Enabling

'Tiez\emann

~Students to
l.earn Science

"9 ommunicating with students in roday’s
" high school science classroam is challenging
, for teachers becuuse the majority of them
% speak only English (Darling-Hammond
and Sclan 1996). Many of their students, kowever, do
not speak English as their primary language. This cre-
ates an instructional barrier across the content areas, and
especially in science where much of
the learning is abstract and hard to
grasp for those who do not speak -
the language of instruction well.
This created a big chalienge
for me as 1 prepared preservice
teachers of secondary science
in the state of Utah in 2004, In
many school districts through-
out Utah the percentage of
English language learner
{ELL) Latino students is
around 40% of the total sta-
dent.population (Utah State
Office of Education 2004).
One way I found to bridge
this gap in secondary science and to teach Eng-
lish as a second language is through the use of portfolios.

Communicating through portfolios

Teachers have used portfolios, in one manner or an-
other, for many years. But they are not always used
effectively in science. This may be due to teachers
seeing portfolio grading as time- and labor-intensive.
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Using portfolios
for instruction

Many science teachers do not realize, though, thar
portfolios can be used not only for assessment but also
for instruction. Using portfolios for instrucrion ben-
efits students from many different backgrounds; stu-
dents are encouraged to reflect and write about their
learning experiences as they occur and then have con-
ferences with their teacher regarding concepts that
areunclear or misunderstood.
Through the use of port-
folios, students learn to use
writing to apply inquiry skills
and communicate their find-
ings to others. Entries require
students to apply what they
havé learned to their personal
lives. As relationships are buile
in the classroom, studenes are
more comfortable with their
learning environment and are
empowered to be mote success-
ful. The use of porcfalios can
provide all students an oppor-
tunity to gain & greater under-
standing of concepts and content
as they apply their new learning w prior knowledge
and cultural experiences.

Throughout this precess, students who may
be léarning English not only have the opportu-
nity to practice writing skills and choose their
own words in English to represent their ideas, but
they are also empowered to bring in their own
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Investigation entry,

An investigation entry s typically based on an Investigation and
isperformed in the classroom or athome, Students first come up
with the phenomenon to be tested and then state a hypothesis
or question to be investigated, The investigation entry is typicaily
presented intheformof awritten report, including tables, graphs.

Students can use the following questions to help plan
the investigation:

+ What is your question; hypothesis, or problem?

andZor figures.

The teport will contain most of the following information:

« Titla

+ Purpose

+ Hypothesis, question, or problem
» Variables

« Controls

» Procedures

+ Materials.

+ Results [data and cbservations)

« Conclusions

« References

« How will you study your question or hypothasis?

+ What kind of answers do you expect to find?

+ What steps will you take, and what equipment do you need?
+ Which factors will you vary, and which will you controf?

+ What will you measure, and how will you measure it?

« How mmardy times will you run =ach test or make each
observation?

« How will you communicate your results?
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SCASS science portfolio scoring guide.

(Reprinted with permission, CCSSQ 1996},

- Parameter
Depth of understanding:

How well do you know science?
* accuracy

+ patternsfirends

+ connection

Evidence of inguiry:

What can you do in stierice?
+ sclentific questioning

» avidencefexplanation

+» methods/data

+ analysis/conglusions
 future steps

Communication:

How well do you communicéte what you
know and can do in science?

+ clarity

+ focus/organization

«+ medium

Relevance to society:

How well do you show how science affects
people's lives?

* person and society

+ context

+ consequences/aliernatives

* connactions
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Level 4 _ : _ _
 « Scientlfiz information and ideas are accurate, thoughtfully expiained, and

accurately linked to major scientific themes or unifying concepts.

« Patterns and trends are identified, discussed, and extended through
interpolation or extrapolation.

+ Scientific connections are correctly identified and discussed,

«» Questions ars clearly identified and formulated in a manner that can be
researchéd,

+ Evidefice and explanations have a clear and logical relationship.

+ Methods generate valid data to address or resolve questions. Where
appropriate, variables snd conrols are specified.

» Analysés ar§ accurate. Conclusions are valid, detailed, and consistent
with data,

+ Future steps are proposed and linked to previous steps.

» Seientific information Is communicated ciearly and pretisely, but may
also intlude inveritive/expressive dimensions.

~ « Presentation is effectively focused and organized,
.« A variety of media snharice communication.

+ Relevant applications to personal and societal issues are identified and

_ insightully described.

+ Background information provides clear context for inferpretation.
« Consequences and alternativés ars idéntified and discussed.
+ Multiple relevant connections are made to othar content.



experiences and maKe the science content cultur-
ally relevant to them. Portfeliv use fransitions
the learning environment from being teacher-
centered to student-driven and provides more oppor-
funities for students to develop their own meanings
and ro have choices in their learning experiences.

Three easy pieces

When T taught secondary scicnce in 2001 in Ohio, the
instructional wodel of portfolio use T implemented
was one [ adapted fromy che Seate Collaborative on
Assessment and Srudent Standards (SCASS) science
portfalio curricalum (CCSS0 1996). This muodel
contains three types of portfolio pieces: the use of
inquiry and the National Science Education Standards
{NRC 1996) are a critical compenent of each entry.

