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Abstract

This article presents a historical review of mathematics education since the late 1950s in the United States. Three themes are used to
organize the literature reviewed in the article: (a) broad sociopolitical forces, particularly highly publicized educational policy statements;
(b) trends in mathematics research; and (c) theories of learning and instruction. At times, these themes coincide, as was the case in the
1990s. In other cases, such as the recent push for educational accountability, these themes conflict. Nonetheless, the themes go a long way
to explain the serpentine nature of reform in the United States over the last 45 years. This article also attempts to account for develop-
ments in special education as well as general education research, something that does not appear in most historical presentations of
mathematics education.

There are many ways to describe
the current state of mathematics
education in the United States. It

would be tempting simply to recount
the success of math reform over the last
10 years. After all, the National Coun-
cil of Teachers of Mathematics (NCTM)
standards (1989, 2000) have been the
centerpiece of mathematics education
in the United States for more than a
decade, and their influence has been
apparent in the growth in reform-
based research, curricula, and methods
of assessment. Added to that, the
NCTM standards have moved all but
one state in the country to adopt new
content or curriculum standards in
mathematics as of 2001.

Yet the actual nature of mathematics
instruction in U.S. classrooms, particu-
larly special education settings, is more
complicated. Highly traditional ap-
proaches exist alongside instruction
that matches the intentions of the
NCTM standards and associated re-
form efforts. There is also a resilient
body of critics who, from time to time,
cast doubt on the systematic efforts to
reform mathematics. In fact, the role
that basic skills advocates have played

in the debate about best practice in U.S.
classrooms is one of the more interest-
ing dimensions of what may best be
described as a 50-year, serpentine path
toward reform.

To elucidate the tensions in current
mathematics education and to provide
a deeper context for an international
audience, this article will offer a his-
torical treatment of mathematics edu-
cation in the United States. There are a
few excellent historical reviews (Kil-
patrick, 1992; NCTM, 1970), but only
rarely is special education research
part of the presentation. One exception
is Rivera’s (1997) thoughtful discus-
sion of general and special education
research in mathematics.

This article will make explicit three
themes in mathematics education since
the 1950s:

1. broad sociopolitical forces, particu-
larly highly publicized educational
policy statements;

2. trends in mathematics research; and
3. theories of learning and instruc-

tion.

At times, these themes coincide, and
there is somewhat uniform agreement

about what reform needs to occur in
U.S. classrooms. On other occasions,
there is conflict, leading to contradic-
tory messages about the kind of math-
ematics that should be taught in U.S.
classrooms.

One final preliminary note is in
order. The thematic structure of this ar-
ticle required a selective presentation
of research. Unfortunately, many im-
portant contributions by general and
special education math researchers
were not included. The absence of their
work in this article should not connote
that their efforts are marginal to what
we know about mathematics education
today. On the contrary, their research,
which may be either quantitative or
qualitative in nature, has enriched our
understanding of teaching and student
learning in mathematics.

The 1950s and 1960s

Excellence in Education: 
The New Math

Kilpatrick (1992) called the 1950s and
1960s the golden age in the field of
mathematics education because of the
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extensive federal funding for research
and training in mathematics. A num-
ber of forces shaped this era, the most
well known being the importance of
mathematics to the development of
atomic weapons in the 1940s and the
Soviet launch of Sputnik in 1957. The
United States responded through a
surge in federal funds to produce more
scholars, teacher educators, and highly
prepared mathematics teachers who
would help the United States compete
internationally. Steelman’s (1947) pres-
idential report, Manpower for Research,
articulated the need for successful sec-
ondary school mathematics programs
that would eventually increase the
number of engineers and other highly
technically prepared workers needed
for a more scientifically oriented soci-
ety. This report was indicative of the
kind of high-profile policy documents
that would appear over the next 50
years, exhorting education to produce
more technically literate workers for
an evolving economy.

Colleges and universities at the time
were equally concerned about the low
level of mathematics knowledge im-
parted by the K–12 education system.
Many professors felt that entering stu-
dents lacked an adequate computa-
tional and conceptual understanding
of mathematics as well as the ability to
apply this knowledge to other disci-
plines. Moreover, university educators
were concerned about declining enroll-
ments in their math courses. All of this
suggested that the K–12 mathematics
curriculum at the time was signifi-
cantly out of date (Jones & Coxford,
1970; Kilpatrick, 1992). The general con-
cern with low achievement in mathe-
matics throughout the K–12 and colle-
giate systems, then, was one of the
driving forces behind a push toward
excellence in education (Lagemann,
2000).

One consequence of the excellence
movement was a number of federally
funded, university-based curriculum re-
form projects. Large-scale curriculum
development projects such as the Uni-
versity of Illinois Committee on School
Mathematics, University of Illinois

Arithmetic Project, and the School
Mathematics Study Group were but a
few examples of government-funded
reform efforts of the time.

The new math curricula of the late
1950s and 1960s are perhaps best re-
membered for their emphasis on in-
struction in abstract mathematical con-
cepts at the elementary grades. These
materials stressed topics such as set
theory, operations and place value
through different base systems (e.g.,
Base 5 addition, Base 3 subtraction),
and alternative algorithms for division
and operations on fractions. The new
math was an attempt to introduce a
formal understanding of mathematical
principles and concepts from the early
grades onward. Central ideas such as
structure, proof, generalization, and
abstraction were at the core of this re-
form (Jones & Coxford, 1970). A good
example of the abstract nature of the
mathematics can be found in several
textbooks of the time (e.g., Rappaport,
1966; Riedesel, 1967), as shown in Fig-
ure 1.

Mathematicians like Max Beberman
at the University of Illinois became
central to the new math movement. In
Beberman’s view, the goal of mathe-
matics education was understanding
and not simply the manipulation of
symbols. Beberman stressed the im-
portance of a precise vocabulary and
the value of discovery learning. Given
the right instructional materials, stu-
dents should make observations and
discover patterns, all of which would
enhance transfer in learning (Lage-
mann, 2000).

The interest in discovery learning
played out at a psychological level,
where an array of educators were in-
tent on escaping the 3 decades of Thorn-
dike’s connectionist theory and the
more recent advent of Skinner’s oper-
ant conditioning. As Rappaport (1966)
lamented, behaviorist approaches led
to an atomization of knowledge, in
which teachers controlled each step 
in the learning process. Behaviorism
placed a premium on the efficient de-
velopment of bonds through rote prac-
tice and memorization.

Rappaport (1966) and others favored
gestalt psychology as a framework for
helping students understand mathe-
matics. Through gestalt principles, in-
struction could be organized around
part–whole relationships and the con-
tinual reorganization of knowledge.
Insight was also a key feature of learn-
ing, and this could be sponsored by
activities that allowed students to ana-
lyze situations for patterns or struc-
ture. If a child were led to discover fun-
damental mathematical relationships,
the kind of drill and practice advo-
cated by connectionist psychology
would be unnecessary. Moreover, stu-
dents would be in a much better posi-
tion to understand and explain why
rather than merely tell what.

