A Coherent Curriculum

The Case of Mathematics

i Consider the agricultural prospects of two
countries: In Country A, the nation takes the
best that’s known about growing crops and
translates it into clear, coherent, manageable
guidelines for farming. These guidelines are
distributed to all farmers in the country.
Further, Country A makes available to all farm-
ers up-to-date tools (tractors, balers, har-
vesters, etc.) and training on how to use these
tools that allow them to implement the wis-

dom contained in the guidelines. Just as in any i Country A counterpart

other country, some farmers have inherently
greener thumbs than others; they find ways to
surpass the guidelines and cultivate extra-rich
crops. But the broad availability of the guide-
lines and tools puts a floor beneath farming
quality. As a result, the gap between the most-
and least-effective farmers is not very great,
and the average quality of farming is quite
good. Moreover, the average quality slowly
increases as the knowledge of the best farmers
is incorporated into the guidelines.

In Country B, the situation is very different.
States, and sometimes towns, assemble a list
of everybody’s favorite ideas about farming.
The list is available to any farmer who seeks it
out, but it’s up to the individual farmers to
develop their own guidelines based on the list.
The ideas are interesting, but there are too
many ideas to make use of, no indications of
which ideas are the best, and no pointers on
which ideas fit together with other ideas. Plus,
using the ideas requires tools—and training

Journal of Direct Instruction

WILLIAM SCHMIDT, RICHARD HOUANG, and LELAND COGAN, Michigan State University

i about how to use the tools. Few farmers have
i ready access to either.

The result: A few particularly skilled farmers
i in Country B figure out how to farm produc-

tively. They are mainly the farmers in more

affluent areas—they have been able to attend
i great local agricultural schools and can afford

the tools suggested by their training. A few

i additional farmers—those with a special
¢ knack—do fine anyway, despite their lack of

training and use of poor tools. But most of

i Country B’s farms aren’t particularly efficient,
i certainly not in comparison with Country A’s.
i In Country B, the gap between the most- and
i least-effective farms is huge, and the produc-

tivity of the average farm is far less than its

This analogy explains much of the difference
between schooling and teaching in the highest
achieving countries in the world and in the

i United States. Like the farmers in Country A,
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i teachers in the highest achieving countries
have coherent guidelines in the form of a
national curriculum. They also have related
tools and training—teacher’s guides, student
textbooks and workbooks, and preservice edu-
cation—that prepare them to teach the cur-
riculum and provide opportunities for

contrast, like the farmers in Country B, teach-
ers in the U.S. have long lists of ideas about
what should be taught (aka standards) and
market-driven textbooks that include some-
thing for everyone but very little guidance,
tools, or training.

U.S. have to work a little harder to figure out
what they are going to teach? A new analysis of
data from the Third International Math and
Science Study (TIMSS) provides evidence
that American students and teachers are
greatly disadvantaged by our country’s lack of
a common, coherent curriculum and the texts,
materials, and training that match it.

Some people think that the purpose of an
international comparison is to see which coun-
try is best and then get the U.S. to emulate its
practices. That idea is naive. You cannot lift
something from one cultural context and
expect it to work in another. But international
research can cause us to challenge some of our
common assumptions about education and
consider alternatives to what we are doing.

First, let us briefly review what TIMSS is and

published in a series of previous reports.
Then we will turn to our more recent find-
ings in Grades 1 through 8 mathematics cur-
ricula, in which we can see that high
performing countries teach a very similar,
very coherent, core math curriculum to all of
their students—and we, decidedly and
clearly, do not. Lastly we will look at the

i importance of this finding by examining the
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i cascade of benefits that flow from attaining a
i coherent, common curriculum.

i 1. The Early TIMSS Findings

TIMSS is the most extensive and far-reach-
ing cross-national comparative study ever H
i attempted. It was conducted in 1995, with 42
curriculum-based professional development. In countries participating in at least some part |
i of the study. TIMSS tested three student
populations: those who were mostly 9 years
old (Grades 3 and 4 in the U.S.); those who
i were mostly 13 years old (Grades 7 and 8 in
i the U.S.); and students in the last year of

secondary school (12th grade in the U.S.). In

i addition to the student tests, the study

Why should we be concerned if teachers in the | included a great deal of other data collection,

including extensive studies of curriculum.

i Findings from the curriculum study are the
heart of this article; but first, let’s review

what’s already been reported in the general

press about TIMSS.

5 The Horse Race

The horse race—who comes in first, second,

i and third—is not particularly important in

and of itself. In fact, the ranking of nations is
simply the two-by-four by which to get peo-

i ple’s attention.

