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< SUMMARY >

This study aims to examine how Korean elementary mathematics curriculum materials support

teachers for successful implementation of reform ideas of the 7th National Curriculum and 2007
National Curriculum Amendment (3-1 only). I analyzed the curriculum materials in grade 3 with
a framework considering: a) instructional tasks for students to examine cognitive demands of
instructional tasks designed for students, b) teacher materials in terms of whether the curriculum
developers’ rationales are visible, and ¢) teacher materials in terms of whether the materials help
teachers anticipate students responses. The findings suggest that: a) instructional tasks in the
textbook focus on understanding and use of procedures in adding and subtracting 3-digit whole
numbers; and b) the Teacher's Guides seem not transparent and to not help teachers anticipate
students’ responses in teaching addition and subtraction with whole numbers.

Key words : reform-oriented mathematics curriculum, —textbook and teachers guides,
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I. Introduction

A curriculum is an organized plan for instruction “that details what mathematics students need
to know, how students are to achieve the identified curricular goals, what teachers are to do to

help students develop their mathematical knowledge, and the context in which learning and
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teaching occur” (National Council of Teachers of Mathematics, 1989, p. 1). Accordingly,
mathematics curriculum materials detail what and how to teach mathematical ideas in mathematics
classrooms. Thus, mathematics curricullum materials have been considered as a crucial medium to
convey new ideas about teaching and learning and to implement such ideas in classrooms.

Curriculum materials have been viewed as educative materials for teacher learning (Ball &
Cohen, 1996; Davis & Krajcik, 2005). Teachers with such materials are expected to teach
mathematical ideas conceptually in meaningful situations with authentic activities in order to
facilitate students learning mathematics. To use the curriculum materials well requires the teachers
to transform classroom implementation fundamentally.

This paper aims to examine Korean elementary mathematics curricullum materials in terms of
teacher-curriculum material relationships. For the purpose of exploring the teacher-curriculum
material relationships, this study analyzes elementary curriculum materials such as Teacher’s
Guides and textbooks designed for students in terms of how the curriculum materials are designed
to support teacher learning and the adoption of new ideas suggested, explicitly and implicitly, in
the reform-oriented curriculum materials developed as a result of the 7th National Curriculum
reform and 2007 National Curriculum Amendment in Korea.

I begin with an overview of research studies on curriculum materials and then describe a
framework for analyzing curriculum materials. I then illustrate the process of data collection and
analysis. Finally, I present the findings from the analysis and discuss implications for further

study and curriculum development.

. Theoretical Framework

Teachers read, interpret, and implement curriculum materials that are selected for their
classroom instruction (Remillard, 1999, 2005; Remillard & Bryans, 2004; Stein, Remillard &
Smith, 2007). In so doing, teachers develop and integrate their knowledge about teaching,
learning, and content of mathematics (Collopy, 2003; Davis & Krajcik, 2005; Llyod, 1999, 2008).
This leads to focus on the teacher portion of curriculum materials to investigate the role of
curriculum materials in promoting teacher learning (Ball & Cohen, 1996; Collopy, 2003; Davis &
Krajcik, 2005; Remillard, 2000; Stein & Kim, 2009).

The analysis of curriculum materials should focus on both base programs and the teacher
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materials by distinguishing the base curriculum materials from the materials designed directly for
teachers (Stein & Kim, 2009). Herein, base programs refer to “the portion of the materials that is
directly pitched to students and their learning” (p. 41) and teacher materials “the parts intended to
guide teachers as they use the materials” (p. 41). Research studies on curriculum typically have
been focused on only the base programs (Freeman & Porter, 1989; Tarr, Chavez, R. Reys & B.
Reys, 2006). Examining both base programs and teacher materials enables us to better understand
both the nature of tasks for students and of student thinking in the base programs, and teacher
learning demand in the teacher materials according to the level of student thinking.

