By Catlleers Cundeas

Subject: Project-Based Learning,
Information Literacy, Neuroscience

Grade Level: K-12 (Ages 5-18)

Technology: MicroWorlds (LCSI),
Cocoa (created by Apple, now
licensed by Stagecast); e-mail;
Internet connection
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The project-based learning environment may well be

the classroom of the 21st century. It may come to be
simply because technology allows a teacher to direct
students through experiences that bring understanding

of the material they study. The author of this feature article
shows how educators can engage children in this new way.
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At the end of the day, dont ask students what they learned, ask
them whether they raised a good question. A good question
leads to more new questions, new discoveries, new realms never
even considered before. These questions lead to deeper under-

standings of

the world that the questioner wants to know. Teachers should

share the excitement of

asking questions and finding answers to

personally relevant questions.

In student-centered inquiry classrooms,
teachers motivate children to explore
and “facilitate” or “scaffold” their un-
derstandings of the world. In this type
of learning environment, the teacher
provides children with resources and ac-
tivities that help them create and de-
velop their ideas. This con-structivist
model provides a structure for inquiry
about the world, testing, research, and
reflection on ideas. In my fourth- and
fifth-grade science classroom, this in-
cludes a “learning on demand” ele-
ment. We address both the children’s
and the teacher’s curricula. This is the
antithesis of the traditional classroom in
which the teacher is the sole deliverer of
knowledge and has a predetermined
curriculum outlined for “coverage.” In
the traditional model, the student is a
recipient of knowledge. Learning on
demand, on the other hand, respects
the interests of children in curriculum
design and the learning process.

The teacher still provides rich
science resources, whether discussions,
lessons, dissections, hands-on experi-
ences, field trips, demonstrations,
or contact with experts in person,
by e-mail or Internet, and by guest
lecture. But it is the element of scien-
tific inquiry that comes prominently
into play. Students begin a new area
of study by brainstorming “wonder”
questions, developing driving ques-
tions, and devising their own hypoth-

eses and experiments in a student-
centered room design.

Eight science process skills—
observing, communicating, comparing,
ordering, categorizing, relating, infer-
ring, and applying—are presented by
the teacher when they can best be used
to find out information about the
world. They are then discussed and
used in appropriate ways.

Students use computers and
MicroWorlds Logo to create science
simulations that show rather than tell
their understandings of science. Stu-
dents brainstorm and learn the differ-
ences between animation (i.e., move-
ment to show how something works)
and simulation (i.e., an environment in
which variables can be changed by the
user to change an outcome). Through-
out the project, students create a simu-
lation design in collaborative groups.
The groups provide a forum for stu-
dents to reflect on their own and their
peers’ science understandings, and the
students use their peers as resources to
further their own understandings.

The teacher in this environment is
the facilitator. As such, he or she mod-
els inquiry and questioning, creates a
student-centered and -directed learning
environment, and provides lessons,
learning resources, guidance, and scaf-
folding in response to research ques-

tions that student teams wish to pursue.

Students develop and pursue personally
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meaningful research questions both in-
dividually and collaboratively. Through
the questioning strategies and class-
room activities, the teacher can help
students evolve through asking and de-
veloping driving questions and acquir-
ing information-literacy skills while ad-
vancing their science understandings.

Strategic Steps

The first step is to engage students in

asking questions. At the beginning of a

study, elicit wonder questions about the

topic. For example, in our recent neu-
roscience study, students brainstormed
all the questions they could think of for
the topic of neuroscience. Nothing was
edited. All of their questions were writ-

ten quickly as they called them onto a

large sheet of butcher paper. Four large

sheets, front and back, finally exhausted
all of the class’s ideas and questions.

This process starts with what
students know and begins to make
a connection between their past and
current learning. The teacher stimulates
students by asking questions. This
creates both a desire and a requirement
for students to learn. Suddenly, their in-
terest is piqued about a topic that they
needed to have defined at the begin-
ning of class. Students have connected,
linked, and built on one another’s ideas
to create a huge map of inquiry.

