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The Quest for Integration: 
School Mathematics and Science 

ANDREW ISAACS 
University of Chicago 

PHILIP WAGREICH and MARTIN GARTZMAN 
University of Illinois at Chicago 

The importance of comprehensive reform-oriented curricula for the wide- 
scale improvement of elementary school mathematics has long been rec- 
ognized. This article is a case study of one such curriculum, Math Trail- 
blazers, from the Teaching Integrated Mathematics and Science (TIMS) 
Project at the University of Illinois at Chicago. Math Trailblazers and other 
TIMS materials attempt to integrate mathematics and science by emphasiz- 
ing science as method and by focusing on a small set of variables that are 
thought to be fundamental. The TIMS materials are examined in a frame- 
work that considers the meaning of math and science integration and its 
possible advantages and disadvantages, and the difficulties in writing and 
implementing integrated materials. 

Now, when all these studies reach the point of inter-communion 
and connection with one another, and come to be considered in 
their mutual affinities, then, I think, but not till then, will the pursuit 
of them have a value for our objects; otherwise there is no profit in 
them. (PLATO, Republic, Book 7) 

The history of efforts to integrate the teaching of mathematics and sci- 
ence can be traced to at least the beginning of the twentieth century. In 
Chicago at that time, there was great enthusiasm for integrating school 
mathematics and science. Eliakim Hastings Moore,John Dewey, and oth- 
ers called for school mathematics and science to be more practical and 
concrete. George Myers and the mathematics department at the Uni- 
versity of Chicago Laboratory School produced a unified mathematics 
course that used problems from science and everyday life. The oldest 
professional organization in the country for mathematics and science 
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The Quest for Curricular Integration 

teachers, the School Science and Mathematics Association, was founded 
in Chicago in 1901. 

The desire for integrated mathematics and science has persisted 
through the decades since Dewey left Chicago. Over the years, articles 
have been written about the advantages of an integrated program (see 
Berlin [1991] for a bibliography), conferences have been held (see, e.g., 
Cambridge Conference on School Mathematics 1969; Berlin 1994) and 
serious attempts at producing materials have been made, including Math- 
ematics through Science (School Mathematics Study Group 1963), MINNE- 
MAST Coordinated Mathematics-Science Stries (Minnesota Mathematics and 
Science Teaching Project [MINNEMAST] 1969), Unif ed Science and 
Mathematics forElementary Schools (Unified Science and Mathematics for 
Elementary Schools 1977), and Activities Integrating Mathematics and Sci- 
ence (AIMS Education Foundation 1987). Despite these articles, confer- 
ences, and materials, however, the desire for integration remains unful- 
filled; science and mathematics are largely uncorrelated in most schools 
today. 

In this article, we focus on elementary school mathematics and sci- 
ence. We survey definitions of integrated mathematics and science, 
sketch advantages and disadvantages of an integrated approach, and ex- 
amine in detail our own attempts to create integrated materials for the 
elementary school. Since much of the article is given over to a case study 
of our own efforts, we would first like to explain why such a case study 
may be important. 

ANDREW ISAACS is associate director of Bridges to Classroom Mathe- 
matics, a collaboration between the University of Chicago School of 
Mathematics Project (UCSMP), the Consortium for Mathematics and Its 
Applications (COMAP), and TERC. Bridges to Classroom Mathematics 
is developing materials for wide-scale teacher enhancement in elemen- 
tary school mathematics. Isaacs is interested in how to help teachers as 
they make the transition to standards-based mathematics and science 
curricula. PHILIP WAGREICH is professor of mathematics, statistics, and 
computer science and director of the Institute for Mathematics and Sci- 
ence Education at the University of Illinois at Chicago. His research has 
focused on mathematics and science education reform and algebraic ge- 
ometry. MARTIN GARTZMAN is director of Outreach Programs for the In- 
stitute for Mathematics and Science Education at the University of Illi- 
nois at Chicago. He is also a senior author with the TIMS Project. 
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Curricula as Hypotheses 

The main reason for a case study of a curriculum is that curriculum mat- 
ters a great deal. While external testing and teacher knowledge of con- 
tent and pedagogy are important factors in shaping instruction, curricu- 
lum largely determines what is taught and learned (Ball and Cohen 
1996; Barr 1988; Begle 1973; Davis 1992; Fey 1980; Flanders 1987; 
National Advisory Committee on Mathematical Education [NACOME] 
1975; Olson 1997; Pollak 1983; Porter 1989; Romberg 1992; Schoenfeld 
1988; Slavin 1990; Suydam 1979). Although exceptional teachers can 
create their own curriculum and activities, the school program in most 
classes is driven by the textbook. Better materials are the sine qua non of 
wide-scale improvement in mathematics and science instruction. 