By adopting the guidelines in designing educative curriculum materials developed by Davis and
Krajcik (2005), Stein and Kim (2009) suggest a framework for analyzing mathematics curriculum
materials that is based on a viewpoint of teacher-curriculum material relationship. The
teacher-curricullum material relationship presumes teachers essentially interact with curriculum
materials. Teacher-curriculum material relationship includes the active participation by both teacher
and the curriculum material. This leads to concentrate attention toward particular features of the
curriculum materials and teachers’ interpretation of those features. Thus, the framework for the
analysis of curriculum materials entails the following: a) cognitive demands of instructional tasks;
b) whether curriculum developers’ underlying rationales for a particular task are visible; and c)
whether the curriculum materials support teachers to learn how to anticipate students’ responses.

The framework for analysis of the curriculum materials, specifically, examines cognitive
demands on tasks in the base programs, which consist of instructional tasks for students. The
instructional tasks vary with regard to the level of cognitive demand on students (Stein, Grover,
& Henningsen, 1996). In particular, reform-oriented or Standardsbased mathematics curriculum
materials contain more high-level cognitive demands tasks than low-level in that those programs
requires students to develop conceptual knowledge and to focus on the processes utilized in
mathematics such as problems solving, reasoning, connections, communication, and representation
(Stein & Kim, 2009). The findings about the cognitive demand of the instructional tasks from the
analyses of two reform-oriented elementary mathematics programs that are widely used in the
United States, Everyday Mathematics and Investigations in Number, Data, and Space, suggest that
most of the tasks from both programs are high-level in terms of cognitive demand on students.
The two programs, however, are noticeably different as Everyday Mathematics includes more
procedures with connections (PWC) tasks while Investigations includes more doing mathematics
(DM) tasks (Stein & Kim, 2009). According to the task analysis guide (Stein, Smith, Heningsen
& Silver, 2000), doing mathematics (DM) tasks refer to tasks that are open-ended with limited
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guidance for students and thus, require complex and non-algorithmic thinking such as problem
solving, exploration, examination, etc. to successfully complete given tasks. Considered with DM
tasks as high-level cognitive demand, procedures with connections (PWC) tasks focus students’
attention on the use of procedures for the purposes of developing deeper levels of understanding
of mathematical concepts and ideas; PWC tasks suggest pathways or procedures to follow, which
make connections to meaning, underlying concepts, or understanding, and further, those procedures
cannot be followed mindlessly.

The task analysis framework also suggests low-level demands of mathematical tasks,
memorization and procedures without connections (PNC) tasks. Memorization tasks involve
reproducing facts, rules, formulae, or definitions by relying on memory. Therefore, such tasks
have no connections to the concepts or meaning of the fact, rules, formulae, or definitions.
Procedures without connections tasks are algorithmic and require the use of particular procedures
or algorithms and thus, focus on producing correct answers rather than developing mathematical
understanding. Similar to memorization tasks, PNC tasks have no connections to the concepts or
meaning of the procedures and require no explanations, or explanations focusing only on
describing the procedures that were used.

Transparency was identified and used for analyzing teacher materials; it refers to “the visibility
of the curriculum developers’ rationales for specific instructional tasks or particular learning
pathways found in the base program” (Stein & Kim, 2009, p. 46). Curriculum developers design
tasks in which students encounter particular contexts for mathematical concepts and procedural
skills. The developers’ rationales for the particular mathematical tasks are often implicit to the
consumer of the curriculum. In other words, teachers’ materials typically include step-by-step
directions, sets of mathematical problems to present to students, lists of questions to ask, and
answers the mathematical problems presented, with little information about the underlying
assumptions or perspectives for the design of mathematical tasks (Remillard, 2000). However,
curriculum materials must “speak to teachers about the mathematical ideas underlying the tasks”
(Remillard, 2000, p. 347). That is, making developers’ rationales visible, or transparent, in
curriculum materials, (Stein & Kim, 2009), support teachers to “see connections among suggested
activities in the program, their own understanding of mathematics, and what they believe is
important to learn, thereby moving them away from teaching a list of unconnected, isolated topics
and toward teaching mathematical concepts and ideas” (p. 45).