At the fourth-grade level, the U.S. did reason-

i ably well on the TIMSS exam. Our students
scored above the international average in both
math and science. In science, in fact, we came
very close to being number one in the world;

i our fourth graders were second only to the

i South Koreans. In mathematics, on the other
the TIMSS findings to date, which have been i hand, our performance was only decent; it was
above average, though not in the top tier of

i countries. (Detailed findings, including tables
and graphs, can be found on our Web site,

! htep://ustimss.msu.edu, or at the U.S.
Department of Education’s TIMSS Web site,

http://nces.ed.gov/timss)

By eighth grade, however, the U.S. dropped to
i the international average, slightly above aver-
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i age in science and slightly below average in

i mathematics. In other words, just 4 years along

¢ in our educational system, our scores fell to

i average or even below average. The decline
continues so that by the end of secondary

i school our performance is near the bottom of
i the international distribution. In both math

i and science, our typical graduating senior out-
i performed students in only two other coun-

i tries: Cyprus and South Africa.

i Some people might ask, “What difference does
i it make if we can’t do fancy math problems?”
It does make a difference. A typical item on

i the TIMSS 12th-grade math test shows a rec-
i tangular wrapped present, provides its height,
i width, and length, as well as the amount of

i ribbon needed to tie a bow, and asks how
much total ribbon would be needed to wrap

i the present and include a bow. Students sim-
i ply need to trace logically around the package,
i adding the separate lengths so as to go around
in two directions and then add the length

i needed for the bow. Only one-third of U.S.

i graduating seniors can do this problem, how-

i ever. This is serious.

i Another part of the 12th-grade TIMSS study
involved advanced students, those taking

! courses like calculus or college-preparatory
physics. The results are quite startling: We are
near the bottom of this international distribu-
tion also. In the past, when international

i results have been reported, many people have
i suggested, “It’s really not a problem because

i our best students are doing okay.” That’s sim-
i ply not true. In fact, a comparison of mathe-

i matics scores in 22 countries revealed that

i U.S. eighth graders who scored at the 75th

i percentile were actually far below the 75th

i percentile in 19 of the other countries. The

i most dramatic results were in comparison to
Singapore—a score at the 75th percentile in

i the U.S. was below the 25th percentile in
Singapore. The problems we must address
affect not only our average students, but even
those who are above average.
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Curriculum Matters:
What You Teach Is What You Ger

i Now these horse race results are interesting
and disquieting. But they hide important

i results that we think help with understanding
i our poor performance and give us the keys to
i fixing it. To really understand the TIMSS

i results, you have to examine student achieve-
ment in different areas of the curriculum

i within math and science.

When you look at the performance of eighth-

i grade students in different math and science

i content areas, you will find that U.S. perform-
i ance is remarkably different on different top-

ics. And, the same is true for virtually every

i other country. For example, Singapore was

i number one in science at eighth grade, but

i students there were not number one in all of

the different science areas.

¢ One of the most important findings from
¢ TIMSS is that the differences in achievement
i from country to country are related to what is

taught in different countries. In other words,
this is not primarily a matter of demographic

! variables or other variables that are not greatly
affected by schooling. What we can see in

i TIMSS is that schooling makes a difference.

i Specifically, we can see that #he curriculum
itself—what is taught—makes a huge difference.

i Consider the performance of Bulgarian stu-

! dents in science. They were tops in the world
in the area of the structure of matter but
almost dead last in the area of physical
changes. Consider, too, the remarkable varia-

tions in U.S. performance in mathematics. Our

eighth-grade students did their very best math
work in the area of rounding. Our kids are
i among the world’s best rounders. We obviously

teach it thoroughly. But based on the TIMSS

¢ results, we are obviously not doing an ade-
i quate job of teaching measurement; perimeter, :
i area, and volume; and geometry. :
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i These findings emerged from a substantial

i line of research within TIMSS that examined
i what is taught in 37 countries. To get a rich

i picture of math and science instruction in

i each country, we looked at the “intended”

¢ content—that is, what officials intended for
teachers to teach, and “enacted” content—

! that is, what teachers actually taught in their
classrooms. In most countries, the intended

i content was simply the national curriculum.

i But in the handful of countries without a

! national curriculum, we sought out other for-
i mal statements of intended content at the

i regional or local level. For example, in the

i U.S. we examined state and district standards.
i In all of the countries we determined the

i enacted content by surveying teachers about
what they believed they had covered.

i Additional information on what is taught came

i from a review of several major textbooks in
i each country and, in a few countries, class-
i room observations.

i Based on these studies of the “intended” and
i “enacted” content in mathematics, we can

i make some general claims. We know that in

i most countries studied, the intended content
i that is formally promulgated (at the national,
regional, or state level) is essentially replicated
i in the nation’s textbooks. We can also say that
in most countries studied, teachers “follow”
the textbook. By this we mean that they cover
i the content of the textbook and are guided by
the depth and duration of each topic in the
textbook. From this knowledge, we can say

i with statistical confidence that what is stated
in the intended content (be it a national cur-
riculum or state standards) and in the text-

! books is, by and large, taught in the classrooms
i of most TIMSS countries. Knowing all of this,
i we can often trace the strengths and weak-

i nesses that a nation’s students display on
given topics to comparable strengths and

i weaknesses in the intended content. In short,

our study shows clearly that curriculum mat-
ters. If a nation asks teachers to teach a partic-
ular set of topics in a particular grade, that is

what teachers will likely teach—and, in the

aggregate, it is what students will likely learn.

i This was true even after we controlled for stu-

dents’ socioeconomic status.!

Curricula in the U.S.:

. A Mile Wide, an Inch Deep

Based on these early analyses of TIMSS data,

i we can characterize the intended math and

science content (as stated in sets of standards
and textbooks) in the U.S., relative to others
in the world, in four ways:

1. Our intended content is not focused. If you
look at state standards, you’ll find more
topics at each grade level than in any other
nation. If you look at U.S. textbooks, you’ll
find there is no textbook in the world that
has as many topics as our mathematics text-
books, bar none. In fact, according to
TIMSS data, eighth-grade mathematics
textbooks in Japan have around 10 topics,
but U.S. eighth-grade textbooks have over
30 topics. And finally, if you look in the
classroom, you’ll find that U.S. teachers
cover more topics than teachers in any
other country.

