of the relationship between
percentages and the degrees of acircle. Each
18 degrees of acircle represents 5 percent, 36
degrees represents 10 percent, 90 degrees
represents 25 percent, 180 degrees represent
50 percent, and so forth. To facilitate
construction, a hundredths disk can be used to
construct the graph. It is worth noting that
computer software programs are available to
produce avariety of graphs. Circlegraphsare
included in almost every computer spreadsheet
and graphing program.

Other 10%

Abdomen 24%

Kidnet 19%

Distribution of Blood Flow

Brain 13%
Heart 4%
Skeletal
Muscle
21%
Skin 9%
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INTEGRATING SCIENCE WITH READING AND WRITING
Science in the real world requires
communication of research results,
dissemination of information, and synthesis of
findings. Included in all Science, Optics and
You modules are opportunities for students to
read and write to articulate the concepts
covered in the activities. Reading and writing
about issues in science stimulates thinking,
encourages participation, and motivates
students to become responsible consumers of
information (Dickson, 1995).

Reading in Science

Reading is not necessarily limited to factual,
nonfiction material becauseit isbeing donein
the context of science. Thereisagreat deal of
well-crafted fiction as well as nonfiction
material written for children that can enhance
any science program by introducing students
to alternative ways of thinking about science
concepts. Different techniques are necessary
for the different types of materials, however,
and when reading from technical literature, it
may be necessary to guide students’ reading
until they are comfortable on their own.
L earning strategies such as outlining, concept
mapping, and highlighting main ideas can be
used to help students with expository reading.
When in reading fiction books, with a little
practice, students will quickly become adept
at distinguishing between science facts and
fiction. Science, Optics and You activities
provide suggestions for both fiction and
nonfiction bookswhich can be used to enhance
activities, extend student thinking, and
reinforce concepts. Science, Optics and You
activitiesalso include reading experiencesthat
are geared to address specific reading
benchmarks of the Florida Sunshine State
Standards, and to prepare studentsfor the types
of challenges found on the FCAT.

Writing in Science
Being ableto shareresultsand ideaswith others
through writing is a dynamic process that

happens every day in science. The portrayal
of science as a body of information or a
collection of factsto be memorized precludes
writing understandable research reports,
readable biographies, nonfiction accounts of
scientists, or fictional stories. Writing of any
sort extends students' learning of science as
they articulate concepts. Further, presenting
results of an experience or knowledgeto others
requires agreat deal of confidence, which can
be gained from believing you have accurate
information as students expand their reading
experiences.

Included in Science, Optics and You activities
are opportunities for students to write about
what they have learned in a variety of ways.
Whileresearch writing isan important science
skill, children often resist when assigned to
writereportsand respond with sterileand stilted
compositions (Matz, 1990). Therefore,
Science, Optics and You includes writing
activitiesthat add the elements of self-reflection
and creativeimagination. The Science, Optics
and You writing activities are designed to
provide studentswith experiencesthat promote
the effective use of the writing process
consistent with standardized tests.

Journal writing and reflective writing are two
ways for students to clarify their thinking and
articulate science concepts. These techniques
also provide the teacher with unique insights
into how students learn and what the are
learning. Throughout the Science, Optics and
You modules students are encouraged to
maintain Science Notebooks. The Science
Notebook isavehiclethat encourages students
totake notes, expressthemselves, clarify ideas,
criticize their own thinking, and reflect on
ideas. ScienceNotebooksalso providearecord
of datacollected, questionsto be answered, and
serve as a ready reference for subsequent
inquiries.

Sciencg, OpTics & You GUIDEBOOK

-iX -



In addition to the Science Notebooks, teachers
areencouraged to offer studentsvaried writing
opportunities such as.

* Composing letters and/or email to other
studentsinthe school or in remotelocations
to share science-related experiences, to
request information from scientists, towrite
persuasive | etters about scientific or social
issues, or to contact legislators and public
figures who affect public policy.

» Developing picture or easy reading books
written and published by students to
introduce scientific concepts to younger
students.

» Creating poems and skits about the topic
being studied, to personalize the
information or concept learned through the
expressions of the affective domain.