Curriculum materials can help teachers learn how to anticipate what students may think and do

in performing mathematical tasks (Ball & Cohen, 1996; Collopy, 2003; Davis & Krajcik, 2005;
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Remillard, 2000; Stein & Kim, 2009). Anticipating students’ responses is critical in that students’
mathematical thinking and ways of understanding should be central to mathematics instruction
(National Council of Teachers of Mathematics, 1989, 1991) and teachers face many challenges in
managing such instructional activities (Ball, 2001; Boston & Smith, 2009; Cohen, 1990; Collopy,
2003; Lloyd, 1999; Remillard, 2004; Stein, Grove & Henningsen, 1996). In addition,

anticipating students’ responses involves developing considered expectations about how
students might interpret a problem, the array of strategies—both correct and incorrect—
they might use to tackle it, and how those strategies and interpretations might relate to
the mathematical concepts, procedures, and practices that the teacher would like her
students to learn (Stein & Kim, 2009, p. 45)

By using the framework for analysis of curriculum materials, Stein & Kim (2006, 2009)
analyzed two reform-oriented curriculum materials in the elementary level, Everyday Mathematics
and Investigations in Number, Data, and Space (Investigations), which are widely used in the
U.S. They found both curriculum materials were comprised of high-level tasks; however, the two
were significantly different. That is, Everyday Mathematics had more PWC tasks (79 percent) than
DM tasks (12 percent), whereas Investigations was mainly composed of DM tasks (89 percent)
and the rest were PWC (11 percent) tasks. Similarly, Son and Send (2010) found in their
comparative study that both Everyday Mathematics and the 7th National Curriculum predominantly
comprised of procedural knowledge type of problems in terms of cognitive expectation. In
addition, the findings showed that the two curriculum materials were different in terms of
transparency and anticipation of students’ responses. Investigations were judged to be more
transparent (80 percent) than Everyday Mathematics (21 percent). “The typical Everyday
Mathematics lesson tended to tell teachers what to do, but not why they were doing it” (p. 48).
Regarding the extent to which the curriculum materials provided teachers with support in
anticipating students’ responses, it is suggested that among Everyday Mathematics lessons, 30
percent incorporated examples of students’ work or mathematical thinking. In contrast, 91 percent
of Investigations lessons included “student responses, student work, examples of students’
difficulties or confusions, students’ strategies for solving problems, or explanations of how students
might make sense of mathematical ideas and interpret problems” (p. 48).

This study examines how Korean elementary mathematics curricular materials support teachers
for successful implementation of reform ideas of curricula. For this purpose, I adopt the

framework for analyzing curriculum materials and analyze: a) instructional tasks for students to
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examine cognitive demand on those tasks, b) teacher materials in terms of whether the curriculum
developers’ rationales are visible, referred as transparency, and c) teacher materials in terms of
whether the materials help teachers anticipate students’ responses to instructional activities.

In the following sections, I illustrate the process of data collection and analysis in detail and
the findings from the analysis. Finally, I summarize the study and discuss the findings in broader

contexts and implications of the study.

I. Methods

I collected Korean mathematic curriculum materials produced from the 7th National Curriculum
that aims to promote students’ conceptual and procedural understanding. The significant ideas and
underlying rationales for the development of the national mathematics curriculum aligns with
NCTM Standards (1989, 1991, 2000). Teacher’s guides in fact explicitly describe the principles
and standards of NCTM such as problem solving, conceptual knowledge, communication,
reasoning and proof, positive disposition towards mathematics, etc. In addition, 2007 National
Curriculum Amendment as an effort to advance the 7th National Curriculum generated a new set
of mathematics curriculum materials recently. The new curriculum materials have been
implemented in grade 3 this year, but only for first academic semester (Mathematics 3—1) at this
time, which was also gathered for this study.