Level o ,. Level2

« Scientific information and ideas are
accurate and linked to major scientific
themes or concepts,

. » Scientific information has occasional
" inaccuracies or is simplified.
. » Patterns or trends are suggested or

This replaced lab reports fof entry-level science
classes that T taughe.

Investigation

The first type of portfelio picce iy the investigation entry
(Figure 1}, This entry 1s based on a scientific investigs-
tion guided by the teacher, bur mustly constructed and
performed by the student. The student writes the entry
throughout the investigation in place of a typical Jab re-
port, with input and assistance as needed from the class-
room teacher and pegr group.

An example of this type of work has a teacher pos-
ing w students a problem called “Hot Wheels Mad-
ness.” Students develap an investigation to determiine
the effect of ramp height and car type on the average
speed and distance traveled by a woy car. Students

. + Soientific information has major
" inaccuracies or is overly simplified.
+ Pattemns and frends are unclear or

+ Patterns and/or ttends are identified.  implisd.  inaccurate.

+ Sclentific connections are identified. o Sgientific connections may be + Scientific connections are unclear or
imiplied. absent,

» Questions are clearly identified. + Quastions are implied. + Quastions are unclear or absent.

» BEvidance and explanations have a
logical relationship.

+ Methods generate valid deta related
te the guestien. Where appropriate,
variables and controls can be identified
by the reader.

+ Analyses are accurate, conclusions
are valid and consistent with data,

» Future steps are proposed.

+ Scientific infofmation is
sommunicated clearly.

+ Presartation is focused and
Gfgani_ze'{i».

+ Madium facilitates communication.

« Applications to personal and socistal

issues are identified,

« Background information provides
context tar interpretation.

» Consequances and allernatives are
identified.

+ Connections are made o other
content areas,

+ Bvidence and explanations have an
implied relationship.

+ Methods generate data related to the
queskion.

+ Anaiyses are mostly accurate,

. conclusions are refated fo data,
~« Future steps may be implied.

. « Sciertific information has some
| clarity.

« Prasentation hag some focusand
organization.

* » Medium permits communication.

+ Applications 1o persanal and societal
issues are suggestad or implied.

+ Background information provides
same context for interpretation.

¢+ Consequences and/or glternatives

are implied.
+ Some limited connection is made to
other content areas,

-« BEvidence and explanations have ng
" refationship.

« Analysés are unclear or inatourate,
conclusions are unclear or unrslated to

. the.data.

» Future steps are unclear or absent.

+ Scientific inforrnation is undclear,

. » Presentation iacks focus and
organization.
.+ Medium hinders comimunication,

+ Applications are uniclear or absent,

+ Background information provides
minimal context for interpretation.

+ Consequences and allerratives are
unclear or absent,

"« Connections are niol made to other

content argas.
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The key to using portfolios
for instruction is that
students have great
latitude in choosing what
they want to do and what
is of interest to them.

then work with a partner o design an experiment
and test onr their roy cars. In their pordolio entry,
students use their own words to deseribe their price-
durgs, experiment, and results. My students cﬂjoyc‘cf
having the freedom to design their own experiments
andd learned a lor through trial and error.
The actvity and portfolio entry provide an excellent
ay for science teachers w formually assess whether sru-
dents understind the concepts. and processes throughout
the learning process instead of waiting until the end of a
chapter or experimient 1o find dut whether students have
Jearned the concept. Questioning stidents thiroughout the
investigation—as they are writing and working rhrough
their own thought processes—allows teachers w guide
student learning as needed. Using portfolios for instrue-
tion provides an opportunity for ELL students to express
their learning through their own style of writing, which
is miich less threatening than a typical standardized untt
est oy other form of tradirional assessment,

Research piece

The secopd type of entry is o research picee. This entry
requines students to conduct authentic research. The re-
search is meant to solve a problem, and ar the end of the
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research the student makes a
decision regarding the issue.
The student must identify and
cite proper sources, analyze and
synthesize information, and
entertain alternative solutions
to the problem. The teacher
should ask studenis w come up
with a problem that is impor-
tant for theay to investigate and
approve their choices to ensure
that they have a problem for
which they can find data and
wark toward soludons. Sw-
dents ofte choost w mvestlgate
local environmental issues or
other topics that are of inwerest
to ther, and my students said
they emjoyed. feeling like they
were “making a difference” in
their own communities by solv.
ing prablems that were relevant to them,

Again, the teacher guides students through this
process and providés needed assistance along the
way, whether it is grammatical or concept-oriented.
Students continuously write sbour what they have
learned, and porential problems are pointed cut by
the teacher; this mmediate feedback rentribures o
student success. The portfolio gives a record of stu-
dent progress as well as o finished report,

Application
Application is the focus of the third type of portfolio
etttry, This entiy reguires. students w apply scientific
mnformition they have learned to andther sitvativn in
their own lives, and the formar of the eatry can be «i-
ther cxpr'msivc or inventive in nanire, Srodents may use
the cxprcsmv& format in communicating information to
others ina mediven sach as a letter, newsletter, o other
written praduct. Many seudents feel empowered by “hav-
ing a voice” when writing to local ‘community leaders or
state representatives abont applying a solution w a com-
munity problem; such as pollution. An inventive format
thot students may ose right include inventing a device or
constructing a model.