One might hope that writing better materials would be a simple ap- 
plication of the knowledge that has been established by decades of edu- 
cational research, an engineering task, so to speak (Romberg and Tufte 
1987). Unfortunately, this is not the case. Variables such as grouping 
strategy or instructional sequence are purposely isolated in researchers' 
studies but interact with other variables when they are embedded in 
real programs (Slavin 1990). A change in one variable may cause unin- 
tended changes in other variables, and this may prevent improvement 
in the system as a whole. This interaction complicates bridging the gap 
between research and practice. Nor are the many recent recommenda- 
tions for mathematics and science education reform (American Asso- 
ciation for the Advancement of Science [AAAS] 1993; National Council 
of Teachers of Mathematics [NCTM] 1989, 1991, 1995; National Re- 
search Council [NRC] 1996; National Science Teachers Association 
[NSTA] 1992) sufficient to specify curriculum. The level of detail in 
these consensus documents falls short of what is required to make cur- 
riculum writing straightforward. 

Since descriptions from educational research and general prescrip- 
tions from reform documents do not provide the detail that is required 
for the day-to-day prescriptions teachers need, curriculum writers must 
often rely on their beliefs and best guesses. Hence, curriculum is useful 
not only to practitioners who have to teach the children, but also to 
theorists and researchers who can consider it as a collection of hypothe- 
ses to be explored theoretically and empirically. One might also hope 
that a case study of a curriculum would illuminate the process of cur- 
riculum writing, which would be useful both to researchers and to other 
curriculum writers. 

In this article, accordingly, we describe not only the research base for 
our work, but also some of the beliefs that guided us, and we also sum- 
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The Quest for Curricular Integration 

marize some of the lessons we have learned. But first, we discuss what 
integrated mathematics and science is and what some of its advantages 
and disadvantages are. 

What Is Integration? 

In their bibliography of integrated mathematics and science, Donna Ber- 
lin and Arthur White write, "Throughout the literature, there is a gen- 
eral sense that integration is a 'good thing.' However, very little has been 
reported that explicitly describes what it means to integrate mathematics 
and science, and even less research has been done to explore its benefits 
and detriments" (Berlin and White 1995, p. 22). 

Roughly speaking, integration takes place when two or more disci- 
plines are taught together (Jacobs 1989). This "teaching together" may 
take place in a single lesson, in a unit comprising a series of lessons over 
several days or weeks, or in a year-long integrated course. Often, especially 
for elementary school teachers, integration is accomplished through the- 
matic units that organize learning experiences around a topic like "the 
oceans" or "Africa" a contemporary parallel to the incidental learning 
approaches of the Progressive Era when arithmetic was studied only as it 
arose "incidentally" in the course of project work. Various disciplines 
science, mathematics, language arts, geography, and so on are brought 
to bear on the unit's topic, with the students' interests and backgrounds 
often influencing the relative prominence of the several disciplines. 

A conference on the integration of mathematics and science, held in 
April 1991 at the Wingspread Center in Racine, Wisconsin, attempted a 
more explicit definition of integrated mathematics and science (Berlin 
1994; Berlin and White 1992) . One definition proposed was that (1) "in- 
tegration infuses mathematical methods in science and scientific meth- 
ods into mathematics such that it becomes indistinguishable as to whether 
it is mathematics or science" (Berlin and White 1992, p. 341). Another 
definition suggested was that (2) integration is "the process of blending 
the quantifying aspects of mathematics and the contextual aspects of sci- 
ence" (Berlin and White 1992, p. 341) . 

Lynn Steen, in the keynote address at the Wingspread conference, dis- 
tinguished five possible ways to integrate mathematics and science 
(Steenl994,pp.7-8): 

* By employing mathematical methods thoroughly in science in- 
struction, taking the necessary steps to coordinate the curricula of 
the two subjects.... 
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* By employing scientific examples and methods thoroughly in 
mathematics instruction, taking necessary steps to coordinate the 
curricula of the two subjects.... 