The curriculum materials collected for this study include textbooks, workbooks, and teachers’
guides produced from both national curriculum reform—the 7th National Curriculum & 2007
National Curriculum Amendment. In particular, among other materials for teachers, I only
analyzed Teacher’s Guides as many teachers tend to use teachers’ guides (Stein, Kim & Seely,
2006). For this study, I selected chapters of addition and subtraction for grade 3 because the
strand of number and operations is the focal point to elementary grades and the concept of
adding and subtracting whole numbers under the strand is critical for elementary students to
develop number sense.

I coded instructional tasks in the textbooks and workbook for grade 3 that were developed
from the 7th National Curriculum and 2007 National Curriculum Amendment in order to identify
cognitive demands on those tasks for students’ mathematical learning. Before I began coding, I
divided activities in the textbook into tasks and numbered them. A mathematical task in this

study refers to a purposefully contextualized activity or a set of such activity (NCTM, 1995) that
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aims to focus students’ attention on a particular mathematical idea (Stein, Grover & Henningsen,
1996). Then, I assigned a code to each task according to the Task Analysis Guide (Stein, Smith,
Henningsen & Silver, 2000, p. 16), focusing on memorization; procedures without connections to
concepts, meaning or understanding (PNC); procedures with connections to concepts, meaning or
understanding (PWC); and doing mathematics. Further, 1 sought for a peer review about the
coding with the levels of cognitive demand and consulted a mathematics educator about the
cognitive demand of instructional tasks in both kinds of curriculum materials in order to increase
the reliability of the analysis. The mathematics educator and I agreed on all the codes of
cognitive demands on instructional tasks except two tasks in the 7th curriculum. Then, we
discussed about the issue and reached a consensus code.

I investigated the Teacher’s Guides in terms of transparency, whether the rationales for a
particular task design are given in the teachers’ materials. I considered transparent materials as
including “explanations for why a particular task or route through a teaching-and-learning territory
was selected” and explanations of “the mathematical ideas related to the task” (Stein & Kim,
2009, p. 47). Then, I examined the teachers’ material for whether it is designed to provide
teachers with examples of actual student work including students’ invented strategies, drawings, or
representation, and students’ possible interpretation, approaches, questions, difficulties, confusions,

Oor common €rrors.

IV. Findings

First, the findings from the task analysis on cognitive demands show that instructional tasks in
the curriculum materials from the 7th National Curriculum Reform and from 2007 National
Curricullum Amendment for elementary students in grade 3 focus on understanding and use of
procedures in adding and subtracting 3-digit whole numbers. As shown in {Table 1) and {Table
2), 61 percent (14 out of 23 tasks) of tasks in the 7th curriculum were high-level and 64 percent
(9 out of 14 tasks) of tasks in the curriculum materials developed by 2007 National Curriculum
Amendment were low-level with regard to cognitive demand.

Among the high-level tasks, however, there are no tasks requiring complex and non-algorithmic
thinking —doing mathematics tasks—and all of the tasks focus on the use of procedures for

understanding of computation of three- or four-digit whole numbers. For instance, a task identified
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as PWC was designed for students to understand the concept of addition of 974 and 468 with
base-ten blocks. For the task, the textbook illustrates the following steps:

* Use base-ten blocks and represent 974 and 468 with them.

* How many tens and ones when you add ones in both numbers?

* How many hundreds and tens when you add tens in both numbers?

* How many thousands and hundreds when you add hundreds in both numbers?
* How much would 974 + 468 be?