The second step individuates the
questions by asking students to describe
their personal interests. They generate
three to five individual wonder ques-
tions, either using the brainstorm ques-
tions or posing additional questions.
For example, the questions from the
neuroscience unit included:

» What controls our dreams?

» What controls our voice boxes?

* Why do you sometimes understand
things in the morning that you hadn't
gotten before?

» How does your brain know to turn
around the picture you see?

» How do your eyes see?

» What are dendrites? the cell body?
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the axon? What are these things
made of?

« How do memorizing things and
memory work?

« To connect eye sight and touch, does
the message have to go through the
brain or are things connected in pas-
sageways?

Categorizing questions is the third
step. As a class, students begin to group
questions and make categories for those
questions. They discuss why a particu-
lar category is a good idea and defend
their choice of category before the
group with substantive reasons—other-
wise the group may not accept the cat-
egory. In this process, students elimi-
nate questions with the same idea and
generate new questions and categories.
More work in this process usually adds
categories that were left out in the pre-
vious work session or extend the ques-
tions or categories.

In the fourth step, the whole class,
collaborative teams, and individuals
and their families at home explore ques-
tions. They look for the most or least
interesting, the easiest or hardest or im-
possible question to answer, and they
try to determine how long it would
take to answer particular questions: one
second or a millennium? During our

neuroscience unit, for example, we were
fortunate to have Dr. Keith Black, the
head of the Neurosurgery Institute at
Cedars-Sinai Medical Center in Los
Angeles, visit our class to lecture and
conduct a “brain lab.” During a ques-
tioning session, one student asked Dr.
Black, “What controls the mind?” Dr.
Black calmly looked at the class. “I
don't know,” he said quietly. “That is
one of my questions that hasn't yet
been answered.”

Students next explore science
through discussion, experiments, field
trips, expert visits, reading, and research
in groups, as a class, and as individuals.
They begin to explain and hypothesize
about answers. They choose an area of
interest and begin to articulate their
questions even more. They may write
their questions, and these are affixed to
a metal grate that literally “hangs over
their heads” for the rest of the project.
The teacher provides resources for the
inquiry, including books, guest lectures,
demonstrations, lessons, discussions,
and Internet resources.

As students work on their projects
while refining questions, they are
attempting to explain without telling.
They are trying to show their under-
standings as they develop. As they

Students work through the steps in the process many times before they complete their projects.
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experience more of the science and
resources, they develop understandings
and discuss ideas and problems as a
class and in their groups.

The teacher in this environment
continually asks students guiding ques-
tions as they explore, experience, and
explain. The teacher may help students
by providing explanations and intro-
ducing terminology at appropriate
times (when students have had experi-
ence to connect the term). When stu-
dents want to know about a particular
topic, the teacher may provide small-
group, half-class, or full-class optional
or mandatory lessons, depending on
how well students seem to be under-
standing the topic.

The teacher is the climate creator,
the one who initiates the powerful
climate of inquiry and pushes students
into new realms of questions. The
teacher doesn't need to know all the
answers, but he or she needs to be
willing to model “finding out” behav-
ior. As the teacher pushes the envelope
further and further, he or she provides
the environment in which students can
explore issues, question, process infor-
mation, form opinions, make judg-
ments, and become aware of differing
viewpoints. Students learn that ques-
tioning is valued. Their questions be-
come the vehicles that drive them to
deeper understandings as they further
explore and experience. For example,
as | continually demonstrated valuing
all questions, not just “right” questions,
my students delved deeper and deeper
into neuroscience.

During the project, students present
their group work twice to the entire
class. Their projects—that is, simula-
tions that explain science concepts
without telling—are constructed to
teach younger children and are in
process and need ongoing evaluation.
The students develop a rubric for
evaluating each other during class dis-
cussions. The rubric is then continually
evaluated during the different sessions.
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Its final version is used at the end of the
project as students evaluate their own
and others’ projects.