2. Our intended content is highly repetitive. We
introduce topics early and then repeat them
year after year. To make matters worse, very
little depth is added each time the topicis i
addressed because each year we devote much i
of the time to reviewing the topic. :

3. Our intended content is not very demand-
ing by international standards. This is espe-
cially true in the middle-school years, when
the relative performance of U.S. students
declines. During these years, the rest of the
world shifts its attention from the basics of

1 Schmidt, W. H., McKnight, C. C., Houang, R. T., Wang, H., Wiley, D. E., Cogan, L. S., et al. (2001). Why schools matter: A
cross-national comparison of curriculum and learning. San Francisco: Jossey-Bass. :
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arithmetic and elementary science to begin-
ning concepts in algebra, geometry, chem-
istry, and physics.

4. Our intended content is incoherent. Math,
: for example, is really a handful of basic
ideas, but in the United States, mathemat-
ics standards are long laundry lists of seem-
ingly unrelated, separate topics. Our most
recent analysis has more to say about this
and we will return to it in the next section.

As a result of these poorly designed standards
¢ and textbooks, the curriculum that is enacted
in the U.S. (compared to the rest of the
world) is highly repetitive, unfocused, unchal-
lenging, and incoherent, especially during the
middle-school years. There is an important

! implication here. Our teachers work in a con-
! text that demands that they teach a lot of
things, but nothing in-depth. We truly have

i standards, and thus enacted curricula, that are
i a “mile wide and an inch deep.”

One popular response to a study like TIMSS is

i to blame the teachers. But the teachers in our
i country are simply doing what we have asked
i them to do: “Teach everything you can. Don’t
i worry about depth. Your goal is to teach 35

i things briefly, not 10 things well.”

Il. The Coherent Curriculum

Discussion of the TIMSS achievement results
: has prompted policymakers in the U.S. and
elsewhere to wonder just what it might mean
to have a world-class mathematics or science

curriculum. In response to this interest, we
investigated the top achieving TIMSS coun-
tries’ curricula in mathematics and science to
distill what they considered essential content
for virtually all students? over the different

grades of schooling. With this new analysis, we

can go beyond the critique of our “mile-wide-
inch-deep curricula” and look at the character
and content of a world-class curriculum.’

Although we conducted this analysis for both

math and science, in this article we will only
address the math findings.

After identifying the top achieving (or A+)
countries and devising a methodology to deter-
mine the topics that were common to their
curricula, we developed a composite set of
topics consisting of the topics that at least
two-thirds of the A+ countries included in
their curricula. This A+ composite is dis-
played in Figure 1. Next, composites for U.S.
mathematics standards from 21 states (Figure
2) and 50 districts (Figure 3) were also devel-
oped and compared to the A+ composite.

While examining the A+ composite, it is

important to keep in mind that this figure rep-
resents a “core” curriculum, not a complete
curriculum. Our goal in developing the com-
posite was to find out which topics at least
two-thirds of A+ countries believed to be
essential. Not surprisingly, these countries’ :
points of agreement resulted in a smaller set of i
topics in our composite than any one of these
countries includes in its national curriculum.*

i 2 In each of these countries there is a document outlining the content that is to be taught to virtually all children in the
i school system. Some students may receive additional advanced problems for specific topics. In Hong Kong, for exam-
ple, textbooks may indicate Level 2 problems that teachers are encouraged to assign to their more advanced students.
But the composite presented in Figure 1 is based on the material that all students are exposed to.

3 Schmidt, W. H., Wang, H. A., & McKnight, C. C. (n.d.). Curriculum coherence: An examination of U.S. mathematics
i and science content standards from an international perspective. Paper being prepared for publication.

4 To make sure that our analysis of the A+ composite did in fact apply to a complete curriculum, we developed a second
composite that included all of the additional topics from the A+ countries. This complete composite confirmed that the :
basic three-tier structure that is discussed in the section on the A+ composite is retained even after the additional top-

ics are added.
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Figure 1

A+ Composite: Mathematics topics intended at each grade
by at least two-thirds of A+ countries.

TOPIC GRADE: 1
Whole Number Meaning ]
Whole Number Operations ]

O

LER _BE_RES

Measurement Units

Common Fractions

Equations and Formulas

Data Representation and Analysis

oo m m|m|w

2-D Geometry: Basics

Polygons and Circles

CER BE RN RE BE BN |
]
O/mm|0Om

Perimeter, Area, and Volume

Rounding and Significant Figures

Estimating Computations

Properties of Whole Number Operations

Estimating Quantity and Size

Decimal Fractions

BN RiniiniN B BN BE BN NiuiN BN BN BN BE BES

Relationship of Common and Decimal Fractions

Properties of Common and Decimal Fractions

Percentages

Proportionality Concepts

Proportionality Problems

miN BN BE BN BN BN RESER BN BN BN BE BN BN BN BE BN BN BN NE%
|

2-D Coordinate Geometry

RN BN His

Geometry: Transformations

O/mO/m|m | m | m|n|n

Negative Numbers, Integers, and Their Properties

[m|

Number Theory

Exponents, Roots, and Radicals

O

Exponents and Orders of Magnitude

Measurement Estimations and Errors

Constructions w/ Straightedge and Compass

LAN REsEnin BN BN BN BN BE BN |
]

