Revitalizing the Mathematics
Learning Environment

athematics

teachers often

fail to ask one

crucial ques-

tion: “What

is mathemat-

ics?” When asked to define

mathematics, they often say

something like this: “Mem-

orizing formulas and rules.”

“What is done in mathemat-

ics class,” “What is in the Picture
textbooks,” or “Getting the Removed
right answer when doing ad-

dition, subtraction, multipli-

cation, and division.” These

descriptions convey a very

narrow and static view of

mathematics.

If we are to make signifi-
cant, worthwhile changes in
mathematics learning and
teaching, we must first reflect
on what mathematics is. This
article uses a dynamic and
process-oriented definition of
mathematics to discuss the

essentials of the mathematics learning environment. sis of mathematical power.>
To allow students the autonomy to develop this mathemat-

A broader definition of mathematics is this: Mathematics is

call for radically different
roles for students and teach-
ers. The National Research
Council advocates that
teachers encourage active
student engagement with
mathematical ideas through
both actions and thoughts,
rather than having them
passively listen to lectures.
Teachers themselves need
experience in doing mathe-
matics—in exploring, guess-
ing, testing, estimating, ar-
guing, and proving—in
order to develop confidence
that they can respond con-
structively to unexpected
conjectures that emerge as
students follow their own
paths in approaching mathe-
matical problems. Too
often, mathematics teachers
are afraid that someone will
ask a question that they can-
not answer. Insecurity
breeds rigidity, the antithe-

the activity of constructing patterns and relationships.’ ical power, teachers should focus on student understanding,
rather than overemphasizing the obtaining of correct answers.

Time for Change

This point is vividly illustrated through interviews with

Calls for more student-centered activity have come from a two fifth-grade students who were good at calculation, but

variety of sources.? These
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lacking in understanding.
Betty, the “top” student in
the class, was asked to



multiply 293 and 54. She
solved the problem quickly
and flawlessly, but could
not tell when the problem
might be used.

Similarly, another “good’
student solved the problem
correctly using standard
procedures, but gave the
following application: “If [
had a bag of potatoes that
cost $2.93, and 1 bought
bubble gum and it cost 54
cents, how much would I
have altogether?™ Since he
did not realize that he had
given a wrong answer, the
teacher simplified the ques-
tion: “Can you give an ap-
lication problem for 5 x 2 =
10?

After much deliberation,
he said, “If I had 2 baseball
cards and someone gave me
5 more {long pause]; no,
that would be 7.” He tried
several more attempts with-
out success.

These students had good
comprehension® of how to
do the mathematics, but did not under-
stand why they were learning it. The
teacher defended her students by stating

]

that this was the time to learn the funda-

mentals; later when they went to col-
lege, they could learn the applications.
The time for change is now. We
must help all students understand the
usefulness of mathematics in their
world. They need to appreciate its in-
terconnectedness and interesting as-
pects. To accomplish this, we must
create a new learning environment.

Learning Environment

To revitalize mathematics learning
and emphasize student learning and
mathematical power, teachers must con-
centrate on the meaning of knowledge,
teaching, and learning,

Knowledge

Knowledge is formed by making
sense of one’s experiences. Just because
a teacher tells students how to solve the
problem does not mean that they neces-
sarily have the knowledge to do so. The

Picture
Removed

If we are to make sig-

nificant, worthwhile

changes in mathemat-

ics learning and
teaching, we must
first reflect on what

mathematics is.

pipeline metaphor that depicts the
teacher pouring knowledge into the stu-
dents does not work. Students must ac-
tively assimilate into their past knowl-
edge whatever new information the
teacher is sharing. This knowledge is
based on their experiences.® In reality,
mathematical knowledge is individualis-
tic and personally constructed, since

students have a wide variety
of backgrounds and experi-
ences.” When we accept
this view of knowledge,
teaching and learning will
look much different.