» Writing storiesusing avariety of techniques
and representing a variety of genres; for
example, science fiction or fantasy based
on scientific ideas, life in the future, life
and creatures from prehistoric times, life
in a different environment, imaginary
creatures and distant worlds.

e Other writing opportunities include
creating web pages, fact books,
guidebooks, manuals and video
productions, writing newspaper or
magazine articles, editorials, interviews,
dictionaries, technical reports, posters, and
advertisements. Thesewriting experiences
will draw studentsinto the inquiry process
and lead to understanding and internalizing
of new ideas.

ASSESSMENT

The assessment portion of Science, Opticsand
You is designed to improve teaching and
learning rather than supply teachers with
assessment for monitoring. However, how you
opt to use this section is a decision that only

you can make based upon your school and
classroom needs and the individual personality
of each class.

Each assessment task in Science, Optics and
You has been designed to conform with
National Science Education Assessment
Standards. Formative and summative
assessments are addressed. It is assumed that
you will know best which task to choose for
which purpose at different times. Formative
assessment isused to gather information so that
you can plan future work for your students.
Formative assessment is a diagnostic tool in
that it helpsthe teacher decide how to proceed.
Summative assessment, on the other hand, is
used to determinewherethe studentsarewithin
a certain continuum. Summative assessment
answers the question, “How far have my
students come?’ It isthe type of information
that you would provideto parents—asummary
of the child’s progress.

Each task is accompanied by suggestions to
help you determine whether the students you
teach with their specific and particular needs,
abilities and interests, have successfully met
the goals for the assignment. What have
studentslearned? How did they learnit? Why
did students find it important? What
connections have students made with other
disciplines? Where can studentsgo from here?

Types of Assessment:

Performance assessment refers to tasks that
students engage in for a long period of time
and do something that results in a product.
Performance assessment is embedded in each
activity. Each time you ask a student to solve
a problem using the concepts and content in
an activity, that student is required to
demonstrate a knowledge that goes beyond
memorization of facts for a multiple-choice
test. If students measure the temperature of
water they are demonstrating that they are
proficient in using a thermometer. Taking a
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measurement to show proficiency in
measurement is a performance assessment.
When you look around your classroom and
students are working together simulating real-
world decision making situations, thisis also
performance assessment. Other examples of
performance assessment tasks include
brainstorming, using content and concepts in
unstructured ways, rel ating science conceptsto
other areas of study, using multiple methods
of communication to present science concepts
to others, reading and writing about science,
or analyzing datain a coherent way.

Any method of collecting work in an organized
fashion as evidence of learning can be
considered a“portfolio.” Portfolio assessment
can take many forms. For example, the Science
Notebook that the students maintain for aseries
of investigations can be considered aportfolio
since it will contain most of the information
and analysisrequired for each activity.

Authentic assessment simply means that the
students are thinking like and doing tasks like
scientists do. In the case of the Science
Notebook, keeping a log of information is
something scientistsdo. In addition, sincethe
students know the purpose of the notebook and
itsrole in the activity, keeping the notebook is
an authentic task.

Assessment Choice

Current theories about assessment in
classrooms encourageteachersto give students
choices about how they can best display their
newfound knowledge. Thisis not to say that
with each assignment, students should be
allowed to do whatever they please; rather,
students need a repertoire of resources from
whichto select the onethat allowsthem to best
demonstrate what they havelearned. Certainly
there are times when you decide what isto be
completed, how, and when. By suggesting a
variety of ways in which students can display

their knowledge, you enable students to select
the best assessment tasksand display strategies.
By making aconscious selection of one option
from an array of tasks, the student frequently
takes ownership of that particular assignment

What areyour students expected to know?
Science, Optics and You expects that your
students will use certain skills or will acquire
those skills as they complete each Module.
Many students cometo the the classroom with
a repertoire of problem-solving and critical
thinking skills. However, it cannot be assumed
that al students have these skills when they
enter the science classroom. It isadvisableto
determine at the beginning of the school year
those learning skills that you will want to
develop. Using Science, Optics and You to
develop some of these skillsis an option, but
you will want to choose your groups carefully
and rethink your expectationsif these skillsare
being introduced. Skills listed here are not
subj ect-specific and should increase students
opportunities to be successful in all content
areas.

Brainstorm: Students clarify ideas in either
small or large groups without judgments being
madeasto“right” or “wrong” answers. Groups
generate a large number of ideas from which
to choose. Brainstorming encouragesdifferent
perspectives and allows each person to
contribute without question.

