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Abstract
coherence instruction could be accomplished by a teacher’s
discourse moves. The ultimate goal of this study was to
provide mathematics teachers and educational researchers an
insightful view of instructional coherence which needs more
attention to achieve high quality of mathematics teaching. A
Chinese exemplary mathematics lesson was analyzed by
applying the framework of teacher’s discourse moves
proposed by Kussel, Edwards, and Springer.

This paper attempted to illustrate how a
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1. Introduction

Quality of mathematics classroom instruction has
significant impact on the outcome of students’ learning [1,2].
According to Doyle [3,4], instructional tasks provide the
students opportunities to learn the concepts embedded in the
tasks, and the tasks students do in classrooms determine how
students think about the content. Therefore, different types
of tasks facilitate students to different learning experience.
The National Council of Teacher of Mathematics (NCTM)
classified tasks with high-level cognitive demand as
“worthwhile tasks” [5]. Worthwhile tasks were also
described as high-level tasks or appropriate mathematical
tasks that provide opportunities for students to communicate,
reflect, and make connections between mathematical ideas
or representations [6,7].

However, only worthwhile tasks are not enough to
produce high quality of classroom instruction. International
comparison studies have brought up another very important
factor - Instructional coherence that contributes to high
quality of classroom instruction [8, 11, 12].Studies have
revealed that coherent mathematics lessons help students
understand mathematics better and learn mathematics
conceptually [10].Stigler and Perry [11] reported that

mathematics lessons in top-achieving countries such as
Japan and China have more coherent structure than
American lessons. Instructional coherence is highly valued
as a very important factor for a high quality of mathematics
instruction in China [10,12].

Hiebert and his colleagues (2003) described instructional
coherence as the interrelation of all mathematical
components of a lesson [8]. Wang and Murphy (2004)
interpreted instructional coherence as the connectedness of
the structured content and classroom activities [9].These
perspectives on instructional coherence emphasized the
importance of interrelated content and activities in a lesson,
but they did not explicitly address the essential
characteristic of a coherent lesson — the content and
classroom activities are purposefully designed to serve
effective learning outcomes. A coherent mathematics lesson
is goal-oriented and content-focused, being conducted by a
sequence of structured classroom discourse moves. Even
though instructional coherence has been brought up as a key
factor of effective teaching, few studies have been
conducted to explicitly analyze what a coherent lesson
looks like and how it works.

This paper applied the framework of teacher’s discourse
moves proposed by Kussel, Edwards, and Springer [13] in
attempt to illustrate how a coherence instruction could be
accomplished by a teacher‘s discourse moves. A Chinese
exemplary mathematics lesson was utilized for this purpose.
The ultimate goal of this study was to provide mathematics
teachers and educational researchers an insightful view of
instructional coherence which needs more attention to
achieve high quality of mathematics teaching.

2. The Framework of Teacher’s
Discourse Moves

Kusse et al ([13]proposed a framework of “the
teacher’s discourse moves” which is defined as “the
deliberate actions taken by a teacher” in mathematics
classrooms. This framework can be used to analyze the role
the teacher plays and the impact the teacher made to the
consequences of the students’ learning (p.307).According to
this framework, a teacher’s discourse move must have a
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purpose, a setting, a particular form, and consequences.

Purpose

The purpose of a discourse move is referred to a teacher’s
intended objective(s) which could be: establishing a norm
for classroom discourse, influencing students’ participation,
changing focus of the discourse, changing discussions from
small group to whole class, moving discourse activity to
different types such as conjecturing, justification, reflection,
or generalization. The discourse between students or
between students and the teacher provides a model for the
individual learners in the classroom to integrate into their
own thinking process ([13,15,16].

Setting

According to Krussel et al [13], the setting for a discourse
move could be referred to physical layout of the classroom,
time, tools used to teach, assigned roles, classroom norms for
discourse, and established norms for explanations and
justifications .The same discourse move could cause
different consequences at different period of the discourse
because the level of understanding and sharing norms of
discourse have been developed over time.

Form

The form of a teacher’s discourse move can be verbal. For

example:
® a challenging question: How do you know that is
true?