* Why do you think it is? (Ministry of Education, 2001la, p. 20)

(Table 1) Cognitive Demand of Instructional Tasks in Both Curricula

Cognitive Demand

Procedures with 61%
The 7th Curriculum Connections (14/23)
(23 tasks) Procedures without 39%
Connections (9/23)
Procedures with 36%
2007 Amendment Connections (5/14)
(14 tasks) Procedures without 64%
Connections (9/14)

(Table 2) Instructional Tasks and Cognitive Demand

Tthe 31 Cognitive Tth: 3.9 Cognitive 2007 3-1 Cognitive
Demand Demand Demand
Task 1 PWC Task 1 PWC Task 1 PNC
Task 2 PWC Task 2 PWC Task 2 PNC
Task 3 PWC Task 3 PNC Task 3 PWC
Task 4 PNC Task 4 PNC Task 4 PWC
Task 5 PWC Task 5 PWC Task 5 PNC
Task 6 PWC Task 6 PWC Task 6 PNC
Task 7 PWC Task 7 PNC Task 7 PWC
Task 8 PNC Task 8 PNC Task 8 PWC
Task 9 PWC Task 9 PNC Task 9 PNC
Task 10 PWC Task 10 PNC Task 10 PWC
Task 11 PWC Task 11 PNC Task 11 PNC
Task 12 PWC Task 12 PNC
Task 13 PNC
Task 14 PNC
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As suggested in the textbook, this task involves use of manipulatives —base-ten blocks in this
case—in order to develop the concept of adding two numbers. Also, the task requires an
explanation of how adding the two numbers is facilitated correctly. In so doing, the task
encourages students to pay attention to the use of procedures of adding the two numbers, which
corresponds to the steps with the use of base-ten blocks in adding 974 and 468. That is, the
steps suggested seems to follow algorithms in adding two numbers in which two numbers are
lined up and computed from the ones digit to larger ones as shown in (Figure 1). Similarly, the
following task suggests possible pathways to follow that have close connections to underlying

conceptual ideas in adding two numbers as described in (Figure 2).

974 41
+ 468 8

974 74
=» + 468 68

7 7 97 974
6 68 = +468 = +468

(Figure 1) A pathway suggested to add two 3-digit whole numbers
(Ministry of Education of Korea, 2001a, p. 20)

15+298
S
300 2

(Figure 2) Possible methods suggested by the task
(Ministry of Education of Korea, 2001a, p. 22)

Besides, a task of 2007 curricullum also encourages the students to focus on the use of
suggested methods in adding and subtracting two 3-digit whole numbers and moreover, to think
about additional methods or procedures to get answers, which is major features of PWC tasks.

As illustrated in (Table 1, 39 percent of instructional tasks analyzed in the 7th curriculum are
low-level, specifically, procedures without connections tasks that are algorithmic and focused on
producing correct answers rather than developing mathematical conceptual understanding. Those
PNC tasks made no connections to the concepts or meaning that underlie the procedures and
required explanations focusing only on describing the procedure used. For example, an

instructional task provided story problems in real-life situations as follows:
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* Empty bottles were collected in an elementary school. 427 bottles were collected on
the first day and 394 on the second day. How many were collected all together?

* A farm harvested 827 melons last year. 186 more melons are produced this year than
last year. How many melons are produced this year?

* A shipyard constructed 145 ships last year and 279 this year. How many ships are
made for the two years? (Ministry of Education, 200la, p. 21)

However, the task called for the algorithm that was presented in prior instruction and what the
students must do was clear from the task. Further, the task had no connection to the concepts or
meaning of the operation. Thus, the task implicitly suggested using the procedure learned from

prior instruction on subtraction of two 3-digit numbers, which is repeated many times as follows:
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825 — 539 =286 |

(Figure 3) A suggested method in subtracting 3-digit numbers
(Ministry of Education of Korea, 2001b, p. 6)

Likewise, the instructional tasks in the curricullum material of 2007 Curriculum Amendment
were comprised of more PNC tasks (9 out of 14 tasks) than PWC tasks (5 out 14 tasks) as
revealed in (Table 1). For example, a task in the textbook suggested third graders to compute
421 - 287 vertically and horizontally by estimation and paper-and-pencil and with base-ten blocks
to check their answers. The task required students to use procedures that were suggested in the
prior task by using mental estimation with hundreds- and tens-digit numbers. That is, this task
seemed to focus on the use of mental estimation procedurally in adding two whole numbers and
thus, give attention to correct answers rather than developing understanding. The students with the
instructional tasks can complete without understanding by the procedures of mental estimation
method proposed by the task. Consequently, it requires limited cognitive effort to complete
successfully. The students would be able to compute the given problem procedurally regardless of
their conceptual understanding of subtraction.