* By teaching mathematics entirely as a part of science as its lan- 
guage and ubiquitous tool in order to better motivate and rein- 
force the study of mathematics while at the same time strength- 
ening the quantitative component of science instruction.... 

* By teaching science entirely as part of mathematics as its princi- 
pal application.... 

* By employing mathematics methods thoroughly in science and 
scientific methods thoroughly in mathematics, coordinating both 
subjects sufficiently to make this feasible. 

It should be noted that Steen explicitly rejected the third and fourth of 
these approaches to integration as potentially disastrous; he favored the 
last approach. 

Yet another approach to defining "integration" is to resort to the dic- 
tionary. Webster's Dictionary defines "integration" as "to make whole or 
complete by adding or bringing together parts." This definition implies 
that mathematics and science are (or were) a whole that needs to be 
brought together. Indeed, for most of history, the practices of mathe- 
matics and science were indistinguishable. As an overview of MINNE- 
MAST states, one reason for integration is that "the very backbone of 
much of theoretical science evolved, in a sense, as a branch of applied 
mathematics and would not exist without it today" (Adams 1970) . 

For this article, we take as our working definition of "integration" the 
various statements proposed at the Wingspread Conference, including 
especially (1) and (2) above, and Steen's final point. 

Arguments for Integration 

As Berlin and White (1995) noted, little research has been done to evalu- 
ate the benefits of the integration of mathematics and science. Perhaps 
this is the result of the difficulty of designing a research project that 
would determine whether integration, in itself, is good. Any curriculum 
integrating mathematics and science would be complex, and "integra- 
tion" would be only one of the variables that might explain its success or 
failure. Nevertheless, authors of integrated mathematics and science cur- 
riculum materials, as well as many authors of reform documents, offer 
several arguments for the integration or correlation of mathematics and 
science instruction. 

Integration is often seen as a means to achieve certain goals associ- 
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ated with mathematics and science reform movements. One such goal 
is to enhance student learning by presenting concepts in a context that 
is meaningful to children, a suggestion that many researchers have 
made (Baroody and Ginsburg 1986; Hiebert 1988; Resnick et al. 1990). 
Another goal is to provide children with experiences that are more 
engaging. 

Developers of integrated curricula have long contended that their 
goal is conceptual learning. The networks of ideas in integrated cur- 
ricula are thought to build children's understanding of the concepts in- 
volved. This idea was explicit in materials from the Cambridge Con- 
ference on School Mathematics: "The primary message of education 
should be that thinking is worthwhile. Science and mathematics, particu- 
larly in the elementary school, are ideal vehicles for the primary message 
of our educational process: Thinking is worthwhile" (Cambridge Con- 
ference on School Mathematics 1969, p. 6). In MINNEMAST, a similar 
idea was expressed: "Students should be trained in the processes of 
mathematical and scientific thinking. It is imperative that we give [stu- 
dents] the tools for lifelong learning, so that [they will be] equipped to 
solve problems as they arise" (Adams 1970, p. 11). 

Another rationale for integration is that it is more time efficient. 
Again, this is an argument with a long history: "As alterations were made 
in the content of school courses in the various disciplines, the thought 
presented itself that science and mathematics should not, and perhaps 
could not, long be kept separate. For one thing, they were becoming 
competitive for the time of the teacher and the student" (Cambridge 
Conference on School Mathematics 1969, p. 8). 

Mathematics and science are linked both in public perception and in 
public policy. The National Science Foundation (NSF), for example, 
funds research in mathematics and science but not in other fields. All of 
the recent reform documents in mathematics and science support the 
correlation of mathematics and science (AAAS 1993; NCTM 1989,1991, 
1995; NRC 1996; NSTA 1992). In its curriculum standards, for example, 
the NCTM states, "We favor . . . a truly integrated curricular organization 
in all grades to permit students to develop mathematical power more 
readily and to allow the necessary flexibility over time to incorporate the 
content of these standards. This integration is intended both among the 
mathematical topics and with their use in other subjects" (1989, p. 252). 
The NCTM's connection standards at the three grade levels (K-4, 5-8, 
and 9-12) also endorse integration. The NCTM's teaching standards 
recommend that teaching practice should move "toward connecting 
mathematics, its ideas, and its applications away from treating mathe- 
matics as a body of isolated concepts and procedures" (1991, p. 3). The 
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AAAS states, "By recommending increased emphasis on connections be- 
tween science and other disciplines . . . we suggest that educators can 
encourage students not only to know scientific facts but also to view the 
world scientifically.... Interdisciplinary connections make scientific 
principles tangible to a wide variety of individuals and provide an effi- 
cient method for designing lessons and strengthening the content 
learned in several subjects at once" (AAAS, in press). 