Teaching and Learning

Teaching and learning
are complex phenomena
that cannot be reduced to a
set of rules. “Teaching
mathematics draws on
knowledge from several do-
mains: knowledge of math-
ematics, of diverse learners,
of how students learn math-
ematics, of the contexts of
classroom, school, and soci-
ety.”™ Consequently, teach-
ers should concentrate on
two main areas: providing
significant and worthwhile
tasks, and engaging stu-
dents in meaningful dia-
logue.

Mathematical tasks
should be designed to pique
student interest and engage
them in negotiation, explo-

ration, conjecture, testing, and justifica-
tion. These activities should often occur
in small-group settings where students
feel free to share their ideas with their
peers.®

Etchberger and Shaw' share the
story of Jessica, a fifth-grade teacher
who changed from an instrumental
teacher-transmitter whose students were
mere receivers, to a relational teacher-
provider whose students were coopera-
tive constructors. Jessica had taught
fraction operations in a very procedural
way until she realized that her students
were not making sense of the concept;
they were just memorizing their way
through the unit.

Jessica decided to set aside the text-
book and do an activity on equivalent
fractions. After having her students
form groups of four, she gave each
group one sheet of paper. She asked
them to fold the paper and shade half of
it. Next, the students were to fold the
paper again and write a fraction that was
equivalent to 1/2 (namely 2/4).

Jessica asked the groups to repeat

ADVENTIST EDUCATION 9



10

FEBRUARY/MARCH 1994

Picture
Removed

this process and to identify as many
fractions as they could that were equiva-
lent to 1/2. Most groups quickly found
a pattern and quit folding their papers.
Jessica was astonished at how quickly
they discovered the patterns and how
well they could describe their processes
to the whole class. She then assigned
another task to determine whether stu-
dents could explain why the following
fractions were not equivalent to 1/2:
11723 and 1362/3000.

Jessica remembers: “They all
shouted at one time. They were into
this! There was not one person sitting
back.” They all wanted to share why
the fractions were not equivalent to 1/2.

This task was exploratory for the stu-
dents; they had to find patterns, de-
scribe their processes and defend their
answers. And Jessica no longer saw her-
self as answer giver. Her role now was
to provide an environment in which
students felt free to discuss, argue, elab-
orate, and clarify their thoughts. Jessica
recalls the last activity of the lesson:

“I held up the sheet of paper, folded
and shaded and asked them in my most
disbelieving voice that if the paper was
folded in 5,876 tiny rectangles would
there be 2,938 rectangles shaded? I told
them I didn’t believe it. They insisted
that it was so and argued with me using
all the logic they could muster. This
was good stuff.”

Jessica’s teaching has been energized
through her use of a more student-ori-
ented approach. She views teaching
much differently now. She uses her
textbook as a resource, not a guide; she
spends time developing tasks that will
help students construct knowledge that
will be meaningful to them; she listens
and learns from her students what
knowledge they have constructed. With
this information she develops new tasks
that will produce even greater under-
standing of the mathematics concepts.

Jessica now recognizes the difference
between disruptive noise and construc-
tive noise; she realizes the value and ne-
cessity of having students learn from
one another. Most important, she be-
lieves in what she is doing and feels
empowered to make good decisions to
improve the learning environment of
her students.



Conclusion

Typically, mathematics classes have
focused on getting the right answer.
Often, the right answer must be ob-
tained by using the teacher’s method; all
other ways are considered wrong. No
wonder many students feel great anxiety
about mathematics.

The mathematics education commu-
nity has recently spearheaded one of the
greatest mathematics reform efforts in
our country’s history. The National
Council of Teachers of Mathematics
Curriculum and Evaluation Standards of
School Mathematics'! has served as the
impetus for change in mathematics at all
levels. Following these standards, many
of the new textbooks emphasize the use
of technology, manipulatives, applica-
tions, cooperative learning, and problem
solving,

Teachers can help create a new lean-
ing environment in their classrooms by
reflecting on their own practices, seek-
ing ways to improve their teaching and
learning, and making mathematics con-
structive and lively. This will create a
revitalized classroom mathematics learn-
ing environment for their students. ¢
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