Second, the findings from the analysis of teachers’ material in terms of whether the curriculum
designers make their rationales for a particular activity or task visible to the reader reveal that 9

percent (2 out of 23 tasks) of the 7th curriculum were judged to be transparent and 14 percent
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(2 out of 14 tasks) of 2007 Amendment curriculum to be transparent. Instead of describing why a
certain activity or problem is suggested in order to help third graders understand whole numbers
and operations of addition and subtraction and how such activity or problem is important and
worthwhile to learn the concept, the Teacher’s Guides from the both curricula explain the steps
and procedures to follow without providing any information and explanations for their decisions
on the problem selection for students. The explanations were just a replication of the procedures
suggested in a form of words and solutions for problems. The Teacher’s Guides, for example,

portrays a method for subtracting 839 from 1325 as shown in (Figure 4):
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(Figure 4) Subtracting 839 from 13256
(Ministry of Education of Korea, 2001d, p. 75)

(Figure 4] is a suggested method in the textbook. Below (Figure 4], it says in the Teacher’s

Guides that:

1. Borrow 10 from 2 in tens digit and subtract 9 from 15. Then 15 - 9 = 6; write 6 in

ones digit.

2. Borrow 100 from hundreds digit, which results in 11 in the digit. Then 11 - 3 = §;
write 8 in tens digit.
3. Borrow 1000 from thousands digit, which results in 12 in the digit. Then 12 - 8 = 4;

write 4 in hundreds digit.
4. There is 0 in thousands digit; write nothing. (Ministry of Education of Korea, 2001d,

p. 75)

The description does not involve any background information of the particular algorithm in
subtraction. In addition, it does not provide any rationales of why the traditional strategy
suggested by the task among other strategies should be taught and emphasized repeatedly
throughout the tasks in the textbook. The suggested algorithm of lining up numbers and working
from ones digit is not the only method for solving addition and subtraction problems. However,
there were no explanations on why this particular strategy is important for students in third grade
to understand the concept of subtraction and to develop the computational skills in adding and

subtracting whole numbers.
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Finally, the findings on whether the teachers’ materials help teachers anticipate students’
responses suggest that only 4 percent (1 out of 23 tasks) of the 7th curriculum and 36 percent (5
out of 14 tasks) of 2007 curriculum were judged as such. Nearly all the lessons in the 7th
curriculum did not provide any meaningful information about students’ mathematical thinking that
includes possible students’ responses, examples of students’ actual work for the concept, students’
difficulties, errors, or confusions with the concept, possible students’ strategies for solving addition
and subtraction problems, or explanations of how elementary students might make sense of
addition and subtraction with whole numbers.

The only case in the 7th Curriculum that was judged to help teachers anticipate students’
responses explained that “With story problems involving two numbers, students tend to use only
one operation that they are learning, not thinking of selecting an appropriate operation” (Ministry
of Education of Korea, 200lc, p. 104). In addition, the Teacher’s Guides present possible

questions to ask students in performing the task:

» What are you trying to figure out?

* What is given in the problem?

« Is there an unnecessary number to solve the problem?

* Make a number sentence and use it in your computation.

* Check your computation if it is correctly done.

* State your answer. (Ministry of Education of Korea, 2001c, p. 104)

The possible questions presented, however, do not pertain to the teaching of this particular
mathematical idea. Rather, the questions could be used at any time for checking problem solving
steps to get correct answers, neither for the specific mathematical task nor for the conceptual
understanding of numbers and operations.