Yet discovery learning was much
more than simply putting children 
in front of manipulatives and having
them figure out solutions. In this re-
gard, the choice of the term discovery
was an unfortunate choice of words.
Riedesel (1967), for example, described
an environment where teachers care-
fully guided learning in a way that was
analogous to the current literature on
scaffolded instruction. Once students
were introduced to the problem, it was
the teacher’s job to move about the
room and check for understanding.
Students who were succeeding at the
task were encouraged to make dia-
grams or write explanations that might
help students who were having diffi-
culties with the problem. For those
who were struggling, the teacher was
to prompt thinking with mathemati-
cally relevant questions (e.g., “Could
you use a diagram to solve this prob-
lem?”). There was considerable em-
phasis in Riedesel’s vision of discovery
learning on small-group and classwide
discussions. Moreover, it was apparent
from his descriptions that teachers
needed to possess a high level of ped-
agogical content knowledge. Not only

FIGURE 1. New math and fractions.
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did teachers have to understand the
formal nature of the mathematics, but
they needed to be able to ask the right
question at the right time. Grossnickle
and Brueckner (1963), authors of a
widely used text at the time, presented
a similar account of mathematics
lessons.

Equally influential at the time were
Piaget’s theories of child development
and Bruner’s early work in educa-
tional psychology. Although Bruner’s
main curricular work was in social
studies, he used a number of mathe-
matical examples in his seminal book,
Toward a Theory of Instruction (Bruner,
1966), to help convey a vision of in-
struction where students explored con-
trasts, developed conjectures and hy-
potheses, and played structured games.
His emphasis on carefully guided in-
formed guessing and conjecture also
came to be associated with the concept
of discovery learning. However, Bru-
ner was careful in noting that this
method would be far too time con-
suming given all that a student needed
to learn in a discipline like mathemat-
ics (Jones & Coxford, 1970). As Bruner
(1966) commented, one of the key pur-
poses of discovery learning was to give
students confidence in their own abil-
ity to generate useful questions and
hypotheses. Too much instruction, par-
ticularly under the influence of behav-
iorism, had come to mean that stu-
dents simply memorized what the
teacher directed them to learn.

Slow Learners

Learning disabilities (LD) in mathe-
matics were a nascent concept at this
time. Definitions of LD in the 1960s ac-
knowledged arithmetic disorders, but
remediation was generally part of a set
of older perceptual–motor techniques
or emerging diagnostic–prescriptive
approaches. These methods applied to
a wide range of academic difficulties,
not to mathematics specifically. Once
students were diagnosed by a clinician
to determine a specific deficit or set of
deficits, remediation techniques could
range from visual–motor perceptual

training to task analysis (Haring &
Bateman, 1977).

Glennon and Wilson (1972) offered an
unusually rich account of diagnostic–
prescriptive methods in mathematics
for this period of time, although it was
applicable to the slow learner more
than to students with LD per se. Glen-
non and Wilson were skeptical of Bru-
ner’s (1966) discovery methods because
they did not help teachers select topics
that should be taught to learners who,
by definition, could not learn the same
amount of content as the rest of the stu-
dents in the classroom. They suggested
that in addition to verbal and symbolic
modes of instruction, teachers make
use of manipulatives, pictorial repre-
sentations, and conceivably, the stu-
dent’s cultural or ethnic background.
In an effort to target instruction as
specifically as possible, Glennon and
Wilson drew on Bloom’s (1956) taxon-
omy and the work of Gagné (1970) as a
way of identifying appropriate teach-
ing methods and student outcomes. Fi-
nally, they were wary of instructional
methods that simply repeated mechan-
ical associations such as invert and
multiply when learning how to divide
fractions. They adopted the position
that for slow learners, one needs to
carefully target instructional objects,
because the amount of material to be
mastered over time will be less than
that for more capable students.

The 1970s and 1980s

Equity and Excellence 
in Education

The new math of the 1960s foundered
for a number of reasons, not the least of
which was the abstract nature of the re-
form mathematics at the elementary
school level. The lack of broad-based
professional development for K–12
teachers also played a role in its de-
mise. Teachers faced a situation where
they needed to reconceptualize their
own understanding of mathematics.
This resulted in many instances where
the implementation of the new curric-
ula failed (Moon, 1986). Another in-

strumental factor was the back-to-
basics movement of the 1970s, which
drove schools to place greater empha-
sis on reading, writing, and arithmetic.
Educators re-envisioned teachers as
the dominant figure in classroom in-
struction, and “frills” such as art, social
services, and sex education were re-
considered as parts of the curriculum.
Business leaders also complained that
high school graduates were ill pre-
pared for employment, and many in
the inner city complained that their
children had been ignored and lacked
basic skills (Brodinsky, 1977).

The National Institute of Education,
which was established in 1972 to gen-
erate improved educational research
and development, sponsored one of
the more influential studies of mathe-
matics education at the time. The Mis-
souri Mathematics Effectiveness Proj-
ect (Good, Grouws, & Ebmeier, 1983)
began in the 1970s as an effort to
describe the relationship between
classroom teaching, or processes, and
student achievement outcomes, or
products. This process–product research
exemplified the efforts by educators to
refine their understanding of basic
skills instruction at the elementary
school level, moving it from descrip-
tive to experimental research. Good 
et al. underscored the importance of
discerning critical teaching behaviors
within a subject matter as they directly
related to improved performance on
standardized tests. The use of stan-
dardized tests as a core dependent
measure became politically important
to educational research during the
1970s and 1980s, as these tests became
a significant index by which districts
and states evaluated the quality of
their schools. Good et al. acknowl-
edged the significant limitations of
standardized tests but nonetheless felt
that they were a reasonable and effi-
cient way to measure student learning.

Good et al.’s (1983) active teaching
model rendered a picture of effective
math teachers who had good manage-
ment skills, generally taught to the
whole class, and kept a brisk pace
throughout the period. Classroom
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questions were typically product ori-
ented (i.e., low-level questions that
yielded a correct answer) and offered
process feedback (i.e., how to derive
the answer) when students’ answers
were incorrect. Student feedback was
generally immediate and nonevalua-
tive. The active teaching model came
to be associated with a highly formu-
laic style of teaching. Teachers began
with a brief daily review (8 minutes),
followed by the development portion
of the lesson (20 minutes), indepen-
dent seatwork (15 minutes), and a
homework assignment. As one might
suspect, the most variable and chal-
lenging component for teachers was in
the development portion of the lesson,
where they were to focus on the mean-
ing of the mathematics through lively
demonstrations, process explanations,
and controlled or guided practice.
Those teachers proficient at develop-
ment could effectively explain why al-
gorithms worked and how some skills
were interrelated. It was thought that
these methods would have been opti-
mal for teaching a wide range of aca-
demic abilities in the classroom.

Federal educational policy and
funded research projects also attended
more to the significant disparities be-
tween children living in poverty, who
were largely African American, and
children of higher socioeconomic
classes. The Johnson administration’s
war on poverty was instrumental in
creating initiatives that would demon-
strate a significant commitment to
educational equity. This commitment ac-
celerated with federal legislation au-
thorizing an array of services and legal
protections for students with disabili-
ties under the Educational of All
Handicapped Children Act of 1975. If
anything, this law characterized an
American penchant for attending to in-
dividual differences in educational set-
tings.

