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Discourse That
Promotes Conceptual
- Understanding

s mathematics teachers, we want students
to understand mathematics, not just to
recite facts and execute computational
procedures. We also know that allowing students to
explore and have fun with mathematics may not
necessarily stimulate deep thinking and promote
greater conceptual understanding. Tasks that are
aligned with the NCTM’s curriculum standards
(NCTM 1989) and that are connected to students’
lives still may not challenge students to build more
sophisticated understandings of mathematics. The
actions of the teacher play a crucial role.

This article presents highlights from a study that
demonstrates what it means to “press” students to
think conceptually about mathematics (Kazemi and
Stipek 1997), that is, to require reasoning that justifies
procedures rathér than statements of the procedures
themselves. This study assessed the extent to which
twenty-three upper elementary teachers supported
learning and understanding during whole-class and
small-group discussions. “Press for learning” was
measured by the degree to which teachers (1) empha-~
sized students’ effort, (2) focused on learning and

understanding, (3) supported students’ autono-
my, and (4) emphasized reasoning more than
producing correct answers. Quantitative analy-
ses indicated that the higher the press in the
classroom, the more the students leamned.
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Like researchers in other studies (e.g., Fennema
et al. [1996]), we observed that when teachers
helped students build on their thinking, student
achievement in problem solving and conceptual
understanding increased. To understand what
press for learning looks like in classrooms, we
studied 1n depth two classes with higher scores for
press and two classes with lower scores, and we

looked closely at mathematical activity and dis-

course in the classes. The high-press classroom of
Ms. Carter is contrasted with the low-press class-
room of Ms. Andrew.

Students in Ms. Carter’s and Ms. Andrew’s
classes were exploring the concept of equivalence
and the addition of fractions. They worked on fair-
share problems, such as the following:

1invited 8 people to a party (including me), and
I had 12 brownies. How much did each person
get if everyone got a fair share? Later my moth-
er got home with 9 more brownies. We can
always eat more brownies, so we shared these
out equally too. This time how much brownie
did each person get? How much brownie did
each person eat altogether? (Corwin, Russell,
and Tierney 1990, 76)

Similarities between
Classrooms: Social
Norms

In both Ms. Carter’s and Ms. Andrew’s classes, we
saw students huddled in groups, materials scattered
about them, figuring out how to share a batch of
brownies equally among a group of people. The
students seemed to be engaged in and enjoying
their work. Often each group found a slightly dif-
ferent strategy to solve the probiem. Afier moving
from group to group, listening to and joining stu-
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dent conversations, both teachers stopped group
activity to ask students to share their work and
<plain how they solved the problem.

The NCTM Standards document supports the
view that social norms—practices such as explaining
thinking, sharing strategies, and collaborating that
we see in both classrooms—afford opportunities for
students to engage in conceptual thinking. Many
teachers establish those social norms in their class-
rooms quite readily. But social norms alone may
not advance students’ conceptual thinking.

Differences between
Clas_srooms: _
Sociomathematical

Norms

Although Ms. Andrew and Ms. Carter both valued
problem solving and established the same social
norms in their classrooms, important differences
were seen in the quality of their students’ engage-
ment with the mathematics. To understand those
differences, we looked more closely at the norms
that guide the quality of mathematical discourse,
the sociomathematical norms (Yackel and Cobb
1996). Teachers and students actively negotiate the
sociomathematical norms that develop In any
~Tassroom. Sociomathematical norms identify
_uat kind of talk 1s valued in the classroom, what
counts as a mathematical explanation, and .what
counts as a mathematically different strategy. In'the
brownie problem, for example, students grapple
with ideas of equivalence, part-whole relations,
and the addition of fractional parts. Sociomathe-
matical norms help us understand the ways in

which fraction concepts are supported within the

context of sharing and explaining strategies.

Through our study of the four classrooms, we
identified four sociomathematical norms that guid-
ed students’ mathematical activity and helped cre-
ate a high press for conceptual thinking:

« Explanations consisted of mathematical argu-
ments, not simply procedural summaries of the
steps taken to solve the problem.

« Errors offered opportunities to reconceptualize a
problem and explore contradictions and alterna-
tive strategies.

» Mathematical thinking involved understanding
relations among multiple strategies.

= Collaborative work involved individual account-

- ability and reaching consensus through mathe-
matical argumentation.

Other norms may also contribute to a high press,

- at these norms captured the major differences in

the way that mathematics was treated by the high-

and low-press teachers.
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Explaining strategies
The following examples illustrate some of the dif-
ferences in the two classrooms. First, in Ms.

Carter’s class, explanations were not limited to

descriptions of steps taken to solve a problem.
They were always linked to mathematical reasons.
In the following example, Ms. Carter asked Sarah
and Jasmine to describe their actions and to explain
why they chose particular partitioning strategies.