The key to using portfolios for instruction is thar stu-

dents have great latitude in choosing what they want w

de and what 1% of interest to.them. The application entry
includes a written camponent t accompany the model
the student cunstricts, and i may include digital photo-

graphs of the model.

Fuor teachers who prefer to provide a structured activ-
ity for this application entry step, a big year-ened project
that T used for several years was a roller coaster model
problem-based learning activity, Students are told thatalo-



cal theme park is asking students to create working marble
rofler coaster models thar are going 1o be considercd. for
construction of a new full-sized attraction for the upcoming
year, Student groups are given very liede guidance—other
than basic specifications—and hit the ground sinaing. ap-
plyving whut they learned in chetr physics unit 1o create a
working roller coaster model with loops und curkserews,
They work in eams of three or four stiadents o come up
with @ tota] package, including the following:

research an steel versus wonden coasters,

+ a proposal with research and data collecred that
justifies the couaster design including all appli-
cable scientific principles,

= a small-scale blueprint of the rollercoaster deriag-
ing lindscape and intricate details of the coaster
specifications,

« a small-scale model marble coaster ¢hat demon-
strates many or all of the components of the full-
size coaster,

a matertals list of the small-scale coaster,

an appheation portfolie entry of all daily work
and data collected (and applicable principles)
contributing to the design and final product,

+ amd a videotaped presentation of the waster for
the commitee 1o view,

All three of the above portfolio pieces are used as

instructional tonls to reach all students, regardless of

their cultural background or native language. The
student fisst writes a draft, which is evaloated by the
teacher during the student conference, to address any

misundersaandings, writing issues; or other content. of

cincept-related problems. The studerit then refines his
ar her work and creates a final draft for the wacher to
review. The teacher determines how much class time is
spent-on portfplio Pleces,

1 hiad students begin sketching out their piece as they
were actively engaged in the mvestigation, research, ar
application activity. [ also scheduled conferences with
students to discuss their work while the rest of the
group was mvolved with other activities, However, stu-
dents did some of the work and revisions independently.
The amount of class time spent on pactfolio PIECES was
roughly equivalent to the time I had spent in previous
classes on lab repores and other worksheeis that went
along with experiments and investigations, The main
difference wis thint students chise how io structure theirp
responses, the respenses were in their own words, and
the responses were open-ended and not one-word or
-sermcnee 'r(:‘Sp()ﬂSCS O review qUESﬁG“’S.

Evaluation portfolies

There are a variety of ways thar portfolio pleees can be
eviluated. For instance, T used to have students. éreate a

shewease folder, inte which they placed af portfolio pieces
throughout the semester or year. Partof their overall term
grade was derived from the portfalior picces they selected.
There was an opportunity for students to compile eight'to
teh entrics per scrmesten, and ssked srudenss 1o choosi thic
best three entries, which afe vvaluated for key components
ustng the SCASS rubric (CCSSO 1996} found in Figure
2, pp. 34-35. Students could choose which invcstigat};.m,
research, and application entry to include in their final
folder (one from each aread; this allowed studéms o _b;’ﬁ!
represent their work for the year, Alrernatively,a portfolio
can include répresentative work from thragghout die yeur
andhaygive a record of student progress vver time.

Criteria for evaluating individual partfolio picces
are based on the students” depth of understanding of
the coneept or ventent, evidence of the use of inquiry
in their investigation oy research, how effectively
students cammuaicared whar they have learned, and
how well a student related what was learned to his
or her own evbre and society, These criteria are de-
tailed in the SCASS rubric (CCSSO 1996).

Teachers must understand and appreciate studens’
culwizal and cthnic backgrounds in order to forit rela-
tionships and to help students learn, | have found that
using portfolies, not only for assessment, bur muost
imporranly for instrucrion, has empowered my ELL
students and has cnablod them to take what chey have
learned in the science class and apply pieees of their
own lives, cubtural interests, dnd backgrounds to their
work. It has been a great experience for students from
alt backgrounds in the class, as the whole group learns
throwgh discussion of the diversity of approaches
wsed. Students pick one portfolio entry 1o share with
the class theough a science share-a~thoi at the end of
the semester, This provides more meaning, forall stu-
dents, to what is learncd in science and an opportunity
o develop a berter understanding and more derailed
learning of science than was possible with craditianal
approaches 1o teachiig science,

Carta C. johnson {carlajohnson@®cc.usu.edu) is an assistant profes-
s0r in-the Oepartment of Curriculum and Insiruction gt the Uni-
versity of Toledn, 2807 West Bancroft Street, Toledn, OH 43608,
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