Large-Scale Research in 
Basic Skills 

One of the largest federally funded
studies of early education, Project Fol-

low Through, attempted to determine
the most effective methods for teach-
ing basic skills to primary-grade
students in economically disadvan-
taged settings through a large quasi-
experimental study. Mathematics was
one of the core areas of instruction, 
and an analysis of competing models
deemed the direct instruction method
to be the most effective means of teach-
ing disadvantaged students, at least in
terms of performance on standardized
tests like the Wide Range Achievement
Test and the Metropolitan Achievement
Test (Abt Associates, 1977). Even
though these were exceedingly limited
measures of mathematical compe-
tence, they were useful as a way of
broadly measuring basic skills at the
primary grade levels.

Direct instruction extended the ac-
tive teaching model by adding a sig-
nificant curricular component. Teach-
ers and even instructional aides taught
small groups using materials that pre-
scribed exactly what teachers were to
say. This was a significant instructional
decision because it placed the burden
of Good et al.’s (1983) development
phase of the lesson on a static curricu-
lum. Teachers and paraprofessionals
had few liberties to expand on the con-
tent of a lesson, because the program’s
daily scripts heavily prescribed what
they were to do at each step.

The arithmetic instruction focused
on a careful progression of basic skills
that were taught in an explicit, step-by-
step manner. Behavioral theory pro-
vided the framework for the mastery-
oriented curriculum and its teaching
practices (W. Becker, Engelmann, &
Thomas, 1975a, 1975b). For example,
first-grade students were taught re-
grouping in addition through a care-
fully controlled progression of steps,
beginning with small, nonregrouping
problems and moving toward increas-
ingly more complex ones. Prompts
were used to signal students when and
where to regroup. These prompts were
eventually faded in subsequent lessons.
Arguably, the nature of this arithmetic
and the way it was taught was pre-
cisely the kind of telling what approach

that many in the new math were re-
belling against in the previous era.

Naturally, those who were inti-
mately involved with the direct in-
struction model viewed the Project
Follow Through evaluation findings 
as definitive evidence that the model
provided a superior method for teach-
ing subjects like arithmetic to low-
achieving students (W. Becker, 1977;
Carnine, 2000; Gersten, Baker, Pugach,
Scanlon, & Chard, 2001; Gersten & Car-
nine, 1984). 

However, the entire study has long
been subject to a range of criticisms, in-
cluding the ad hoc way in which the
study was designed, its choice of de-
pendent measures (House, Glass, Mc-
Lean, & Walker, 1978), and the con-
founding of key intervention variables
(Lagemann, 2000). Cohen (1970) sum-
marized the problem with studies like
Project Follow Through as one where
our decentralized educational struc-
ture overwhelmed the kind of controls
necessary for successful, planned ex-
perimentation. More generally, math
educators found these kinds of large-
scale statistical studies to be contra-
dictory and deficient in the way they
measured the thinking processes os-
tensibly being assessed by the depen-
dent measures (Schoenfeld, 1987). None-
theless, the Project Follow Through
evaluation and its behavioral frame-
work laid the foundation for subse-
quent research in mathematics involv-
ing students with LD.

Cognitive Science as a 
New Framework 

In contrast to the large-scale experi-
mental research being conducted in the
schools, an increasing number of edu-
cators and researchers turned to cogni-
tive science as a framework for con-
trolled mathematical investigations.
Information processing theory was in
its ascendancy during the 1970s and
1980s, and computers were appealing
tools for modeling human thought pro-
cesses. Cognitive scientists used com-
puter simulations, in-depth qualitative
studies, and small-scale experimental
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studies to investigate the processes be-
hind mathematical understanding.
Brown and Burton’s (1978) attempts at
using artificial intelligence programs
to examine student misconceptions in
subtraction and Riley, Greeno, and
Heller’s (1983) computer programs for
analyzing and solving word problems
were early efforts in the cognitive sci-
ence movement in mathematics during
this era.

By the 1980s, problem solving had
become a central theme in mathemat-
ics education, and researchers like Sil-
ver (1987) hypothesized ways in which
information processing theory could
explain competent, if not expert prob-
lem solving. Of particular interest were
the organization of information in
long-term memory, the role of visual
images in enhancing understanding,
and the importance of metacognition
in the problem-solving process.

Skemp’s (1987) highly influential
book, The Psychology of Learning Mathe-
matics, underscored the importance of
knowledge organization and the role
of conceptual understanding in well-
developed schema. Skemp expressed
the same concern as math educators
from the 1950s and 1960s about the role
of behaviorism in classroom instruc-
tion and the extent to which students
performed mathematics with little or
no understanding. For this reason,
Skemp emphasized reflective intelli-
gence in mathematical understanding,
or what was more generally called
metacognition. Skemp’s book was a re-
minder that not only had the forces
behind the new math movement con-
tinued value in the math research com-
munity, but the movement itself was
international in scope (see Moon,
1986).

By the mid-1980s, cognitive research
was the dominant framework in math-
ematics education. Cognitive scientists
(Marr, 1982; Paivio, 1986) attempted to
articulate the fundamental role of
visual imagery as a representational
form of memory and, more specifically,
as an aide to mathematical under-
standing (see Janvier, 1987). In addi-
tion to the continued work in meta-

cognition and problem solving (e.g.,
Schoenfeld, 1985), researchers focused
increasingly on the implication of in-
formation processing theory for teach-
ing mathematic topics. Of specific in-
terest was the relationship between
conceptual and procedural under-
standing. For example, Hiebert and his
colleagues (Hiebert, 1986; Hiebert &
Behr, 1988) edited two influential
books that described the importance of
conceptual understanding in topics
ranging from addition to decimals.

The late 1970s and 1980s were also
the period when information process-
ing theory was applied to the emer-
gence of mathematical understanding
in preschool children. Unlike behavior-
ist accounts of learning, which focused
almost exclusively on what was for-
mally taught in schools, researchers
(Baroody, 1987; Fuson, 1988; Gelman &
Gallistel, 1978; Ginsburg, 1977; Siegler,
1978) documented the natural devel-
opment of informal mathematical un-
derstanding in children. This body of
work played a key role in the reform
efforts of the 1990s, in which mathe-
matics curriculum developers created
materials for primary-grade students
that attempted to link an informal 
with a formal understanding of mathe-
matics.