As the project continues, student
inquiry drives the instructional process.
Students support each other’s under-
standings as they articulate their obser-
vations, ideas, questions, and hypoth-
eses. They explore, experience, and
explain as they construct their projects
in collaborative teams. They continu-
ally ask, “How does this new science
experience or understanding affect
your questions and research?” They
do research, ask experts questions by
e-mail, and articulate the experts’ an-
swers to the class as they discuss their
new conceptual understandings. The
teacher continually scaffolds the learn-
ing with additional questions that
tweak understandings and research in
new directions. These also may
generate new questions.

Students also ask for evaluation from
their intended users—students a year
younger. The third-grade class comes
into the classroom to see the projects
twice during their development. Before
each visit, students meet to discuss and
articulate their project goals, and they
generate, evaluate, and eliminate ques-
tions for the users. After the third-grade
visits, students debrief the interview
process to determine which questions
did or did not elicit the most helpful
answers, what information was gleaned
from the interviews, and what effect
that information will have on the
project’s direction. Students debrief as
a class, in groups, and individually with
quick writing assignments immediately
after the visit.

During the project, students are de-
veloping their own personally meaning-
ful driving questions; these questions
epitomize their interests and research.
In class discussions, criteria for ques-
tions are given, students make public

statements about their evolving ques-
tions and research, and they receive
class feedback on whether their ques-
tions fit the criteria for scientific in-
quiry. They begin to defend and give
evidence for their questions and research
design. The teacher continually asks
more questions to explore these avenues
during class discussions. The evolution
from wonder questions to driving ques-
tion requires wonder time, science ex-
periences and lessons, discussions,
group work, expert contact, and ques-
tion-defining meetings with the teacher
individually and in groups.

Approximately six weeks into a 10-
to 12-week project, the students are re-
quired to commit to a specific research
question during a class “roast.” Prepara-
tion for the roast includes discussions
with their groups and the teacher. Dur-
ing the roast, students are in front of
the class with their groups. They indi-
vidually articulate their commitment to
a driving research question, a research
plan, and final project visualization.
They must defend their question, plan,
and project ideas to their class peers.
The rest of the class requires the stu-
dent to be specific about the details,
articulate clearly, and visualize specific
project elements. This is a supportive
environment, and during the roast
students will laugh as they ask students
to articulate what they will do as they
require clear and specific commitments.
The commitments are written down
in contract form, and the students sign
their commitments, including the date
each project is due.

As students continue to work, the
spiraling cycle of project construction,
scientific inquiry, collaborative work,
and science concepts continues. The
cycle of questioning, research, and
questions continues. Students verify
the correctness of concepts with peers,
teacher, and resources.
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At the end of the project, the stu-
dents again evaluate their rubric, ready-
ing it for final use. Student projects are
on the computers, and each group ro-
tates to see every other group’s work.
Each student holds the rubric and an
evaluation sheet for each project. They
write their comments clearly. Peer com-
ments during evaluation may cover sci-
ence concepts, computer programming,
questions, and whether the project fit
the intended research requirements.

Conclusion

The never-ending story continues.

The learning process is open-ended and
open to continual change. It is an on-
going loop. The questions students ask
lead to answers, which lead to more
questions, and more answers that gen-
erate more questions. The predeter-
mined and student-driven instruction
teaches students that science is a process
to be experienced, not a collection of
facts. They learn that science is an excit-
ing, multidimensional learning process
with its own intrinsic motivations and
rewards. The story goes on and on. The
teacher tells the students that although
the projects are due today, they are also
like all projects—still in process. The
story never ends, and, | hope neither
do the questions. ]

Cathleen Galas, cgalas@ucla.edu

Resources

Cocoa is available at www.crim.ca/

~hayne/Cocoa/or wwwi.stagecast.com.
MicroWorlds is available from LCSI,

PO Box 162, Highgate Springs, VT

05460; 800.321.5646; fax

514.331.1380; www.Icsi.ca.

This article continues on page

60 with the Project-Based Learning:
Changing the Classroom Paradigm
sidebar.
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