Draw conceptions: If students have never been
asked to draw their idea of something, they may
need some guidance. In the case of Science,
Optics and You, students will draw, for
example, their idea of how rainbows are
formed. The drawing supplies a permanent
document that can be revisited at a later time,
added to, or subtracted from. In some cases,
students are not able to articulate their ideas,
but can draw them. When asked to explain
their drawings to you or another student,
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students can often clarify their thoughts more
easily.

Group roles: Regardless of how you chooseto
design your groups (you choose, students
choose, same groups for all activities, or
rotating roles in static groups, for example),
students should have assignedroles. Theroles
represent tasks that need to be completed but
include some discussion of the fact that the
defined tasks are not the sole responsibility of
one person; rather, the group maintains
responsibility for the total product. Examples
of group roles are: recorder, spokesperson,
materials manager, and timekeeper. Theseroles
could rotate on a regular basis or could be
chosen by you based on identified areas in
which studentsexcel or based on areasin which
you believe students need more practice.

Articulateideasand reach group consensus. In
each Science, Optics and You activity, you are
asking your students to make decisions as a
group. This is a skill that many elementary
students may not have. You will need to guide
some groups with a discussion of decision
making and listening skills. You may need to
speak about leadership versus authoritative
behavior and leadership versus dominance.
Although students may have done groupwork
previously, they may be just getting to a point
where true collaboration is apossibility.

Critical analysis skills: Some skills that will
be necessary to devel op through these Modules
are distinguishing between similarities and
differences, being ableto compare and contrast,
identifying the main idea in a paragraph or
article, and distinguishing between fact and
fiction.

Group wor k/Cooper ative L earning

Science, Opticsand You isdesigned to support
students working in pairs or groups of four.
How groups are chosenisup to you. Students
will realize after several experiences working

ingroupsthat workinginagroup isnot working
near other people, but with other people.

Thereare several waysto set up for group work:
you choose the groups based on areas of
expertise or areas in which students need
practice; students choose their own groupsfor
the maximum comfort level; or groups are
chosen randomly. Regardless of how you
decide to implement the groups, thereis some
preliminary discussion that is necessary about
your expectations, group roles and
responsibilities, and ultimately what is
expected of the final product. In the case of
the Science Notebooks, it isimperative at the
start of Science, Opticsand You that you make
it very clear that the Notebooks areindividually

completed, but based on the collaborativework.

Learning Styles

Each person has a way of learning and
presenting evidence of that learning. A learning
style should not be confused with multiple
intelligences as presented by Howard Gardner.
A learning style is a way of approaching
learning that is usually applied to all content.
Some students learn well by listening and
repeating information orally; others
demonstrate what they havelearned by creating
artwork. Still other students can incorporate
science conceptsinto creativewriting material,
while some students do well with graphic
organizers such as charts, graphs and concept
maps. Thereare studentswho prefer amultiple
choice-typetest to demonstrate what they have
learned. More and more frequently students
create multimedia projects to display their
learning. It is our intention that these
assessment materials provide you and your
students with enough choicesto accommodate
thelearning stylesof all the studentsthat arein
your classroom.
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Rubrics

A rubricispart of the process of scoring student
work by determining astandard of performance
based upon your class. (I refer you hereto the
National Science Education Standards
discussion of assessment.) Setting up arubric
for each assessment task serves several
purposes including clarifying teacher
expectations and providing students a clear
guide to measure how well they are meeting
these expectations. Thereisno question about
whether astudent issuccessful if thereisaclear
understanding of what isrequired when thetask
is assigned. An example of a rubric for a
diagram about rainbows might be:

A. The diagram includes a prism or a water
droplet acting like a prism, has a title,
illustrateswhite light being broken into the
colors of the visible spectrum, and has the
colors of the spectrum represented in the
correct order.

B. Thediagramincludesall aprismor awater
droplet acting like a prism, has atitle, and
illustrateswhite light being broken into the
colors of the visible spectrum.

C. The diagram includes a prism or a water
droplet acting like a prism, a title, and
illustrates white light as different colors
after it hitsthe prism or water droplet.

D. Thediagram does not include aprism or a
water droplet acting like a prism and does
not indicate in any way that white light is
actually composed of the colors of the
visible spectrum.