By the end of the 1980s, a number of
cognitively oriented math researchers
were moving in the direction of con-
structivist theory. It is worth noting
that the constructivist perspective was
apparent in the research that was at the
foundation of information processing
theory. Anderson’s (1983) widely cited
ACT theory not only called into ques-
tion the central premises of behaviorist
theory, but presaged specific tenets of
constructivism:

One of the fundamental assumptions of
cognitive learning psychology is that
new knowledge is in large part “con-
structed by” the learner. . . . It means that
mathematical knowledge—both the pro-
cedural knowledge of how to carry out
mathematical manipulations and the
conceptual knowledge of mathematical
concepts and relationships—is always at
least partly “invented” by each individ-

ual learner. (Anderson, cited in Silver,
1987, p. 53)

The efforts by cognitive researchers
to re-emphasize meaning and the role
of conceptual understanding in math-
ematics coincided with broader educa-
tional policy statements published in
the 1980s. A Nation at Risk (National
Commission on Excellence in Educa-
tion, 1983), one of the most important
documents of the last quarter of the
20th century in the United States,
stressed excellence in education and,
ironically, was critical of the back-to-
basics movement that was well under
way in the country. Several important
policy statements for mathematics ed-
ucation surfaced, beginning with An
Agenda for Action (NCTM, 1980), and
culminating in the Curriculum and
Evaluation Standards (NCTM, 1989) and
Everybody Counts (National Research
Council, 1989). The combined effect of
these policy statements was to reinvig-
orate the mathematics reform that re-
emerged in the 1990s. However, for
students with LD, reform efforts were
slower to emerge.

Mathematics Interventions for
Students with LD

Attention to mathematics instruction
for students with LD in the 1970s and
1980s paled in comparison to the scope
of the research just described. More-
over, mathematics was generally seen
as a context for investigating LD and as
a way of employing generalized inter-
ventions. Researchers were generally
much more interested in the applica-
tion of strategy instruction, direct in-
struction, or curriculum-based mea-
surement as a generalized intervention
framework for students with LD than
in a detailed analysis of mathematical
topics.

Behaviorism persisted as a salient
theoretical framework for research and
as the basis for mathematics instruc-
tion. For example, Sugai and Smith
(1986) used a multiple baseline design
to validate a demonstration plus mod-
eling technique for teaching subtrac-
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tion to students with LD. Cybriwsky
and Schuster (1990) used controlled
time delay procedures (i.e., a specified
period of time between the presenta-
tion of a multiplication fact and an in-
structional prompt) for teaching multi-
plication facts to an elementary-age
student.

Building on the curricular work
from Project Follow Through, direct
instruction researchers conducted a
number of studies involving one-step
word problems for basic operations
(Darch, Carnine, & Gersten, 1984; Glea-
son, 1985; Gleason, Carnine, & Boriero,
1990; Wilson & Sindelar, 1991). Stu-
dents were taught a keyword strategy
that enabled them to discriminate mul-
tiplication and division from addition
and subtraction word problems. Once
students found keywords such as each
and every, they were taught to look for
the “big number” as a way to deter-
mine whether next to divide or multi-
ply.

Direct instruction curriculum devel-
opers also attempted to translate and
extend their earlier work in arithmetic
into different technology-based media.
Videodisc technology was particularly
appealing because it offered sufficient
storage capacity to enable a compre-
hensive approach to classroom instruc-
tion. Teachers could play entire lessons
to a classroom of students using just
one television monitor and videodisc
player. Developers felt that this kind of
technology would make classroom in-
struction more reliable because the ma-

terials programmed into the videodisc
would present what Good et al. (1983)
described as the development portion
of the lesson.

Research in fractions (B. Kelly, Ger-
sten, & Carnine, 1990) and ratios (Moore
& Carnine, 1989) employed contrasts
between technology-based presenta-
tions of these topics and presentations
that represented traditional textbook
approaches. In both instances, there
was a heavy emphasis on algorithmic
proficiency. Furthermore, the ratios
study attempted to demonstrate the ef-
ficiency of a hierarchical task analysis
of fractions and ratios (see Carnine, Ji-
tendra, & Silbert, 1997, for an extended
discussion of this analysis). Problems
such as that shown in Figure 2 illus-
trate how pre-skill instruction that
teaches students to convert fractions to
common denominators can be used to
solve the problem once students iden-
tify key numbers and their associated
terms.

As a counterpoint to the behaviorist
perspective, there was a growing inter-
est in the information processing ap-
proaches. Swanson (1987) argued per-
suasively for information processing
as a more comprehensive explanation
of LD. Wong and her colleagues
(Scruggs & Wong, 1990; Wong, 1982)
also made significant contributions in
the area of metacognition.

Much of the work in special educa-
tion at this time focused on mental ad-
dition and the difficulties in learning
math facts (Baroody, 1988; Geary,

Widaman, & Cormier, 1987; Goldman,
Pellegrino, & Metz, 1988; Putnam, de-
Bettencourt, & Leinhardt, 1990; Russell
& Ginsburg, 1984). One of the more
ambitious intervention efforts was
Hasselbring, Goin, and Bransford’s
(1988) program for teaching math facts
at an automatic level. Given the im-
portance of fluency in math facts as de-
clarative knowledge in a wide range of
mathematical tasks, their computer-
based program pretested students on
known facts, built on their existing
knowledge of facts, taught facts in
small instructional sets, used con-
trolled response times to reinforce au-
tomaticity, and provided distributed
practice on known facts as new facts
were being taught.

An emphasis on strategy instruction
in problem solving surfaced at the end
of the 1980s. Goldman’s (1989) com-
parative analysis of interventions for
students with LD emphasized the im-
portance of general and task-specific
strategies as part of instruction. Her
essay was highly critical of behaviorist
methods such as the ones cited earlier
because they did little more than show
students what to do. Nor did these
behaviorist methods enhance transfer
by helping students internalize mean-
ingful strategies that facilitated prob-
lem representation. Instead, Goldman
highlighted emerging work in self-
instruction strategies and mediated
performance. More in-depth contribu-
tions of strategy instruction in word
problem solving appeared in the 1990s.

FIGURE 2. Ratios word problem.

× =hours



JOURNAL OF LEARNING DISABILITIES22

The 1990s

Excellence in Education, Again

The 1989 NCTM standards coincided
with a series of highly visible policy
statements that, in toto, attempted to
reinstill excellence in education. The
NCTM standards came at a time when
the first Bush administration was look-
ing for rigorous content-area standards
that would help push the United States
to become first in the world in math
and science. The Clinton administra-
tion changed the name of America 2000
to Goals 2000 and maintained an empha-
sis on high achievement in mathemat-
ics. The SCANS report (U.S. Depart-
ment of Labor, 1991) and documents
such as America’s Choice: High Skills or
Low Wages! (Commission on the Skills
of the American Workforce, 1990) cap-
tured the country’s anxiety about its
transformation from a postindustrial
to an information economy.

These documents focused on the
need for education to produce knowl-
edge workers who were proficient in the
uses of technology and communica-
tion skills and who possessed high lev-
els of mathematical literacy. It was ev-
ident that computer technology was
reshaping the mathematics that stu-
dents needed to know now and in the
future. At one end of the employment
spectrum, bar code scanners and com-
puterized cash registers reduced the
need for many workers to actually cal-
culate a customer’s purchases or the
change that was owed. For many
workers in the 1990s, the spreadsheet
became an instrumental tool for mod-
eling complex mathematical problems.
Perhaps one of the clearest insights
into the rapid effects that technology
was having on work—and, by exten-
sion, the literacy needed for work in
the future—came from a corporate ex-
ecutive who served on the SCANS
commission.