3-D Geometry

Congruence and Similarity

Rational Numbers and Their Properties

Patterns, Relations, and Functions

ojoo= =0

Slope and Trigonometry

Number of topics covered by at least 67%
of the A+countries 3 3 7 15 20 17 16 18

Number of additional topics intended by A+ countries
to complete a typical curriculum at each grade level 2 6 5 1 1 3 6 3

O intended by 67% of the A+ countries
B intended by 83% of the A+ countries
B intended by 100% of the A+ countries

Note that topics are introduced and sustained in a coherent fashion, producing a clear upper-triangular structure.
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i To represent the full scope of a complete
mathematics curriculum in a typical A+ coun-
try, roughly three topics would have to be
added at each grade level in addition to those
listed in Figure 1. As noted in the last line of
Figure 1, the average number of topics that
would have to be added range from one (in
Grades 4 and 5) to as many as six (in Grades 2
and 7). This is important information for
Americans who understand that there is a
need for a common, prescribed curricular core,
but also believe some local discretion must be
accommodated. The A+ composite shows
that, at least in math, it is eminently sensible
and doable to think of some math topics as
part of a required core taught in particular
grades and others as topics that can float
according to, say, state or district discretion.

The A+ Composite

Figure 1 presents the A+ composite for math-
ematics by topic and grade. The 32 topics
listed are those that are in the national curric-
ula at a given grade in at least two-thirds of
the A+ countries. As evidenced by the
“upper-triangular” shape of the data, the A+
composite reflects an evolution from an early
emphasis on arithmetic in Grades 1 through 4
to more advanced algebra and geometry begin-
ning in Grades 7 and 8. Grades 5 and 6 serve
as a transitional stage in which topics such as
proportionality and coordinate geometry are
taught, providing a bridge to the formal study
of algebra and geometry.

More specifically, these data suggest a three-
tier pattern of increasing mathematical com-
plexity. The first tier includes an emphasis
primarily on arithmetic, including common
and decimal fractions, rounding, and estima-
tion. It is covered in Grades 1 through 4. The
third tier, covered in Grades 7 and 8, consists
primarily of advanced number topics such as
number theory (including primes and factor-
ization, exponents, roots, radicals, orders of
magnitude, and rational numbers and their

i properties), algebra (including functions and
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slope), and geometry (including congruence
and similarity, and three-dimensional geome-
try). Grades 5 and 6 appear to serve as an over-
lapping transitional tier with continuing
attention to a few arithmetic topics, but also

¢ with an introduction to more advanced topics

such as percentages; negative numbers, inte-

gers, and their properties; proportional con-

cepts and problems; two-dimensional
coordinate geometry; and geometric transfor-
mations.

i The curriculum structure also includes a small

number of topics that provide a form of conti-
nuity across all three tiers. These continuing
topics (such as measurement units, which are
covered in Grades 1 through 7, and equations
and formulas, which are covered in Grades 3
through 8) seem to support the overall curricu-
lum structure. These topics have an implied
breadth that means they could move from
their most elementary aspects to the begin-
ning of complex mathematics during the ele-
mentary and middle grades. Another pattern
identified in Figure 1 is the number of grades
in which a topic is covered in the A+ compos-
ite—mathematics topics in these countries are

generally intended for an average span of 3
i years. Only 8 out of the 32 topics are covered

for 5 or more years. In addition, 5 out of the 32
topics are covered for only 1 year in Grades 1
through 8. (These five topics reappear in the
upper secondary mathematics curricula of A+
countries, but Figure 1 does not include this
information.) As you will see, the short dura-
tion of topic coverage stands in stark contrast
to the U.S.

i These data indicate that across the A+ coun-

tries there is a generally agreed-upon set of
mathematics topics—those related to whole
numbers and measurement—that serve as the
foundation for mathematics understanding.

¢ They constitute the fundamental mathematics

knowledge that students are meant to master
during Grades 1 to 5. Future mathematics
learning builds on this foundation. At the mid-
dle and upper grades, new and more sophisti-
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i cated topics are added—and, significantly, the
i foundation topics then disappear from the cur-
i riculum.

i A Structure That Reflects the Discipline

i of Mathematics

To date, most discussions and evaluations of

i the quality of American standards have
revolved around such characteristics as clarity,
i specificity, and, often, a particular ideology. For
i example, in mathematics these distinctions
have been revealed in what is called the “math
i wars,” a debate over what constitutes basic

i mathematics for the school curriculum.

i With our look at the A+ composite, our defini-
i tion of quality moves beyond these issues to
what we believe is a deeper, more fundamental
i characteristic. We feel that one of the most

¢ important characteristics defining quality in
content standards is what we term coherence.

i We define content standards and curricula to
be coherent if they are articulated over time
i as a sequence of topics and performances that
i are logical and reflect, where appropriate, the
sequential or hierarchical nature of the disci-
plinary content from which the subject mat-
¢ ter derives. That is, what and how students

i are taught should reflect not only the topics
that fall within a certain academic discipline,
i but also the key ideas that determine how

i knowledge is organized and generated within
i that discipline.