The Teacher’s Guides of 2007 curriculum were judged as 36 percent of lessons would help the
teachers anticipate student response. The anticipating examples provided in the material, however,
seemed limited in that possible student response was very general and no actual students’ work or
thinking processes were provided. For instance, possible strategies or responses for solving
addition and subtraction problems were presented. On the other hand, the same information was
repeated for a similar task: “According to research, most elementary students prefer to use this
particular mental estimation strategy [suggested by a task]” (Ministry of Education, Science and
Technology, 2010b, p. 133).

In addition, the teachers’ materials did not contain any information about elementary students’
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difficulties in learning and understanding the concept of addition and subtraction with whole
numbers, and computation by lining up the numbers by their relative digit, which is not natural.
Moreover, no cues of expected students’ reactions including confusions, misconceptions, common

errors, etc. in the Teacher’s Guides in order to help teachers teach for understanding.

V. Discussion

This study examined elementary mathematics curriculum materials from teachers’ perspectives.
In particular, the topic of addition and subtraction with whole numbers for third graders was
selected and analyzed in terms of cognitive demand on instructional tasks for students. Also, this
study explored teacher’s materials with regard to whether the materials provide explanations to
make the curricullum material designers’ rationales for particular tasks visible to teachers. Finally,
the teacher materials were scrutinized with respect to whether they help teachers anticipate
students’ responses.

The findings from the analyses, first, suggest that 61 percent of instructional tasks in the 7th
curriculum and 36 percent in 2007 Amendment curriculum are procedures with connections
(PWC) in terms of cognitive demand of the tasks. Although PWC tasks are considered
high-level cognitive demands, there is no task at the doing mathematics level, which is the other
task related to high-level cognitive demand. This particular topic of addition and subtraction with
3- or 4-digit whole numbers in grade 3 overall consists of procedures with connections tasks,
which might result from the orientation that the importance of acquisition of skills and algorithms
in the elementary school. This orientation, however, does not fully manifest the reform ideas in
the mathematics curricullum materials. Thus, it might be natural to repeat practices with
procedures without connection (PNC) tasks to reinforce the use of procedures in many different
situations, but not significantly different in terms of mathematical structure, the structures of
addition and subtraction such as result unknown, change unknown, start unknown, and part-whole,
and mathematical operations of addition and subtraction at the same time. In addition, the both
kinds of curricula organize addition and subtraction separately; there is a sequential step, addition
followed by subtraction. In contrast, reform-oriented curriculum materials such as Everyday
Mathematics and Investigations in the U.S. tend to not only mention all the problem structures of

addition and subtraction, but also impart addition and subtraction together, not separately
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throughout the curriculum materials. In particular, Investigations suggested an activity for third
graders to develop strategies to solve addition and subtraction problems and be able to relate
standard addition and subtraction notation to comparison situations through a following story
problem: “Let’s say I grabbed 189 beans with my right hand and 150 beans with my left hand.
What’s the difference between the number of beans in my two hands?” (Combining and

Comparing, Teacher’s Guides, 1998, p. 48). It is suggested that:

Ask students to work on this problem for a few minutes and to write down their
strategy for solving it. They may work with a partner if they wish. When students are
satisfied with their solutions, have a few of them share their strategies. (Combining and
Comparing, Teacher's Guides, 1998, p. 49).

As you work with all of the problems in this unit, encourage the flexible use of
addition and subtraction. Ultimately, we hope students will see not only that both
processes work, but also that these processes are quite related and are, in fact, the
inverse of each other. Encourage students to articulate their ideas about adding,
subtracting, and the relationship between them (Combining and Comparing, Teacher's
Guides, 1998, p. 52).