F. The diagram includes a drawing of a
rainbow.

To encourage students to further take part in
self-evaluation, you could havethe class create
the rubric. Discussing the criteria of acertain
task helps students clarify what they need to

do to be successful. Being certain that your
expectationsare clearly defined for studentsis,
in many instances, the key to their success or
failure. Further, it makesyour job easier, since
many questions have been addressed ahead of
time. Studentswill not come back to you later
with questions about why they got a certain
grade.

An excellent resource for further information
on assessment in science and mathematics
classroomsis Science Assessment inthe Service
of Reform edited by Gerald Kulm and Shirley
M. Malcom, American Association for the
Advancement of Science, 1992. ISBN 0-
87168-426-8.

CURRENT ISSUES

Any time students make thelink between what
ishappening inthe science classandreal lifeit
isavictory for the science teacher. A ssimple
comment such as “| saw arainbow yesterday
on my way home and | know how it is made,”
becomes a teacher’s badge of honor. Using
magazines, videos, television, and newspapers
in the classroom is a valuable technique
especialy in science. Scientific research and
development laboratories announce new
discoveriesevery day. Sometimesinthe course
of just one school year adiscovery or invention
isannounced and soon thereafter isrepudiated
or worse rejected as fraudulent. Students are
more aware than ever of issues such asAIDS,
cloning, space travel, and environmental
problems. Tapping into their natural curiosity
about such issuescan aleviatefearsand answer
questions. Reading expository material is a
skill that israrely “taught.”
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INTERDISCIPLINARY/ INTEGRATED APPLICATION

Science, either inthe classroom or inaresearch
laboratory, is not done in isolation. Current
events, history, literature, art, and music
influence even scientists who have a very
specific area of interest. To study sciencein a
classroom that is devoid of these other areas
of interest is not only artificial but also sends
the wrong message to middle level students.
Regardless of the science discipline being
studied, it is imperative that students begin to
make connections between what they are
studying and real-world applications. Using
the knowledge gained in their science
classroom to enhance the study of geography
or language artsreinforcestheinterdisciplinary
nature of science. When students find
relationships between and among the subjects
that they study they are more likely to find
intrinsic value in the knowledge they are
gaining.

MISCONCEPTIONS IN SCIENCE

One of the most difficult jobs ateacher hasis
determining what students know, what they
think they know, and how to use that
understanding to facilitate further
understanding. Many students cometo science
classrooms with misconceptions about the
world, how the world works, and where wefit
in. Thisis partially due to misinformation,

misunderstanding, and attempts to understand
concepts that are too big to even contemplate
without good models. Using misconceptions
as ajumping off place for science exploration
can be a good strategy because the student is
already comfortable with the idea behind the
misconception. Correcting misconceptions
requiresthat students must clarify conceptsand
then find a replacement for the mistaken idea.

Science FicTion

Distinguishing fact from fiction is a skill
previously mentioned as necessary in the
science student’s repertoire of competencies.
As students attempt to determine what parts of

a science fiction story could be true and the
parts that could not be possible, they begin to
describe what they know. In order to identify
and defend the factual portions of a science
fiction story, students need to find evidence to
back up their claims. Science fiction helps
studentsdiscover the effect that science hason
their lives and how science could affect the
future. Science becomes much more than a
collection of facts. It takeson new meaning as
studentstry toimaginethefuture. Thisrequires
that students take a look at society today in
order to imagine how it will be in the future.
Current technol ogical advancesform thebasis
for inventing new modes of transportation, new
ways of getting information, and ways of
understanding new scientific research
breakthroughs (for example, cloning).

UsING HisTORICAL VIGNETTES IN SCIENCE

In Science, Opticsand You, historical vignettes
are used to enhance each activity. These
vignettes serveto explain some of the scientific
contributionsthat have been made by scientists
and how these scientistswere either influenced
or limited by the culture of the time. All of the
historical vignettes have extensions that
encourage writing, additional research or serve
as springboardsfor group or classdiscussions.
Historical vignettes may be about the lives of
scientists who have increased our
understanding of science. They may be used
as teacher background information or for
“story-telling.” Storiestold by teachers often
capture theimagination and interest of students,
and make the learning experience more
meaningful.