“Sarah: The first four we cut them in half.
[Jasmine divides squares in half on an overhead
transparency. See fig. 1.]

Ms. Carter: Now as you explain, could you
explain why you did it 1n half?

. Sarah: Because when you put it in half, it
becomes four . . . four . . . eight halves.

Ms. Carter: Eight halves. What does that mean
if there are eight halves?

Sarah: Then each person gets a half.

Ms. Carter: Okay, that each person gets a half.
[Jasmine labels halves 1 through 8 for each of the
eight people.]

Sarah: Then there were five boxes [brownies]
left. We put them in eighths.

Ms. Carter: Okay, so they divided them into
eighths. Could you tell us why you chose eighths?

Sarah: It’s easiest. Because then everyone will
get . . . each person will get a half and [addresses
Jasmine] “How many eighths?”

Jasmine: {Quietly] Five-eighths.

Ms. Carter: 1 didn’t know why you did it in
eighths. That’s the reason. I just wanted to know
why you chose eighths.

Jasmine: We did eighths because then if we did
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eighths, each person would get each eighth, I mean
one-eighth out of each brownie. °

Ms. Carter: Okay, one-eighth out of each
brownie. Can you just, yon don’t have to number,
but just show us what you mean by that? [ heard the
words, but . . ..

[Jasmine shades in one-eighth of each of the
five brownies that were divided into eighths.]

Jasmine: Person one would get this . . . [points
to one-eighth].

Ms. Carter: Oh, out of each brownie.

Sarah: Out of each brownie, one person will get
one-eighth.

Ms. Carter: One-eighth. Okay. So how much
did they get if they got their fair share?

Jasmine and Sarah: They got a half and five-
eighths.

Ms. Carter: Do you want to write that down at
the top, so I can see what you did?

[Jasmine writes 1/2 + 1/8 + 1/8 + 1/8 + 1/8 + 1/8
at the top of the overhead transparency.]

The exchange among Sarah, Jasmine, and Ms.
Carter highlighted the conceptual focus of the les-
son on fair share. Ms. Carter asked Sarah to explain
the importance of having eight halves and why the
partittoning strategy using eighths made sense.
After Jasmine gave a verbal justification, Ms.
Carter continued to press her to hink her verbal

response to the appropriate pictorial representa- "

tion—by shading the pieces—and to the symbolic
representation—by writing the sam of the fractions.

The same degree of press did not exist in Ms.
Andrew’s classroom. Ms. Andrew’s students
engaged in the same social practice of sharing their
strategies with the class, but the mathematical con-
tent of classroom conversations was different. Stu-
dents shared solutions by giving procedural sum-
maries of the steps they took to solve the problem,
as demonstrated by the following exchange, in
which Raymond described his solution for sharing
twelve brownies among eight people. Ms. Andrew
had drawn twelve squares on the chalkboard.
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{Raymond divides four of the brownies in half.}

Ms. Andrew: Okay, now would you like to
explain tous what .. . loud .. ..

Raymond: Each one gets one, and I give them a
half.

Ms. Andrew: So each person got how much?

Raymond: One and one-half,

Ms. Andrew: One-half?

Raymond: No, one and one-half.

Ms. Andrew: So you're saying that each one
gets one and one-half. Does that make sense?
{After a chorus of “yeahs” comes from students,
Ms. Andrew moves on to another problem.]

Untike Ms. Carter, Ms. Andrew did not ask her
students to justify why they chose a particular par-
titioning strategy. Instead, Ms. Andrew often asked
questions that required a show of hands or yes-no
responses, such as “How many people agree?”
“Does this make sense?” or “Do you think that was
a good answer?” Ms. Andrew wanted to engage her
students in the activity and to see if they under-
stood, but the questions she asked yielded general
responses without reveahing specific information
about the students’ thinking.

Reacting to mathematical errors

By emphasizing mathematical reasons for actions,
Ms, Carter created opportunities for her students to
prove. that their solutions were correct. She resisted
telling students that an answer or reason was wrong,
and she invited others to respond to incormrect sohy-
tiops. Ms. Carter modeled the kinds of questions

_ that may help students think through their own con-

fusion by using their existing knowledge. Those
questions usually involved graphical representa-
tions of the fractions. In small groups, students
challenged one another when they disagreed on a
solutton and helped one another find errors.

The interaction among Ms. Carter, Jasmine, and
Sarah continued with the following conversation.

{Jasmine wnites 1/2+ 1/8 + 1/8 + 1/8 + 1/8 + 1/8 at
the top of the overhead transparency.]

Ms. Carter: Okay, so that’s what you did. So
how much was that in all?

Jasmine: It equals 1 1/8 or 6/8.