What startles me about these descrip-
tions [of the increasing number of jobs
that depend on high levels of literacy] is
the realization that they are accurate, but

ten years ago I could not possibly have
imagined them. What concerns me is this
lack of imagination. What will our work-
place look like ten years from today?
(U.S. Department of Labor, 1991, p. 2)

Five years later, an obscure technology
that was later to be called the Internet
rapidly transformed global communi-
cation and commerce.

Another major factor that contrib-
uted to the importance of the 1989
NCTM standards was the disenchant-
ment with standardized tests as a
gauge of student progress. As Linn
(2000) noted in a comprehensive re-
view of assessment trends over the last
20 years, there were multiple problems
with the way standardized tests were
administered and interpreted in the
1980s. Among the many criticisms of
these measures was the way in which
they tended to stress basic skills over
complex understanding, a point that
other assessment experts echoed (e.g.,
Stiggins, 2001). Problems with stan-
dardized tests, coupled with the call
for more rigorous student outcomes,
led to the development in many states
of performance-based assessments and
content-area standards in mathematics
that were taken directly from the 1989
NCTM standards.

A related factor that heightened the
importance of educational excellence
in mathematics was the Third Interna-
tional Mathematics and Science Study
(TIMSS). Schmidt and his colleagues
(Schmidt et al., 1996; Schmidt, Mc-
Knight, Cogan, Jakwerth, & Houang,
1999; Schmidt, McKnight, & Raizen,
1997) issued a series of reports follow-
ing the 1995 TIMSS assessments that
were strongly critical of U.S. mathe-
matics practices. The United States
scored in the middle ranking of 41
countries, only significantly higher
than countries such as Cyprus and
Lithuania. Asian countries and Bel-
gium scored significantly higher than
the United States in their overall per-
formance.

A good deal has been written about
Asian methods for teaching mathemat-
ics (see Stigler & Hiebert, 1999; Wood-

ward & Ono, this issue). In a recent
interview, Schmidt (Math Projects
Journal, 2002) offered a broader assess-
ment of effective mathematical prac-
tices based on curricular and pedagog-
ical analyses of a range of high-scoring
countries. For Schmidt, a core theme
that cut across the most successful
countries was teachers who know
mathematics and who understand
how to communicate concepts. In-
struction is conceptual and not simply
fragmented and algorithmic. The no-
tion that U.S. curricula tend to be “a
mile wide and an inch deep” is the
product of the TIMSS research
(Schmidt et al., 1997, p. 87).

Advances in mathematics research
and education were more significant in
the 1990s than at any point since the
new math era 3 decades earlier. One of
the more striking contributions was
the number of conceptual analyses of
mathematical topics. These analyses
covered elementary (Leinhardt, Put-
nam, & Hattrup, 1992), middle school
(Carpenter, Fennema, & Romberg,
1993), and high school topics (Chazan,
2000). They also complemented the
growing number of reform-based com-
mercial curricula that were adopted by
school districts throughout the United
States during this decade. By the end of
the decade, a number of studies showed
promise for reform-based mathematics
methods and curricula (Cohen & Hill,
2001; Fuson, Carroll, & Drueck, 2000;
McCaffrey et al., 2001; Schoenfeld,
2002).

Mathematics research conducted
within the United States moved from a
cognitive and information processing
framework to a constructivist orienta-
tion. Drawing on philosophical, an-
thropological, and social psychological
perspectives, constructivists attempted
to provide an in-depth picture of how
learning occurs in context. Researchers
drew on Vygotsky (1986) for insights
into group dynamics and the role 
that language played in learning. Lave
(1988) and others (e.g., Brown, Collins,
& Duguid, 1989; Cole, 1996) offered an
anthropological perspective on the link
between thought, culture, and the use
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of tools for communication and prob-
lem solving. Lave (1988) was especially
articulate in her criticisms of tradi-
tional views of learning that promoted
a “tool kit” view of knowledge. For
Lave, the facts, procedures, and con-
cepts taught in school math classes
were not instruments that were merely
pulled from a tool kit and used irre-
spective of context. Transfer was not
that simple, and cultural context was a
major factor in shaping our under-
standing of concepts. The degree to
which culture inhibited the transfer of
learning spawned a number of inter-
esting debates between information
processing theorists and social con-
structivists (e.g., Anderson, Reder, &
Simon, 1996; Hiebert et al., 1996, 1997).

Sociocultural perspectives became
(and remain) the dominant framework
for understanding mathematics learn-
ing and instruction. Making common
mathematical topics (e.g., two-digit
addition problems, negative numbers,
fractions) problematic and treating
them as ill defined were recurrent
themes in the sociocultural literature of
the 1990s, all in an effort to get students
to think mathematically (Ball, 1993;
Carpenter, Fennema, Franke, Levi, &
Empson, 1999; Cobb, Wood, & Yackel,
1993; Hiebert et al., 1997; Hiebert,
Wearne, & Taber, 1991; Lampert, 1990;
Lampert, Rittenhouse, & Crumbaugh,
1996). This perspective has influenced
mathematics instruction for all stu-
dents, including students with LD.

The Challenge to Teach 
All Students

From the beginning, a number of spe-
cial educators were wary of the 1989
NCTM standards and the ambitious
call for more rigorous mathematics as
well as the challenge to develop math-
ematical power in all students. There
was virtually no mention in the NCTM
standards of how the proposed curric-
ular and pedagogical reforms would
affect students with LD, the majority of
whom were or would be receiving
mathematics instruction in general ed-
ucation mathematics classes. At a prac-

tical level, both special and general
educators were concerned about how
these major shifts in curriculum and
teaching methods would occur, given
the limited resources available to enact
them. Consequently, the NCTM stan-
dards were criticized as elitist (Hoff-
meister, 1993), too difficult to imple-
ment (Carnine et al., 1997), devoid of a
research foundation (Carnine, 1992; Car-
nine, Jones, & Dixon, 1994; Kameenui,
Chard, & Carnine, 1996; Stein & Car-
nine, 1999), and representative of
discovery-oriented constructivism (Car-
nine et al., 1994; Mercer, Jordan, &
Miller, 1994).

The response in the special educa-
tion research community to the NCTM
standards and the reform mathematics
of the 1990s was varied. For many spe-
cial educators, the central issue in-
volved systematic skills instruction
and ways in which (if at all) traditional
teaching practices could be aligned
with reform mathematics. Although be-
haviorism had waned as a useful psy-
chological framework for mathematics
instruction, there were occasional ef-
forts to present its relevance to the
needs of students with LD. 

For example, Carnine (1997) de-
scribed a series of examples from the
recently revised math curriculum used
in Project Follow Through in the 1970s.
In addition to a more extensive treat-
ment of the ratios example described
earlier in this article, Carnine showed
how the curriculum that he co-
authored could reduce seven different
formulas for volume (including a
sphere) to variants of Base x height for-
mulas. He argued that students with
LD could achieve a more robust un-
derstanding of the different volume
formulas by focusing their attention on
the base of each object. Unfortunately,
he did not elaborate on how students
would use this knowledge in a broader
context or why the concept of base was
more important than radius in under-
standing the volume of spheres.