! This implies that “to be coherent,” a set of
content standards must evolve from particulars
i (e.g., the meaning and operations of whole

i numbers, including simple math facts and rou-
i tine computational procedures associated with
i whole numbers and fractions) to deeper struc-
i tures inherent in the discipline. This deeper

i structure then serves as a means for connect-

i ing the particulars (such as an understanding

of the rational number system and its proper-
ties). The evolution from particulars to deeper
structures should occur over the school year
within a particular grade level and as the stu-
dent progresses across grades.

Based on this definition of coherence, the A+
composite is very strong and seems likely to
build students’ understanding of the big ideas
and the particulars of mathematics and to
assure that all students are exposed to sub-
stantial math content.

In sum, the “upper-triangular” structure of
the data in Figure 1 implies that some topics
were designed to provide a base for mathe-
matics understanding and, correspondingly,

were covered in the early grades. Increasingly

over the grades, the curricula of the top
achieving countries become more sophisti-
cated and rigorous in terms of the mathemat-
ics topics covered. As a result, it reflects a
logic that we would argue is inherent in the
nature of mathematics itself. As we will see,
the U.S. state and district standards do not
reflect a comparable logical structure.

The A+ composite is stunningly coherent, and

it’s a pole star that can guide our curriculum
and standards-writing efforts. But the huge
educational impact of the curriculum in A+
countries lies in several additional related
facts: In every A+ country, there is a single
national curriculum.’ It does not sit on a shelf
unread and unused, nor is it an exceedingly
long document that teachers pick through on
their own, selecting which topics to emphasize
and de-emphasize. The national curriculum as
a whole is meant to be the enacted curricu-
lum; related training, tools, and assessments
are provided that make such enactment possi-
ble (and likely). The curriculum’s coherence is
translated into textbooks, workbooks, diagnos-
tic tests for teacher use, and other classroom

5 Belgium actually has two national curricula, one for each of its two national language groups. For all practical purposes
i though, a given group of teachers and students are only governed by one, so it functions like a single national curriculum. :
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i materials that enable teachers to bring the
curriculum into the classroom in a relatively
consistent, effective way. In turn, the curricu-
lum serves as an important basis for the
nation’s preservice teacher education and for
ongoing professional development, which again
adds to the generally consistent, high quality
of teaching across classrooms and schools.

Underlying all of this and making it all possi-
ble, is the fact that the curriculum is com-
mon—that is, the same coherent set of topics
is intended to be taught in the same grade to
virtually every child in the country—at least
from Grades 1 through 8 (the focus of our
study). Regardless of which school you attend
or to which teacher you are assigned, the sys-
tem is designed so that you will be exposed to
the same material in the same grade.

This common, coherent curriculum makes
possible a cascade of benefits for students’
education. The possible net effects of these
benefits are (a) to positively influence overall
student achievement (as reported in the open-
ing section of this article); (b) to greatly
reduce the differential achievement effects
that are produced (in the U.S.) by standards
and curricula of different quality; and, as a
result, (c) to substantially weaken the rela-
tionship between student achievement and
socioeconomic status (a link which is quite
strong in the U.S.).

Ill. Repetition and Incoherence
in the U.S.

As we know, unlike the A+ countries, the U.S.
does not have a single, national curriculum. To
determine the intended math curriculum, we

looked primarily at the math standards that
have been established at the state level. We
also reviewed district-level standards.

State Standards

In Figure 2 we show a composite of the math
standards in the 21 states that volunteered for
our study. Since Figure 1 includes topics that

¢ were intended by at least two-thirds of the H
i A+ countries, a similar two-thirds majority was ;

applied to create the state composite shown in i
Figure 2. The resulting pattern for the com-
posite of U.S. states is very different from that
of the A+ countries. The state standards do
not reflect the three-tier structure described
previously. The majority of the 32 mathemat-
ics topics that A+ countries teach at some
point in Grades 1 through 8 are likely to be
taught to American students repeatedly
throughout elementary and middle school.” /%

§ fact, the average duration of a topic in state standards
i is almost 6 years. This is twice as long as for the A+
i countries.

i This long duration means that U.S. states

include many more topics at each grade than
do A+ countries. That, in turn, means each
topic is addressed in less depth. In general,
the state standards increase the duration of a
typical topic by introducing it at an earlier

i grade. For instance, even more demanding top- :

ics such as geometric transformations, meas-
urement error, three-dimensional geometry,
and functions are introduced as early as first

i grade. In the A+ composite, these same topics

are first covered in middle school.

If coherence means that the internal structure
of the academic discipline is reflected within

6 A methodological note: The majority of states had grade-specific content standards. But several states specify a cluster
of grades in which a topic could be taught, then leave it up to local districts to determine in which grades the topic is
actually taught. For the few states that used a cluster approach, our method assumes that the topic is intended in each i
of the cluster grades. This seems reasonable since some data indicate that districts and textbook publishers tend to use

the clusters in this fashion.

7 'This holds true for each of the states studied—not just for the composite. When we did individual displays of each
state’s standards, we found that most were even more repetitive than the state composite. In addition, none of the
state’s standards were even remotely as coherent as the A+ composite.
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Figure 2

State Composite: Mathematics topics intended at each grade
by at least two-thirds of 21 U.S. states.