According to Sciencefor All Americans(1990),
knowledge of the way science works is an
important component of scientific literacy.
Science requires creativity, imagination and
insight. Students should be encouraged to think
about what isgoing on and use their creativity
and imagination to explore conceptsin science.
The idea of vignettes may be extended so that
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they tap into the creativity and imagination of
students. Instead of using the vignettes
provided in Science, Optics and You, students
may create and present their own vignettes to
the class as multimedia presentations or skits,
including period costumes. Vignettes could be
assigned to different groups in the class, and
students in these groups could extend the
impact of their historical vignette by producing
a bulletin board as a “ Scientist of the Week”
theme. Students will find alist of scientiststo
research at http://micro.fsu.edu/optics.

UsiNg ARTIST VIGNETTES IN SCIENCE

Many conceptsin sciencewould bedifficult to
understand if drawings, diagrams and models
were not used. For this reason in Science,
Optics and You there are many activities
involving art and science. Included in each of
the activities is an Artist Vignette. These
vignettes encourage students to make
connectionsthat exist between scienceand art.
All of theartistsfeatured in these vignettes have
used some of the principles or applications of
optics including light, lenses, mirrors, color,
photography, shadows, or optical illusions. For
example, in Module 3: Activity 7, Mirrorsand
Multiple Images, the Artist Vignette is about
LeonardodaVinci. Inthisvignetteadiscussion
of possible reasons for him using “mirror
writing” in his notebooks is included. This
leads directly to an activity in which students
are encouraged to try mirror writing and then
usethemirrorsintheir Science, Opticsand You
package to read their messages.

Another use of art in the Science, Optics and
You modules involves students drawing or
making diagramsas methods of explaining data
or asaway of problem solving. For example,
in Module 4, Activity 8: Light, Prisms and the
Rainbow Connection, students are encouraged
todraw apicturethat illustrates how to produce
the color spectrum by using aflashlight and a
prism. This technique reinforces what the
students have discovered in the laboratory

activity. Diagrams can also be used asaform
of performance based assessment, or may be
placed in students’ portfolios as evidence of
skills mastered.

Artist Vignettes analyze techniques used by
certain artistsand encourage studentsto model
those techniques. The use of primary versus
secondary colors, Pointillism, Impressionism,
and the application of photo micrography are
techniques that manipulate color, and light.
For students the use of Artist Vignettes helps
them realize that science is not an isolated
subject, but is interwoven with other areas of
study such as art, math, history and language
arts.

RESEARCHING IN SCIENCE

By the end of the fifth grade, students should
support their statements with facts found in
books, articles and databases and be able to
identify the sources used (Benchmarks for
Scientific Literacy). For thisreason, students
need to be comfortable with using avariety of
mediato find information. In Science, Optics
and You, there are many opportunities for
students to research topics about Optics.
Whether studentsuselibrary books, magazines,
newspapers, encyclopedias, videos, or the
Internet, they may need some assistance with
how and when to use each of these forms of
media.

Before beginning research on aparticular topic,
students need to know where to look.
Recognizing thetype of information they need,
whether it is facts, opinions, news reports, or
historical information from primary sources,
knowing where to look will make their task
easier. If studentsare searching for information
on some current event, then a reliable
newspaper like the New York Times or the
Washington Post will be a useful source.
Checking thedate of publicationisasimportant
asthe choosing which publicationto use. Itis
important for students to be aware of the date
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that any article was published. Materials,
especially science materials, become outdated
quickly and may not be current enough to be
useful. On the other hand, if a student is
looking for an historical perspective, the date
may not be of primary importance.

Here are some sampl e citations taken from the
APA Publication Manual:

Book: Author, I. (date). Title. City,
State: Publisher.

Article in a magazine or _newspaper.
Author, |. (date). Title. Journal, Volume
#, page number.

Internet sources can be very timely and very
useful, but they should not be the only source
of information that the studentsuse. Thereare
several caveats about using the internet with
any level students.

» Check al websites before recommending
them to students or using them in class.
Thisincludes al links from that website.

»  Students need to understand that they must
cite the website just as they would give
credit to an article or book. Here is an
exampleof how to citeon-lineinformation:

Author, 1. (date). Title of article. [On-
line]. Available: Specify path.