In a more ambitious effort to make
direct instruction relevant to research
trends in the 1990s, Gersten and his
colleagues (Baker, Gersten, & Lee,

2002; Gersten & Baker, 1998) proposed
a merger between behaviorism and so-
cial constructivism. They interpreted
Bottge and Hasselbring’s (1993) study
as an important example of how teach-
ers could present highly algorithmic
methods for performing basic opera-
tions on fractions for an extended pe-
riod of time and then shift to construc-
tivist methods for problem solving
once students had mastered the algo-
rithms.

There are a number of problems with
these attempts to link behaviorism to
contemporary mathematics, and this
was apparent in other special educa-
tion literature. First, the kind of hierar-
chical analysis that Carnine (1997) de-
scribed—one that leads to students
solving complex ratio problems—can
lead to a highly constrained level of
understanding. Problems such as the
ones presented in Carnine’s article and
in Figure 2 are what Goldman and her
colleagues (Goldman, Hasselbring, &
the Cognition and Technology Group
at Vanderbilt, 1997) called “end of the
chapter problems” (p. 201). That is,
they represent the kind of practice
problems found in traditional math
texts. For Goldman et al., curricular ma-
terials that are structured so that stu-
dents answer highly predictable word
problems, which are based on asso-
ciated practice in specific algorithms,
yield little in the way of conceptual
understanding or the kind of flexibility
needed to answer other types of prob-
lems. In the case of ratios, for example,
this instruction does little to communi-
cate how ratios apply in geometry
(e.g., the concept of π, scaling figures)
or how one would solve ratio problems
that cannot be solved using the equiv-
alent fractions algorithm shown in Fig-
ure 2.

As for Gersten and his colleagues
(Baker et al., 2002; Gersten & Baker,
1998), it is not clear at a theoretical or
practical level how one merges two in-
compatible orientations (i.e., behavior-
ism and social constructivism). Behav-
iorism, particularly as it has been
applied in special education, assumes
a transmission view of knowledge.
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Through explicit or step-by-step, highly
directed instruction, the learner fully
understands what the teacher is trying
to communicate. This kind of explicit
teaching tends to focus on the mastery
of declarative and procedural knowl-
edge. Yet how well even these types of
knowledge are retained over time is
less a subject of research or discussion. 

In contrast, cognitive and social con-
structivist views assume that interpre-
tation by the learner and occasional
misunderstandings are unavoidable.
The direct transmission of complex
concepts such as those found in mathe-
matics is an illusory goal. Construc-
tivists place a far greater emphasis on
discussion, peer interactions, and con-
ceptual understanding, all of which are
at a great distance from what is found
in the behaviorist tradition of mathe-
matics instruction in special education.

At stake here is what Cohen,
McLaughlin, and Talbert (1993) gener-
ally refer to as a habit of mind. How one
learns a subject is a function of multi-
ple factors, not the least of which are
the ways a teacher orchestrates an en-
vironment for students and instruc-
tional materials. Teaching students for
weeks to respond verbally to right–
wrong, fast-paced questions that are
followed by workbook computation
problems instills a habit of mind about
learning mathematics. It is unlikely
that teachers would or could suddenly
change course after weeks of this kind
of instruction and conduct lengthy,
classwide discussions with students or
have students grapple with ambigu-
ous or seemingly contradictory con-
cepts. At a practical level, the contrast
in instructional methods is too great
and too contradictory.

This problem is at the heart of Ger-
sten and his colleagues’ misinterpreta-
tion of Bottge and Hasselbring’s (1993)
fractions study. They confused the de-
sign of the study (i.e., controlling for
background knowledge by providing
the same pre-intervention instruction
in fractions to all students) with a pre-
scription for pedagogy and instruc-
tion. In other words, Bottge and Has-
selbring used a direct instruction

videodisc program as part of their
study in order to ensure equivalence
between the groups before the inter-
vention portion of the study. This arti-
fact of the study does not imply that
mathematics should be taught this way,
as confirmed by discussions with one
of the co-authors of the study (T. Has-
selbring, personal communication,
January 28, 2000).

Furthermore, the anchored instruction
literature (e.g., Goldman et al., 1997)
suggests the opposite—particularly,
the notion that extended drill on algo-
rithms may not lead to any kind of
long-term understanding. As noted
earlier, this approach exemplifies the
very problem with mathematics in-
struction in the United States that
Schmidt (Math Projects Journal, 2002)
described. Woodward, Baxter, and
Robinson’s (1999) research supported
this point, as their findings indicated
that when direct instruction curricula
and methods are used to teach stu-
dents with LD operations on decimals
and percentages, their retention of
these algorithms degraded dramati-
cally after the end of a 4-week inter-
vention. It should be noted that these
findings were omitted from Baker 
et al.’s (2002) synthesis of research on
mathematics for low-achieving stu-
dents. Similar findings of poor perfor-
mance over time as a result of direct in-
struction methods have been found in
the area of subtraction (Woodward &
Howard, 1994).

The work in anchored instruction
during the 1990s best exemplified the
influence of the social constructivist
movement and made a clear counter-
point to the behaviorist influences that
had pervaded special education for 
2 decades. Bottge’s research (Bottge,
1999, 2001; Bottge, Henrichs, Mehta, &
Hung, 2002) has been a continuation of
the efforts of the Cognition and Tech-
nology Group at Vanderbilt.

Anchored instruction researchers
tend to answer the question of system-
atic skills practice by embedding rele-
vant facts, procedures, and concepts in
authentic problem-solving situations.
Students are immersed in complex

environments, often accompanied by
videodisc presentations, and they are
required to sift through relevant and ir-
relevant information in order to for-
mulate and solve problems (Goldman
et al., 1997). Skills, then, are taught in
context.

Yet anchored instruction is not with-
out its problems. Linn, Baker, and
Dunbar (1991) made a highly pertinent
observation that was originally di-
rected at the authentic assessment
movement. What is considered mean-
ingful and authentic to adults may not
be so for students. There is no reason to
believe that all students will automati-
cally engage in the highly contextual-
ized problems developed by anchored
instruction researchers. Math is still
math, and the context for understand-
ing and solving these problems takes
place in school classrooms. For some
students, motivation remains a key
factor.

A second problem with anchored in-
struction is that the precise nature of
the skills and concepts learned in con-
text are underdescribed in the litera-
ture. One typically reads extensive
accounts of the problem-solving envi-
ronments, but precisely how and to
what degree students learn relevant
skills and concepts remains vague.
This is a significant issue, particularly
given the importance that the NCTM
standards place on conceptual under-
standing.