The matter of transparency and anticipation visible in the Teacher’s Guides should be related to
the issues of cognitive demand of instructional tasks. Instructional tasks are focused not on the
development of mathematical conceptual understanding and ultimately mathematical power such as
mathematical problem solving and reasoning skills, but on the development of skillful performance
in the computation of addition and subtraction. In other words, procedures with connection tasks
emphasize the use of procedural knowledge in a meaningful context, but those tasks do not
encourage students to explore mathematical ideas and structures through more various methods to
tackle mathematical tasks.

The findings also suggest that the Teacher’s Guides seem not transparent and to not help
teachers anticipate students’ responses in teaching addition and subtraction with whole numbers.
The teachers’ materials hardly provide possible questions to ask students to promote conceptual
understanding. Even when possible questions were presented in the Teachers’ Guides, such
questions are not specific to the concept or ideas of mathematics. Further, those questions do not
seem to promote mathematical thinking. NCTM (1991) suggests a series of questions to ask
students in order to develop reasoning skills and problem solving, away from merely using

procedures, which would be more helpful, as follows:
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How did you reach that conclusion?

Why do you think that?

Why is that true?

Is that true for all cases?

Can you think of a counterexample?

What assumptions are you making?

What is alike and what is different about your method of solution and other’s? (NCTM,
1991, selected from pp. 3-4)

The Teacher’s Guides of the 7th and 2007 Amendment curricula do not explain how teachers
support their students to develop mathematical proficiency in addition and subtraction with
particular instruction tasks. The purpose of teaching mathematics is to develop mathematical
proficiency consisting of conceptual understanding of mathematical concepts, operations and
relations, procedural fluency in solving problems, strategic competence in solving mathematical
problems, and adaptive reasoning that is based on logical thinking, explanation, and justification
(NRC, 2001). To successfully achieve the goal, curriculum developers should “speak to teachers”
(Remillard, 2000) by making rationales for their decisions. For instance, the Teacher’s Guides
could afford explanations of why third graders need many opportunities to develop their
understanding of story problems and to learn ways to compute by using particular methods in
computing whole numbers. When curriculum designers provide explanations or information of why
the algorithm should be taught among other strategies in the computation with addition and
subtraction, teachers would have more flexibility in designing their own lessons and be able to
organize the ideas presented in the curriculum in productive ways (Brown, 2009). For instance, a
reform-oriented elementary curriculum of the U.S. offers a story for first graders, “The other day,
I was watching some birds at the park. I counted 5 on one tree branch, then 2 more birds flew
over and landed on the same branch,” which was an activity for making sense of combining. The

Teacher’s Guides of Investigations illustrates that:

First graders need many opportunities to develop their understanding of story problems
and to learn ways of recording their thinking clearly. (...) Interpreting story problems
that describe a sequence of actions can be challenging for first graders. In this
whole-class activity, the numbers in the problems are deliberately kept small so that
students can work mentally and can focus on the meaning of the story problem. (...)
An important aspect of solving story problems is being able to recognize the sequence of
actions in the story. Ask students to try to see the story in their minds as you tell it.
Some may want to close their eyes to help them concentrate. (Investigations, Grade 1
Teacher’s Guides, as quoted by Stein & Kim, 2006, p. 20)
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If a written curriculum is to present a series of highlights then a story with the highlights
should be communicated in teachers’ materials. Teacher’s guides must support teachers in figuring
out the gaps among the highlights and how different pieces are related to each other (Ball &
Cohen, 1996; Cirillo, Drake & Herbel-Eisenmann, 2009; Davis & Krajcik, 2005; Remillard &
Bryans, 2004). In so doing, results from relevant research studies on students’ mathematics
learning ought to be connected and used in the development of mathematics curriculum (Battista
& Clements, 2000). “Teacher materials that provide developed examples of potential student
responses (anticipation) and mathematical rationales (transparency) for student tasks will provide
more opportunity for teacher learning” (Stein & Kim, 2006, p. 38) to promote desired students’

mathematical learning.
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