TOPIC GRADE:
Whole Number Meaning
Whole Number Operations

Measurement Units

Common Fractions

Equations and Formulas

Data Representation and Analysis

2-D Geometry: Basics

e EOO0O=m m|~

Polygons and Circles

(mEN BE- BN BinRE BE BN BE RES
O/m|m|m|m = mm|m e
O/m|m|m|m = = m|m|
CER AR RN RE AN BN B BE RS
[ BN AR RN BN AR BN Bi=Risgicy
L BN B NN BE Ri=QE |

LR R B BN Rimin |

Perimeter, Area, and Volume

Rounding and Significant Figures

O
|
|
|
|
|

Estimating Computations O

O

Properties of Whole Number Operations O O

Estimating Quantity and Size

oojg|m

Decimal Fractions

O

Relationship of Common and Decimal Fractions [m| O

Properties of Common and Decimal Fractions

O

Percentages O

Proportionality Concepts

Proportionality Problems
2-D Coordinate Geometry O u O
Geometry: Transformations ] ] ] u u

Negative Numbers, Integers, and Their Properties
Number Theory ]

oigO(m|O|m|m|m

Exponents, Roots, and Radicals

Exponents and Orders of Magnitude

m|OOO/=|e|O(m|Om
OOmO0O|m|m|m

Measurement Estimations and Errors O (| u O u

Constructions w/ Straightedge and Compass
3-D Geometry ] n n [ ] | |

Congruence and Similarity |

Rational Numbers and Their Properties

B OO|m

Patterns, Relations, and Functions | | | | | [ ] n

Slope and Trigonometry
Number of topics covered by at least 67% of the states 14 15 18 18 20 25 23 22

Number of additional topics intended by states
to complete a typical curriculum at each grade level 8 8 7 8 8 5 6 6

O intended by 67% of the states
B intended by 83% of the states
B intended by 100% of the states

Note that topics are introduced and sustained in a way that produces no visible structure.
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i and across grades, then clearly these results for
i U.S. states suggest a lack of coherence, even if
i the claim is that these topics are only pre-

i sented initially in an elementary or introduc-

i tory fashion. The U.S. standards, with their

i early introduction and frequent repetition of
topics, appear to be just an arbitrary collection
i of topics. Here are several specific examples of
i this incoherence:

* Prerequisite knowledge doesn’t come
first. For example, properties of whole-
number operations (such as the distributive
property) are intended to be covered in
first grade, the same time that children are
beginning to study basic whole-number

operations. This topic is first typically intro-

duced at Grade 4 (and not earlier than
Grade 3) in the top achieving countries.

* Topics endure endlessly. The A+ com-
posite did not intend for any topic to be
covered at all eight grades, yet 10 topics
were intended for such enduring coverage
in the state composite.

¢ Consensus about when to teach topics
is lacking. The state composite has blank
rows for three fundamental topics—round-
ing and significant figures, the properties of
common and decimal fractions, and slope.
This odd finding reflects the lack of con-
sensus among states as to the appropriate
grade level for these topics. The state stan-
dards all cover rounding and significant fig-
ures, as well as common and decimal
fractions, but these topics cannot be part of
the state composite because at least two-
thirds of the states do not agree on the
proper grade placement for these topics.
"The absence of slope from the state com-
posite reflects both a lack of agreement and
a lack of rigor—most states do not intend
for slope to be covered until high school.

i The longer topic coverage combined with the

absence of the three-tier structure suggest i
that state standards are developed from a laun-
dry-list approach to mathematics that lacks :
any sense of the logic of mathematics as a dis-
cipline. For many of the individual states it {
seems that almost all topics are intended to be
taught to all students at all grades. :

District Standards

Arguably, teachers pay more attention to dis-

trict standards than to state standards. Are
they substantially different? It doesn’t appear
so. We have done dozens of analyses of dis-
trict standards from across the U.S. In this
article, we present a composite of district-
level standards from one selected state.®
Looking at this composite (Figure 3), it is
clear that the districts’ standards tend to
include slightly fewer topics than are speci-
fied in state standards. But, like the states, H
the districts still specify many more topics per |

grade than do the A+ countries. Furthermore,

the district data, like the state data, indicate a

great deal of repetition of the topics across
i grades. Five of the 10 topics intended for cov-

erage in all eight grades in the state compos-
ite are similarly intended for such coverage in
the district composite; an additional three of
the topics are intended for coverage in seven
of the eight grades. Overall, then, we can sece
that the districts’ standards are nearly as inco-
herent as the states’ standards.

One can assume that given the broad scope of
these standards, teachers are forced to cut H
back from what’s intended in state and district

© standards. It’s not likely that many can distill a i

coherent curriculum from the incoherence :
that’s offered them. Further, teachers are likely |
to prune back the state/local standards in dif-
ferent, idiosyncratic ways. This is what leads

to the well-known American phenomenon—

and special bane of transient students—in

i 8 This state volunteered for the district analysis, however the results presented here are consonant with the results from :

our other district studies.
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District GComposite: Mathematics topics intended at each grade

Figure 3

by at least two-thirds of 50 districts in one state.