® aprobing question: What does this mean to you?
arequest for clarification: I'm not sure I understand...
a request for elaboration: Tell me more about how
you are thinking about ...
a request for participation: Pat, what do you think?
an invitation for attention: Consider this...
a piece of information: Here's a fact or formula...
a hint: Here's an idea that might help...

®  adirection: Here's a way to do it...

A teacher's discourse move could be nonverbal. For
example:

® facial expressions
®  hand gestures
® body language
®  wait time following a question
® simply moving to closer proximity of an individual
student or group of students
[14, p.309]
Consequences

The consequence of a teacher’s discourse move can be

taken place to an individual student or the entire group of
students immediately or in a long term and could be both
cognitive and affective. It can be:

®  ashift of mathematical tasks at different level
change of focus
an attention to misconception
change of class activities (e.g. from small group to
whole class)
® an effect on development of learning
® cstablishment of classroom norms
[13]

3. Background

This Chinese exemplary mathematics lesson was a
teaching competition lesson posted online. According to
Liang [14], teaching competition is one of the in-service
training tools to help teachers to improve their teaching in
China. There are many teaching competitions every year at
the different levels: school level, district level, city level,
province level, and national level. Even though only one
teacher conduct teaching in the competition, other teachers
who teach the same grade help to prepare and contribute
their ideas during the numerous discussions and trial
teachings, and they learn from the process of refining the
lesson.

The teacher competition lessons are usually videotaped
and posted publically for peer teachers to study and learn.
They are good resources for teachers to vision good
classroom teaching and reflect on it to improve their own
teaching.

4. Analysis of the Teacher’s Discourse
Moves

The topic of the lesson taught was “the properties of
equality”. This was a 7™ grade class with 60 students, taught
by a rich experienced teacher. The lesson lasted 43 minutes.
Projector was used to present tasks and motion pictures. The
teacher’ discourse moves were divided into the six segments
as follows.

Introduction

When the lesson started, the teacher’s first discourse move
was to ask the students to look at the screen which was
showing the following question:

Xiaoming’s father bought a computer at the price ¥9,000.
His first payment was 30% of the total price. After the first
payment, he will pay ¥700 each month. How long does it
take to pay off the computer?

Notes: Let x be the number of months to pay off the
computer if the monthly payment is 700.
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Please write the equation based on the information given.

Using the question, the teacher assigned a task for students
to think and discuss in whole class in order to reach a result
of writing a corresponding equation based on the give
information: 9000 x 30% + 700X = 9000. The teacher did
not ask the students to solve the equation yet, instead, her
next move was let students know that this equation can be
solved after this lesson. The topic and the purpose of this
class were brought up naturally at this time:

We had learned how to solve this kind of problem at
elementary school. Now how can we use a new method to
solve it? After we finish this lesson — properties of equality,
we would be able to use the new method to solve it. (She was
writing on the blackboard: Properties of Equality). Please
continue to observe (what comes up in the screen).

Scaffolding

The teacher’s next discourse move was to assign another
task that provided opportunities for students to recall and use
the previous knowledge to identify the equalities.

A set of questions were presented on the screen:

Find the equality, you can do it!

The following expressions:

)4+ x=7;2)2x

3)3x+1;4)a+b=b+A

5) a’+ b?%;6) ¢ = 2mr;

7) 142=3;

8) § ab.

List those representing an equal relationship:

The students worked individually and then a girl among
many volunteers was called to tell her answers. After the girl
correctly listed all the expressions representing equal
relationship and other students agreed with her, the teacher
then summarized, “These expressions, having the equal sign
to represent the equal relationships, are called equality.
Usually we have the notation a=b. What properties does
equality have? Please observe the screen now and pay
attention to how the scale changes.” This discourse move
facilitated students with understanding what equality is. A
foundation stair was laid out for students to step up to the
next level of knowledge. The teacher then moved the class to
the next stage.

Self-exploration I

On the screen, it was showing:

Self-exploration 1. Observe and think, can you find the
principle?