» Forms for citing on-line information can
be found in Li and Crane’s (1993)
Electronic Style: A Guide to Citing
Electronic Information.

* Information and graphics found on a
websiteisusually copyrighted material. It
is technically illegal for students to print
out material from awebsiteand claimit as
their own.

* Materia found on websites cannot be used
for other purposes unlessthe creator of the
website gives his or her permission.

e The source of information found on
websites should be checked carefully. The
informationisonly asreliable asthe source.
Students should be told that just because
they find something on a website does not
mean that it is dependable.

How To DesioN AND Use Discovery CENTERS
You arewell acquainted with the use of centers,
or exploration areas, in the elementary
classroom. Centers that enhance the teaching
and learning of science arethosethat encourage
students to do science. The use of learning
centers to investigate different facets of a
particular unit of study is a way to expose
students to many different activities over a
period of time.

In classrooms where one teacher teaches all
subjects, a“sciencearea’ can be equipped with
objects and materialsthat can be used all year.
Materials such as magnifying glasses, rulers,
tape measures, scissors, different types of
containers, beakers or graduated cylinders for
measuring volume, modeling clay, straws,
string and other materialsthat are inexpensive
but are used frequently can bekept inthisarea.
Students can visit the area as time permits. If
activities are available that allow students to
study aproblem, design waysto investigatethe
problem with the materials provided, and to
record their results in a notebook or journal,
then students are involved in doing science.

In designing learning centers, it is important
that each center be as flexible as possible in
allowing manipulation of materials that lead
students to pose questions and seek answers.
These centers may involve pencil and paper
tasks or actual experiments used to test
guestions students may have. It isimportant
to remember that students will find science
learning meaningful when they are allowed to
raise their own questions and try to figure out
answers. Trueinquiry-based science activities
provide for this flexibility. Activities or
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materials and tools can help students develop
their own ideas about the world by making
connections to things in their lives. These
connections may not make senseto you, but if
you have provided some content, the skillsto
ask and answer questions, and the materialsto
conduct research or investigations, then
studentswill be ableto interpret knowledgein
their own way and at their own pace.

Students should be challenged, allowed
adequatetimeto investigate, and provided time
to make sense of what they havelearned. This
could comein many different forms: graphing,
making observations, or recording datain their
notebooksor journals. Sharing what they have
experienced at theend of all of the activitiesis
important. By encouraging studentsto express
what they have learned from the experience
allows them to emulate the way scientists in
the real world conduct their work.
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You arewell acquainted with the use of centers, or exploration areas, in the e ementary classroom.
Centers that enhance the teaching and learning of science are those that encourage students to
do science. The use of learning centers to investigate different facets of a particular unit of
study isaway to expose students to many different activities over a period of time.

In classrooms where one teacher teaches all subjects, a “science area’ can be equipped with
objects and materials that can be used al year. Materials such as magnifying glasses, rulers,
tape measures, scissors, different typesof containers, beakersor graduated cylindersfor measuring
volume, modeling clay, straws, string and other materials that are inexpensive but are used
frequently can be kept in thisarea. Students can visit the area astime permits. If activitiesare
available that allow students to study a problem, design ways to investigate the problem with
the materials provided, and to record their results in a notebook or journal, then students are
involved in doing science.

In designing learning centers, it isimportant that each center be asflexibleaspossiblein alowing
manipulation of materials that lead students to pose questions and seek answers. These centers
may involve pencil and paper tasks or actual experiments used to test questions students may
have. Itisimportant to remember that studentswill find science learning meaningful when they
are alowed to raise their own questions and try to figure out answers. True inquiry-based
science activities provide for thisflexibility. Activitiesor materials and tools can help students
develop their own ideas about the world by making connectionsto thingsin their lives. These
connections may not make senseto you, but if you have provided some content, the skillsto ask
and answer questions, and the materials to conduct research or investigations, then students
will be able to interpret knowledge in their own way and at their own pace.

Students should be challenged, allowed adequate time to investigate, and provided time to
make sense of what they have learned. This could come in many different forms: graphing,
making observations, or recording datain their notebooks or journals. Sharing what they have
experienced at the end of all of the activitiesisimportant. By encouraging studentsto express
what they have learned from the experience allows them to emulate the way scientists in the
real world conduct their work.
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