A final problem with anchored in-
struction can be found in the strategy
instruction research conducted during
the 1990s. This work carefully articu-
lated the challenges that students with
LD face in solving mathematics prob-
lems, albeit problems that are not as
complex as those used in anchored in-
struction. Some of this work was part
of a wider effort to teach students
metacognitive strategies for academic
tasks (e.g., Case, Harris, & Graham,
1992), whereas other studies can be di-
rectly linked to information processing
theory research (Jitendra & Hoff, 1996;
Jitendra, Hoff, & Beck, 1999) and the
concern for metacognition in problem
solving that arose in mathematics re-
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search in the 1980s (e.g., Hutchinson,
1993).

Montague’s (1992, 1995, 1997; Mon-
tague & Bos, 1986; Montague, Bos, &
Doucette, 1991) research in this area
carefully attended to the difficulties
that some students face when they are
asked to solve even common textbook
problems. Montague drew on informa-
tion processing and developmental
theory to articulate the kind of delays
that are indicative of late elementary
and middle school students with LD.
These students tend to have difficulty
transforming linguistic and numerical
information in word problems into ap-
propriate mathematical equations and
operations. They often resort to inef-
fective trial-and-error strategies or per-
form irrelevant computations. There is
good reason to believe that students
with LD would face comparable chal-
lenges in the kind of complex problems
presented through anchored instruc-
tion.

Woodward and his colleagues (Bax-
ter, Woodward, & Olson, 2001; Baxter,
Woodward, Wong, & Voorhies, 2002;
Woodward & Baxter, 1997) described
similar challenges that students with
LD face in learning complex concepts
and problems. Their naturalistic re-
search in reform-oriented classrooms
suggested that students with LD tend
to exhibit difficulties with the cognitive
load of the activities and curricular ma-
terials. Unless there is additional sup-
port in the class to mediate the instruc-
tion, these students tend to assume
passive roles, and their progress is sub-
stantially slower than that of their
peers without LD. These findings con-
flict with the earlier, anecdotal ac-
counts from reform-based classrooms,
which suggested that at-risk students
and students with LD benefited from
reform mathematics without special
assistance (Fennema, Franke, Carpen-
ter, & Carey, 1993; Resnick, Bill, Les-
gold, & Leer, 1991).

It would appear that special educa-
tion still needs a research-based model
that articulates how skills and concepts
are taught to students with LD in the
context of reform-based mathematics.

After all, reform curricula require stu-
dents to do more than solve either
word problems or the more complex
variety of problems described by an-
chored instruction researchers. A good
deal of conceptual understanding is
necessary as well. For example, Smith’s
(1995) study of rational numbers pre-
sents a picture of high school students
who are proficient in comparing the
size of fractions (e.g., 2⁄7 and 3⁄5) with-
out resorting to common denomina-
tors. The kind of mental number sense
that is evident here comes from repre-
sentational activities and classroom
discussions that develop a flexible un-
derstanding of concepts. Conceptual
understanding is a significant part of
mathematics reform that is only rarely
described in the special education lit-
erature (see Baroody & Hume, 1991).

Contemporary Issues

Excellence and Accountability

One way to describe the current state
of mathematics research and education
in the United States is through the con-
flict between sustained reform and the
broader politics of accountability. With
the No Child Left Behind Act of 2001,
the second Bush administration intro-
duced the concept of scientifically based
research as a mechanism for guiding
instructional practices in classrooms
throughout the country. This is an ex-
traordinary shift in policy, given the
long history of decentralized educa-
tional decision making in this country.
The political impact of the No Child
Left Behind Act extends beyond the
states that must comply with the law.
Even educators are being cajoled to
reorganize their research community
and follow scientifically based research
principles (Feuer, Towne, & Shavelson,
2002). Although the No Child Left Be-
hind Act was directed at reading edu-
cation, there are indications that the
Bush administration will pursue scien-
tifically based research in math. The
administration has already quietly
funded individuals who were instru-
mental in the back-to-basics movement

in California during the 1990s (Hoff,
2002) and is proposing scientifically
based research into effective mathe-
matics instruction through the newly
organized Institute on Education Stud-
ies.

Questions about the research base of
the NCTM standards and math reform
more generally are nothing new. Part
of the concern has to do with the con-
structivist foundations of the reform.
As Richardson (1997) observed, con-
structivism offers no one, simple per-
spective on teaching. The math reform
literature contains examples of highly
individual constructivism, social con-
structivism, and even emancipatory
constructivism. What exactly consti-
tutes constructivist practice remains ill
defined in the minds of many, and it is
particularly troublesome when teach-
ers receive little or no professional de-
velopment in these methods (Cohen &
Hill, 2001).

Math researchers (e.g., Hiebert, 1999)
also acknowledge that the NCTM stan-
dards were never written as a research
document, and research cannot begin
to account fully for all aspects of the
standards for a field. One central rea-
son for this is that research support is
likely to be uneven when standards are
developed. Standards, after all, are pol-
icy documents. They are intended to
promote further research in a given
area as much as to reflect what is al-
ready known. Perhaps most impor-
tant, standards reflect what is valued in
education. Nonetheless, criticisms of the
research underpinnings of the NCTM
standards and math reform have taken
on a new force in the last 2 years.

In an invited article for the Journal for
Research in Mathematics Education, Car-
nine and Gersten (2000) pressed for
more rigorous designs to be used in
mathematics research, particularly ex-
perimental and quasi-experimental tech-
niques. They argued that more re-
search of this type would possibly
remedy what they perceived to be seri-
ous flaws in the NCTM standards. Nei-
ther this article nor related writings
(e.g., Gersten, Lloyd, & Baker, 2000)
elaborated on why the proposed meth-
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ods are epistemologically superior to
other techniques for doing research.
What seems clearer is that the advo-
cacy for experimental and quasi-
experimental research is politically
useful to organizations sympathetic to
the view that mathematics should be
focused on basic skills instruction.
Large-scale experimental research is a
mechanism for questioning the valid-
ity of math reform research, much of
which has been based on qualitative
methods.

For example, Carnine’s work with
members of the State Board of Educa-
tion in California led to a review of
8,727 mathematics studies, only 110 of
which were deemed to have had high-
quality designs (Dixon, Carnine, Lee,
Wallin, & Chard, 1998). This report was
highly influential in California’s recent
return to the basics in mathematics
despite extensive criticism from the
American Educational Research Asso-
ciation over the poor quality of the re-
port and the limited inferences that
could be made from the remaining 110
studies that met Carnine’s acceptance
criteria (see J. Becker & Jacob, 2000). In
fairness to Carnine and his colleagues,
the report made it clear in its listing of
rejected studies that their own direct
instruction research (e.g., Carnine’s,
Gersten’s, Becker’s) did not meet the
criteria of high-quality research either.

Gersten (2001) also used the experi-
mental and quasi-experimental re-
search criteria in a recent address to a
U.S. Department of Education confer-
ence on scientifically based research.
He noted that there was little scientific
research in mathematics and stated
that the mathematics community was
resistant to this kind of work, charac-
terizing much of its research as roman-
tic in nature.