A scale was appearing on the screen. The scale was
balanced with one red apple on the left and one blue cube on
the right, and then a golden ball with the same size was
added to both sides of the scale at the same time. The scale
was still balanced after this motion. Following this motion,

both golden balls were then removed from the two sides of
the scales and the scale kept the state of balance.

The teacher asked the students how the two sides of the
scale changed and led the whole class to discuss what they
observed. She said, “Please imagine the scale is equality and
let’s study the properties of equality. Please discuss in
groups and the captain of each group is responsible for
organizing your group. Let’s start now.” The students started
discussion. The teacher took five minutes waiting time,
walking around, listening to the discussions, and giving
some encouraging comments. Three groups were asked to
report their conclusions after the discussion were completed.

In this discourse move, the teacher did not explicitly tell
the students what is the first property of the equality. Instead,
she let the students engage in observing the motions of the
scale, connecting what observed to the equality, and making
the inferential conclusion - the first property of equality
which is: when the two sides of the scale are added or
removed the same thing, the scale is still balanced; so the two
sides of equality are added or subtracted the same number,
the equality is still equal.

At this point, the teacher made her next discourse move by
give another task for the students to complete. The lesson
then moved further to the following stage.

Part 4: Self-exploration 11

The screen was showing:
Self-exploration I1
Observe and think, again can you find the principle?

The scale started in a balanced state with 3 red

apples on the left and 3 blue cubes on the right.

Then 3 red apples and 3 blue cubes are disappeared. The
scale now is balanced but with 1 red apple on the left and 1
blue cube on the right. The screen then showed the
relationship between the two scales as follows:

The scale with 1 red apple and 1 blue cube
%3
>
. The scale with 3 red apples and 3 blue
cubes

Similarly to the last discourse move, the teacher asked the
students to discuss their ideas in groups about what they
observed. After 4 minutes, a boy reported his group
discussion result: “if two sides of equality multiply a number
or divide a number (#0), the two sides of equality is still
equal. Symbolically, if a=b, then ac=bc; if a=b, then % = %
(c #0)”. The teacher then gave the students some more time
to think about the two properties. She asked the students to
close their eyes and recall the two properties of equality.
Two minutes later, the teacher asked the students to open
their eyes and had several volunteers to describe verbally the
two properties of equality several times. As the students
were talking, the teacher wrote the properties on the
blackboard following what the students were saying:
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The Properties of Equality

atc=b +c
If a=b, then a})c=bc
==-(c #0)

In the discourse move, the teacher again did not tell the
students what the second property of the equality is. Instead,
the motions of the scales were demonstrated in the screen to
the students and then gave them time to think and work
together making the inferential conclusion by themselves.
Noticing that the teacher not only repeatedly letting students
describe verbally the properties of the equality but also gave
them more time to think about the properties by asking the
students to close their eyes and recall the properties. The
properties of equality had been emphasized by this discourse
move. The teacher’s next discourse move was to assign her
students a new task: utilizing two properties to solve the
problems.

Application of the Properties of Equality

The screen was showing a set of questions:
Please complete the blank part:
1.Ifx-3=2,thenx -3 +3 =2+
Based on the property of equality, add
to the two sides of the equality at the same time.
2. If 4x = -12, then 2="12
4 ()
Based on the property of equality, divide
to the two sides of the equality at the same time.

3. If- % X =6, thenx = , based on

4.1f§x+2:3,then %x+272:3—

The teacher asked the students to solve the problem
individually at first and then let them exchange the ways they
solved the problems. This move made the shift from
individual working period to Group discussions. After five
minutes, the teacher made another move to let group
representatives share their results in the whole class
discussion, at this point, the classroom discourse shifted
from small group to the whole class.

It is worth to mention that the set of problems were
relatively easy by only asking for filling the blank. By using
this low cognitive level of a mathematic task ([17], the
teacher intentionally helped students solidify their
understanding of the properties of equality. Similar to
previous discourse moves, the teacher let students finish the
set of problems by themselves first and then discussed the
solutions they had. Several students were called to answer
the problems and given immediate feedback. This set of

questions actually showed the process of solving an equation
with reasoning. The teacher laid another stair for students to
step up one higher stair to solve an equation independently.
Following up, the teacher gave students another task to
complete by asking students solve two equations.