Ms. Carter: So she says it can equal 6 and 6/87
[She misheard Jasmine.}

Jasmine: No, it can equal 6/8 or it can equal
I 1/8.

Ms. Carter: Okay, so you have two different
answers. Could you write them down so people can
see it? And boys and girls, I'd like you to respond
to what they’'ve written up here. She says it either
could equal 6/8 or 1 1/8.
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Ms. Carter: Matthew had his hand up and was
thinking about it. Someone from team 5. Anybody
“om team 6 that has a response? Right now. I'm
_ 15t going to let you look a minute. See if anyone
has a response. Andrew, you had your hand up, is
that right? [waits] Still only have four hands up. 1
wonder if you're all looking up here and seeing?
She’s given us two answers here, 6/8 or it can equal
1 1/8. Okay, could those four people right now . ..
do you agree with both answers?

Students: No .. ..

Ms. Carter: Do you have a reason why you
don’t agree? Don’t explain it to me, but do you
have a reason? Raise your hand if you have a rea-
son why you don’t agree. [hands] One, two, three,
four, five, six . . . okay. Would those six people
please stand? Okay. Would you please, you’re
going to be in charge of explaining why you don’t
agree to your team. [She assigns those six students
to teams.] Right now, if you don’t agree, would you
please tell them what you think the answer is and
why you don’t agree. Go ahead. Explain.

Ms. Carter could have stepped in and pointed
out why 6/8 and 1 1/8 are not equal. Instead, her
response to this mistake was to encourage her stu-
dents to explore the error by providing the concep-
na] reasons for why 6/8 and 1 1/8 are not equal.

.2 engaged the entire class in thinking about
which solution was correct instead of talking with
only the two presenters or correcting their mistake
herself, and she created an opportunity for her stu-
dents to practice articulating their thinking.

The mistake also created an opportunity for the
entire class to explore contradictions in the solution
and to build an understanding of fractional equiva-
Ience and the addition of fractions by using an area
model. This type of activity and discourse was
typical in Ms. Carter’s classroom. In a whole-
class discussion, each group shared its proof that
1 1/8 was correct. Neither the students nor Ms.
Carter belittled, penalized, or discredited anyone
who made a mistake. The atmosphere of mutual
respect between the students and Ms. Carter
allowed the class to think about and build concep-
tual understandings eager}y"

Ms. Andrew treated errors differently. Note how
she provides the mathematical reasoning when
three boys explained their solution for sharing five
brownies among six people.

Ms. Andrew: They got 1/2, you already said that.
And then 1/6 and then another sixth. So, how many
“«ths did they get?
Anthony: One, two.
Ryan: One, two.
Joe: 1/12.
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Ms. Andrew: What did you say? [to Joe] They
gottwo . ..

Ryan: Sixths.

Anthony: 2/12.

Joe: 2/6.

Ms. Andrew: 2/6 [confirming the right answer].
Why did you say 2/127 Because there are twelve
parts altogether?

Anthony: Yeah.

Ms. Andrew: Okay, be sure not to get confused.
Because there are two brownies not one. Perfect.
Good, good job.

At first, the boys appeared to be guessing the
answer to Ms. Andrew’s question. She focused on
Joe once he stated the right answey. Although she
predicted accurately why Anthony said 2/12, she
did not ask him to think about why his answer did
not work. Instead, she asked and answered the
question herself and did not press Anthony to sort
out his confusion. Her statement “Because there are
two brownies, not one” was left unexplained. As
this example illustrates, limited opportunity was
available for the members of the group to engage in
conceptual thinking about what 1/6 and 1/12 signi-
fy and how the graphical representation is linked to
the numeric representation.

Both Ms. Carter and Ms. Andrew allowed stu-
dents to make mistakes. That social norm, howev-
er, was not enough to press students to examine
their work conceptually. Both teachers wanted their
students to learn from their mistakes, but Ms.
Andrew often supplied the conceptual thinking for
her students. In Ms. Carter’s class, inadequate solu-
tions served as entry points for further mathemati-
cal discussion. :

Comparing strategies

Students in both classrooms worked together,
shared their strategies, and were praised for their
efforts. Students in both classrooms attended to
nonmathematical similarities between shared solu-
tions, such as the layout of the paper or the uses of
color. In Ms. Andrew’s class, strategies were typi-
cally offered one after the other, with discussion
limited to nonmathematical aspects of students’
work. For example, a pair of students noted that
they cut the paper brownies and pasted the pieces
under stick-figure illustrations. Another pair had
drawn lines from the fractional parts of the brown-
ies to the individuals that received them. Although
the partitioning strategy in both was the same, stu-
dents viewed the strategies as different because the
representations were different. Ms. Carter, howev-
er, pressed her students to go beyond their initial
observations and reflect on the mathematical simi-
larittes and differences between strategies.
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