TOPIC GRADE:

Whole Number Meaning

Whole Number Operations

Measurement Units

1
u
u
u

Common Fractions

Equations and Formulas
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Data Representation and Analysis

2-D Geometry: Basics

Polygons and Circles
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Rounding and Significant Figures

Estimating Computations
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O

Properties of Whole Number Operations

Estimating Quantity and Size

Decimal Fractions

Relationship of Common and Decimal Fractions

O

Properties of Common and Decimal Fractions

Percentages

Proportionality Concepts

Proportionality Problems

2-D Coordinate Geometry

Ooogjm

Geometry: Transformations

Negative Numbers, Integers, and Their Properties

Number Theory

Exponents, Roots, and Radicals

Exponents and Orders of Magnitude

Measurement Estimations and Errors
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Constructions w/ Straightedge and Compass

3-D Geometry

Congruence and Similarity

Rational Numbers and Their Properties

Patterns, Relations, and Functions

OO m

| mOm

Slope and Trigonometry

Number of topics covered by at least
67% of the districts

13

16

15

16

18

Number of additional topics intended by districts to
complete a typical curriculum at each grade level

9

O intended by 67% of the districts
B intended by 83% of the districts
B intended by 100% of the districts

Note that the structure of the district composite is very similar to that of the state composite—and likewise, lacks a

visible structure.
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i which what’s actually taught in a given grade
i varies wildly from class to class, even in the
i same school, district, or state.

i It goes without saying that under these circum-

i stances, a serious investment in curriculum-

i based professional development is not feasible;
i nor is it really feasible to align preservice edu-

i cation or texts to a nonexistent curriculum.

i Any statewide assessment must choose

i between asking vague or low-level questions—
or risk asking specific questions about particu-

i lar content that teachers haven’t taught.

Overall, Figures 2 and 3, representing compos-
i ites of state and district standards, suggest
that in America we tend to treat mathematics
i as an arbitrary collection of topics. There is no
i visible sense making or structure. The math—
for both students and teachers—Ilooks and

i feels like a bunch of disconnected topics

i rather than a continuing development of the

i main concepts of mathematics that fit
together in a structured, disciplinary way.

{ To complete this picture of the intended
American math curriculum, we must take note
i of the especially huge curricular variation that
! becomes visible in the eighth grade, when

i most schools offer a variety of math courses,
each with different content and rigor. In our

! study of eighth-grade math courses offered in
American schools, we learned that eighth

i graders tend to be enrolled in any of about six
i different types of mathematics courses, rang-

i ing from remedial math focused on arithmetic,
i to pre-algebra, algebra, and even geometry.’

i Not surprisingly, student achievement at the

i end of eighth grade roughly corresponded to
the courses students had taken. In short, a

i student’s achievement corresponded substan-
i tially to his or her opportunity to be exposed

i to more or less rigorous material.

It is probably no surprise to report another
finding: that a student’s opportunity to study
in a higher-level math course was related to his :
or her geographic location. We determined
that while 80% of eighth graders had access to
a “regular” math course, only 66.5% of eighth

i graders attend schools that even offered an

algebra course. That is, a full third of eighth

i graders don’t even have such a course as an

option. In rural and urban settings, 60% of stu- :
dents attended schools that offered algebra
and other more challenging classes. In subur-
ban and mid-sized cities, 80% of students
attended schools with such classes.

As with the farming ideas available from

states and towns in Country B, it’s not a great
loss that the various state and district stan-
dards are so difficult to implement consis-
tently, as they are of questionable quality.
Like the farmers in Country B, American H
teachers often don’t have the tools (textbooks
or classroom materials) or training to make :
use of any wisdom they might be able to cull
from the standards anyway. But without the
benefit of the distilled national wisdom about
mathematics education or the tools and train- i
ing to go with it, American teachers are at a

great disadvantage. Some get a hold of excel-

lent curricula; some have a knack—coupled

with a lot of blood and sweat—for figuring

out how to teach even the most challenging
students fairly well. The most effective and

i most affluent school districts can attract a

disproportionate share of the most well-pre-
pared teachers; plus, many of these districts
provide reasonable materials and training to
their faculty.

Yet most teachers, especially those working in

the poorest school districts and poorest
schools, cannot turn to their districts or states
for much help. For most teachers, it’s an ongo-
ing, consuming challenge to dream up a basic

9 Cogan, L. S., Schmidt, W. H., & Wiley, D. E. (2001). Who takes what math in which track? Using TIMSS to character-
i ize U.S. students’ eighth-grade mathematics learning opportunities. Educational Evaluation and Policy Analysis, 23(4),

323-341.
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i curriculum and the daily lesson plans to exe-
cute it. Not many teachers have the additional
time or resources to go beyond that to devise
special, unique ways of reaching the kids in
the class (or, in secondary school, in a number
of classes) who aren’t catching on for a wide
variety of different reasons.

This lack of curriculum, materials, and training

produces the same results for American stu-
dents as Country B’s policy produced for its
crops. Curriculum really matters. Schools are
supposed to provide opportunities for students
to acquire the knowledge that society deems
important, and structuring those learning
opportunities is essential if the material is to
be covered in a meaningful way. The particular
topics that are presented at each grade level,
the sequence in which those topics are pre-
sented, and the depth into which the teacher
goes are all critical decisions surrounding the
curriculum that have major implications for
what children learn.

IV. The U.S. Result: Lower
Achievement and Less Equity

Based on our findings of curriculum differ-
ences between A+ countries and the U.S., we
can say that our students and teachers are
severely hampered—both by the inadequacy
of the curriculum in this country and by the
loss of the benefits that can flow from making
a quality curriculum common.

We saw at the beginning of this article that
the average achievement in the U.S. is low in
comparison to many other countries. Moreover,
the gap in students’ achievement between our
most- and least-advantaged schools is much
greater than the comparable gap in most
TIMSS countries. In fact, a recent study con-
ducted by researchers at Boston College
demonstrated that in the U.S. about 40% of

the variation among schools in students’ test
scores is explained by socioeconomic factors.
In comparison, across all of the TIMSS coun-
tries, socioeconomic factors explain less than
20% of this type of variation."