To be sure, the tenor of these criti-
cisms coincides with political views in-
side the second Bush administration. It
is ironic that math educators agree that
quantitative research methods could
yield a more balanced and reliable
foundation for continued reform ef-
forts (Burrill, 2001; Cohen, Rauden-
bush, & Ball, 2002; Research Advisory

Committee, 2002). However, there are
a number of important technical and
theoretical considerations that must be
taken into account.

First, research designs alone will not
yield a satisfactory answer to the ques-
tion, “What works?” Scientific Research
in Education (National Research Coun-
cil, 2002), which was commissioned by
the National Research Council during
the growing political debate over edu-
cational research and practice, made
this clear. This report attempted to rec-
oncile the tensions between different
types of research methods by noting
that different questions require differ-
ent methodologies. What makes quasi-
experimental and experimental designs
important is not their epistemological
superiority as much as their value to
politicians and decision makers who
fund education and educational re-
search. Large-scale experimental re-
search has face validity to politicians
because its methodology is similar to
that used in medical research. How-
ever, the extent to which educational
research can resemble medical research
is a highly controversial assumption
(Feuer et al., 2002).

Perhaps most salient to the high-
quality standards mentioned earlier,
Feuer et al. (2002) reminded us that re-
search is based on theory, and it is con-
tingent upon values. Hiebert (1999)
echoed this concern for values, arguing
along with many others in the math
community that the kind of mathemat-
ics that students need to know for the
future is significantly different from
that articulated in the basic skills era of
the 1970s.

Second, there are major technical is-
sues that must be addressed in large-
scale studies. Educational contexts
play a significant role in this kind of re-
search. Simply put, large-scale research
generates a considerable amount of va-
riance, particularly within the imple-
mentation of a particular instructional
approach. Too many potential interac-
tions can be attributed to an untold
number of factors. As Berliner (2002)
reminded us, this was the problem
with the Project Follow Through re-

search. Controlling for contextual fac-
tors and the ensuing interactions
would be an overwhelming problem
for research teams, and it is likely to
arise under the most unanticipated of
circumstances. Clearly, it is much eas-
ier to prescribe high-quality standards
for research than it is to implement
them in studies that occur over a sig-
nificant period of time.

These technical and conceptual issues
associated with large-scale research be-
come paramount in any investigation
of contemporary mathematics meth-
ods. Cohen et al. (2002) presented a dif-
ferent kind of large-scale experimental
research design than the one that is
commonly envisioned by social scien-
tists. They argued that experimental
studies that rely primarily on a narrow
range of student outcome measures
and simple models of instruction (e.g.,
teachers present information and stu-
dents learn it) yield little useful in-
formation. Instructional environments
are exceedingly complex. Environments
that promote high levels of mathemat-
ical literacy effectively engage students
in the learning process. Student moti-
vation and attitudes toward mathe-
matics are key variables. The pedagog-
ical content knowledge that teachers
have is a crucial resource, and it is not
as easily quantified as years of teach-
ing experience or highest degree ob-
tained. Adjusting to student under-
standing is central to constructivist
methods, and the fact that good teach-
ers calibrate their instruction based on
student needs makes detailed class-
room observations and interviews im-
perative in a research agenda. All this
work occurs in a larger context, in
which parents, principals, school poli-
cies, and state requirements mediate
outcomes. These kinds of resources
need to be taken into account for large-
scale research to be informative, which
makes useful large-scale research com-
plex and extremely expensive.

Finally, the recent criticisms of the
excessive number of qualitative re-
search studies in mathematics educa-
tion over the last 20 years need to be
put in perspective. With little knowl-
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edge of mathematics research, one
could incorrectly infer that these were
intervention studies. Instead, part of
the growth in mathematics research
since 1980 has had to do with a wider
scope of research than just intervention
studies. Investigations of teacher think-
ing, pedagogical content knowledge,
and student attitudes and beliefs have
all been important research topics for
mathematics educators (see A. Kelly &
Lesh, 2000). In fact, one of the most
influential research studies—which is
quoted by both sides of the skills–
reform debate—was Ma’s (1999) qual-
itative interviews with U.S. and Chi-
nese teachers. Ma’s findings, along
with policy research studies such as
Cohen and Hill’s (2001) examination of
math reform in California, are impor-
tant reminders of how teachers’ subject
matter knowledge underpins what is
or is not effective in the classroom. In
fact, Cohen and Hill’s extensive re-
search of reform in California indi-
cated that teachers who had adequate
access to reform standards, materials,
and professional development were
successful in teaching more complex
mathematics to their students. 

Learning Disabilities in Math

In addition to the broad concerns 
for reliable educational research, the
second Bush administration has also
re-examined the state of special edu-
cation. The presidential commission
policy document, A New Era: Revitaliz-
ing Special Education (U.S. Department
of Education, 2002), extended the theme
of accountability found in the No Child
Left Behind Act to special education
practices in the United States. Mem-
bers of the presidential commission
noted that LD is one of the main prob-
lems with special education today. The
number of students with LD has
grown 300% since 1976, and there is an
overrepresentation of minorities in this
category.

The concern with the excessive num-
ber of students with LD can also be
found in influential policy statements
such as Rethinking Special Education for

a New Century (Finn, Rotherham, &
Hokanson, 2001). In this report, Lyon
et al. (2001) asserted that far too many
students with LD suffer from reading
problems, and they would be better
served by intense, early intervention
programs. One implication of this view
is that generally, low-achieving stu-
dents who are now served in special
education for subjects like reading and
math would receive early interven-
tions in other environments, presum-
ably the general education classroom. 

Although Lyon et al. (2001) have put
a great deal of effort into early inter-
ventions in reading, which center on
decoding instruction, this kind of work
is less fully articulated in math. To be
sure, the work of Geary (1994, in this
issue) and intervention programs like
Right Start (Griffin, Case, & Siegler,
1994) offer important insights into 
the problems that academically low-
achieving students have with number
sense as they enter schools. They are
building blocks for future early inter-
vention research.

However, one should be cautious
about the long-term effects that num-
ber sense interventions may yield. Aca-
demically low-achieving students in
the early grades face a number of other
challenges (e.g., the ability to translate
simple word problems into a computa-
tional form). Moreover, mathematics is
a discipline where knowledge devel-
ops in a cumulative manner. As this
historical review suggests, academi-
cally low-achieving students—regard-
less of their status as students with
LD—face any number of difficulties as
they move from the early grades to-
ward increasingly complex topics.

How all of these federal efforts to en-
sure that accountability accompanies
excellence will unfold is far from cer-
tain at the time of this writing. What is
clear to a number of educators is that
there are good reasons why math re-
form needs to occur and why it is much
more than an American phenomenon.
After all, mathematics has been a cen-
tral part of educational reform interna-
tionally since the late 1980s (Atkin &
Black, 1997; De Corte, Greer, & Ver-

schaffel, 1996), and this trend is appar-
ent in many of the other articles in this
special issue. Given the renewed inter-
est in large-scale experimental re-
search, the question seems to be less
“What final answers will these kinds of
studies provide?” than “How will this
kind of research help us achieve a con-
vergent understanding of best practices
that is needed to move a discipline like
mathematics forward?”
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