The screen was showing: Use the properties of equality to
solve the following equations:

1) x+7=26;2) -5x=2

The teacher gave the students a few minutes to solve and
to discuss the ways they solved the problems. She
emphasized that “We based on the properties of equality to
solve the equations; what does each transformation look like
and based on what?” When the students reported their
solutions, the teacher pressed the students to give the reason
for what they did. Leading the discussion, the teacher also
pushed the students to think further that solving an equation
should lead to the result of a variable equal to a constant. A
diagram was showed on the screen:

Solve Equation

X=a(a is a constant)

The next discourse move made by the teacher was to give
two more problems for the students to solve. The screen
showed:

Use the properties of equality to solve the following
equations:

3)5x+4=0; 4)—5x-5=4

Giving the students one minute to think, the teacher then
asked volunteers to come to the front and solve the equations
on the blackboard. Five students came up to write their
solutions step by step on the blackboard. At the same time,
the teachers asked other students to discuss their own
solutions and look at every step and see what was based on to
get that step.

After the five students finished writing the solutions on the
blackboard, the teacher checked what they wrote either by
asking for explanations from the students who wrote the
solution or by asking the whole class to compare the solving
methods used. For example, for question 4), one way to solve
it was to use the first property of equality first (adding 5 to
both sides) and then use the second property of equality
(multiply -3 to both sides); another way to solve it was to use
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the second property of equality first (multiply —3 to both
sides) and then use the first property of equality (adding — 15
to both sides).

The teacher utilized this task to provide more
opportunities for the students to apply the properties of
equality to solve one-variable equations. After the task was
completed, the teacher moved the class back to the problem
given in the beginning of the lesson.

Conclusion

The screens showed the problem given in the beginning of
the class. Students were asked revisit the equation (9000 x
30% + 700X = 9000) written and solve this equation using
the properties of equality.

After two minutes, the teacher invited a student to report
the solution. A student verbally explained the process as
follow: 9000 x 30% + 700X = 9000; 2700 + 700x=9000;
2700 + 700x — 2700 = 9000- 2700; 700x=6300; x=9. This
move made the topic and the purpose of this lesson
highlighted. As a result, students’ learning was deepened.

In the three minutes of the class, the teacher asked the
students to reflect and summarize what they learned from
this class. The screen showed:

[Pt 1.
.. . Scaffolding
Raising a quastions =

(= real life problsm)

Graph 1.

(Identify equelities)

Summary and Reflection

What did you learn?
What still puzzle you?

Students were asked to talk to each other for this final task
in class. One student was called to summarize the lesson:
“We learned the properties of equality and use the two
properties to solve problems.” The teacher’s last discourse
move was to assign the after-class task: answering the two
questions last showed on the screen: What did you learn?
What still puzzle you? These two questions conclude this
lesson.

5. Discussion

The whole process of this lesson flowed smoothly from
one discourse move to another. Each part of the lesson
played a role and had its purpose for connecting the lesson as
a whole. The activities were closely tied to each other to
serve the main topic of the lesson. The two graphs below
provide an overview of the lesson. The first one shows how
this lesson flowed through the process. The second one
demonstrates the relation between tasks and the topic of the
lesson.

Discoveringnew knowledes
(The 1% property of equality
Tha 2=° property of equality)

I
!

Applying new knowlades
(uzs the properties of squality to
solve equations)

Faflacting new knowladgs
(summatizad raflact what
lezmad)

The flow of the lesson
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Tazkl:
Eazal lifz problam

"
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N 2
\. /
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\ Lezzon Topie:
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A ¥,
‘:.-l' "‘.\
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Graph 2. The tasks the topic of the lesson

The lesson started with the Task 1- a real life problem
which brought up a question that how this problem can be
solved using the new knowledge — the properties of equality.
The rationale of this lesson was established by this question.
In order to find the answer, the students had to go further
with the teacher to learn what would come next. The teacher
then provided the Task 2 that required the students to
identify the expressions that represent an equal relationship
from the given mathematics expressions:

D 4+x=7;2)2x; 3)3x+1;4)a+b=b+A;5)a® + b?;
6)c = 2m;7) 142=3; 8) = ab

This task provided the students opportunity to review their
previous knowledge about equality and connect their
previous learning to the current exploration about the
properties of equality. After this task, the students were
assigned the Task 3- observing the changes of the scale
showed on the screen. They worked in groups to discuss
what they observed and look for underlying mathematics
ideas. Through two observation activities, the students

generalized the first and second property of equality. It is
worth to mention that the teacher did not offer any
information about the properties of equality. She even did
not talk much instead gave the students opportunity to think,
discuss, and generalize the properties based on what they
observed. The students were learning through engaging in
observing, thinking, and communicating with their peers.
The teacher did not tell the rules to the students but provided
the learning tool (the motion pictures of the scale) for them to
discover the new knowledge by themselves.

The Task 3 facilitated the students to self-exploration that
provided them the opportunity to get to know the two
properties of equality. Now the question is: How to use the
properties? The Task 4 was then immediately followed to
ask the students to use the two properties of quality to
complete the blank part:

DIf x-3=2, then x — 3+3=2+

Based on the property of equality, add
to the two sides of the equality at the same time.

4x_—12

DIf 4x =-12, then —=—
)If 4x , then — O
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Based on the property of equality, divide
to t}11e two sides of the equality at the same time.
IIf - 5 x=6, then x= , based on

HIf %x+2:3, then-—x+2 — 2=3 -

As we can see, this task is relatively easy to accomplish.
However, for the students who just learned the properties,
they were still developing their understanding of the new
gained knowledge; this baby-step task could help them
become familiar with the properties and their application.

Following these relatively easy problems, the Task 5 was
given for the students to solve:

x+7=26;  2)-5x=2; 3)5x +4=0:4)- 3x-5=4

The task 5 was a little harder than the Task 4. The students
had to decide which property should be used when solving
the equations. This task offered more opportunities for
students to understand application of the properties of
equality comprehensively.

Up to this point, the teacher brought the students back to
the real life problem and asked the students to answer the
question raised in the beginning of the lesson. Having gone
through all the tasks, the students now were able to answer
the question using the new knowledge learned. The purpose
of this lesson was accomplished. Finally, the lesson was
concluded with the students’ summarizing and reflecting
upon what they had learned from this lesson and thinking
about the question: “what still puzzle you?” The final task
pushed the students to think reflectively in order to solidify
and construct their newly gained knowledge.

5. Conclusion and Future Research

This lesson impressed me with such a high efficiency. In
43 minutes, students completed a sequence of mathematical
tasks at multiple levels individually or in groups. Class time
was very well spent on different students’ activities that are
worthwhile and coherently organized. Furthermore, the five
sets of tasks were closely tied to the topic of the lesson and
worked tightly together to construct the coherence of the
whole lesson to attain a coherent instruction. In summary,
this lesson is content-rich, purpose-oriented, topic-focused,
and carefully planned. As we can see, the teacher did not
lecture the mathematical ideas, instead she gave the students
floor and utilized coherent tasks to facilitate students to
learn independently. Even though, the teacher did not seem
to teach much during the class time, we can tell the lesson
was very thoughtfully and thoroughly planned to reach the
learning goal. The only disadvantage of the lesson is the
class size. There were more than 60 students in class. The
classroom was crowded. However, the teacher handled this
big class quite well. I would not discuss further on this
point because this is beyond the scope of this paper.

This paper not only introduced a framework of teachers’
discourse moves to examine coherence of a mathematical

classroom instruction but also provided an example of
coherent mathematics lesson for teachers and researchers to
see how a teacher’s discourse move(s) integrating with
coherent tasks worked to establish the coherent instructions
in a mathematics classroom. The study has the limitation
because of its concentration on only the lesson itself. A
future research could conduct after-class interview for the
teacher, other class observers, and the students, verifying
the coherence and the effectiveness from lesson designing
perspective and students’ learning outcomes.
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