We believe that America’s poor average

achievement, as well as our strong link
between achievement and SES, can be traced
in part to our lack of a common, coherent cur-
riculum. The A+ countries have a common
curriculum for virtually all students through
the eighth grade. In those countries, all
schools have roughly comparable access to the
full array of materials, professional develop-
ment, and assessments that can help teachers
lead students to high achievement.

Further, students’ opportunities to learn are
enhanced by the benefits that accompany a
common curriculum: Teachers can work

together with a shared language and shared

i goals, new teachers can receive clear guidance

on what to teach, professional development
may be anchored in the curriculum that teach-
ers teach, textbooks may be more focused and

go into greater depth with a smaller set of top-

ics, and transient students (and teachers) may
more easily adapt to new schools. All of this
contributes to greater consistency and quality
across schools.

i We intend to conduct additional studies to

further test the veracity of these arguments.
But we would argue strongly that the weight
of the evidence—and the high stakes, which
include reducing the achievement gap and
raising average achievement—should dissuade
us from waiting around for more evidence
before acting.

¢ As we said at the outset, the practices of

other nations can rarely be imported whole
cloth. Institutions and cultures differ too

10 Martin, M. O., Mullis, 1., Gregory, K. D., Hoyle, C., & Shen, C. (2000). Effective schools in science and mathematics, IEA’s third
international mathematics and science study. Chestnut Hill, MA: International Study Center, Lynch School of Education, :
Boston College. i
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i much. But we can learn from other nations
and find ways to adapt to our own use those
practices that seem particularly effective. In
all likelihood, we won’t adopt—certainly not
in the near term—a national curriculum like
the A+ countries have—after all, most of the
A+ countries are small (though the largest is
almost half our size).

But similar benefits could flow from adaptive
arrangements that provide a common, coher-
ent, rigorous curriculum to large groups of our
students, such as adopting curriculum at the
state level, or facilitating groups of states in
adopting a common curriculum.

One way or another, we should be moving on a
variety of fronts to bring about a more com-
mon, coherent curriculum and to let the bene-
fits of that flow to our schools, our teachers,
and especially our students—who deserve no
less than the quality of education experienced
by children in the A+ countries.

Appendix: Methodology
Development of the A+ Composite

"To identify the top achieving (A+) countries
in mathematics, we rank ordered countries
from highest to lowest using their eighth-
grade score. We then compared each country’s
score with every other country’s score to
determine which ones were statistically signif-
icantly different. The following countries,
which statistically outperformed at least 35
other countries, became the A+ countries:
Singapore, Korea, Japan, Hong Kong, Belgium
(Flemish-speaking), and the Czech Republic.*
"To analyze the A+ countries’ intended con-
tent, a procedure called General Topic Trace
Mapping (GT'TM) was used. Education offi-
cials were given extensive lists of topics in
mathematics and asked to use their national
curriculum to indicate for each grade level
whether or not a topic was supposed to be cov-
ered. The result was a map reflecting the

i grade-level coverage of each topic for each
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country. Although none of the countries’ maps
were identical, the A+ countries’ maps all
bore strong similarities.

The A+ countries’ topic maps were synthe-
sized to develop a composite of the topics
intended by at least two-thirds of the A+ coun-
tries (see Figure 1). The synthesis was done in
three steps. First, we determined the A+ coun-
tries” average number of intended topics at each |
grade level. Second, we ordered the topics at :
each grade level based on the percentage of the
A+ countries that included a particular topic in
their curriculum. For example, since all of the
countries included the topic “whole number
meaning” in the first grade, that topic was
placed at the top of the list for first grade.
Third, we used the information from steps one
and two to develop the A+ composite. At each
grade, the composite was to include no more
than the average number of intended topics.
The composite was also to include only topics
that were intended by at least two-thirds of the
A+ countries. Therefore, the topics intended
by the greatest percentage of countries were
selected for the composite first, and only as
many were chosen as were indicated by the
mean number of intended topics at each grade
level. Therefore, the topics in the A+ compos-
ite constitute the “core curriculum.” In addi-
tion to these core topics, each country taught
additional topics. The number of additional
topics beyond the core that are intended at
each grade level can be seen in the number
found in the last row in Figure 1.

Development of the U.S. Content Standards

The data on U.S. content standards in mathe-
matics were collected from two sources: a sam-
ple of 21 states’ standards and a sample of 50 :
districts’ standards. These data indicated top-
ics intended for instruction at each grade level
through eighth grade.

Because the U.S. has so many sets of stan-

dards, using the General Topic Trace Mapping
procedure would have been very difficult.
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i Instead of using education officials’ judgments
about intended content, coders (graduate stu-
dents with degrees in mathematics, engineer-
ing, and the various sciences) compared the
actual standards documents referenced above
to the same extensive list of mathematics top-
ics that was used for the GTTM. More com-
plex standards were identified with more than
one topic as appropriate. Once the standards
were coded by topic, state and district com-
posites were developed in the same manner as
the A+ composite.

*  Valverde, G. A., & Schmidt, W. H. (2000). Greater
expectations: Learning from other nations in the quest
for ‘world-class standards’ in U.S. school mathematics
and science. Journal of Curriculum Studies, 32(5),
651-687.
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