A final argument for integration is that the scientific approach to 
mathematics arriving at mathematical patterns through inductive rea- 
soning on quantitative data can make ideas more accessible to stu- 
dents. For example, the relationship between the circumference and 
diameter of a circle can be explored experimentally by measuring the 
circumference and diameter of tin cans and other common circular ob- 
jects. Plotting these data reveals that the data points lie close to a straight 
line. This pattern can be used to discover that the circumference, C, is a 
constant multiple of the diameter, D. Of course this does not substitute 
for a mathematical proof that C = GrD, but it does illuminate the mean- 
ing of that symbolic relationship. 

Arguments against Integration 

The integration of mathematics and science, however, is not unproble- 
matic. One difficulty is what Jacobs (1989) calls the "potpourri prob- 
lem": "Unlike the disciplines that have an inherent scope and sequence 
used by curriculum planners, there is no general structure in interdisci- 
plinary work" (p. 2). This notion was expressed at the Cambridge Con- 
ference on School Mathematics: "In the opinion of a few at our confer- 
ence a . . . danger [of integration] is the possible disruption of a tightly 
organized mathematical sequence by an attempt to cater to the needs 
of science instruction" (Cambridge Conference on School Mathematics 
1969, p. 8) . The domains of mathematics and science have different ways 
of organizing knowledge. Unfortunately, these frameworks do not nec- 
essarily mesh, and incoherence may result (Dickey et al. 1997). What is 
required is a larger conceptual framework that includes both domains, 
but constructing such a framework is a difficult task. 

Another danger of curriculum integration is that mathematics and 
science content may be sacrificed in the attempt to find a situation in 
which both are present. If a unit is organized around a scientific topic, 
say the rain forest, there may not be enough serious mathematics in the 
situation. The result can be mathematically trivial (Dickey et al. 1997). 
It is also possible that the richness of the real-world context can increase 
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the cognitive demand on the student, so that basic mathematics and 
science concepts are obscured (Anderson et al. 1996; Hiebert 1988). 
Or a context may be so engaging that it distracts from instructional 
goals. 

Other problems with integration are systemic. One such problem is 
that existing external assessments align poorly with integrated curricula, 
so that the benefits of integrated programs may not be evident in stan- 
dardized test scores. Perhaps because of the pressure of external testing 
and other outside forces, most school districts still approach mathemat- 
ics and science separately. Separate committees are appointed to con- 
sider adoption of mathematics and science curricula. Since most school 
districts' mathematics guidelines and science guidelines are uncoordi- 
nated, it is unlikely that a single set of instructional materials can achieve 
a good fit with both. Furthermore, curriculum developers who seriously 
attempt to align their materials with the profusion of mathematics 
and science standards from states and districts face a long list of topics 
that must be included. According to the researchers from the Third 
International Mathematics and Science Study, the current U.S. mathe- 
matics and science curricula are fragmented, unfocused, and excessively 
broad (Schmidt et al. 1997). Integrated curricula have to contend with 
the forces that have splintered the U.S. mathematics and science 
curricula. 

The Teaching Integrated Mathematics and Science Project: 
A Case Study in Integration 

With much support for the idea of integrating mathematics and science 
but with little guidance from research about how to achieve such integra- 
tion, educators who attempt to create integrated programs must make 
many assumptions in order to decide how to proceed. The remainder of 
this article is an examination of the efforts of a group that has been de- 
veloping integrated math and science curriculum materials for over two 
decades, the Teaching Integrated Mathematics and Science (TIMS) Pro- 
ject. In particular, we will examine issues related to the development of 
two sets of TIMS curriculum materials: the TIMS Laboratory Investigations 
(Goldberg 1997), a series of activities that complement existing math 
and science curricula, and Math Trailblazers: A MathematicalJourney Using 
Science and LanguageArts (Wagreich and TIMS Project Staff 1997), a com- 
prehensive K-5 mathematics curriculum with strong connections to sci- 
ence. The development of these materials is examined as a case study 
of how curriculum developers grapple with some of the issues outlined 
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above. We sketch the philosophy behind the program, describe the ma- 
terials that have been developed based on that philosophy, and discuss 
some of the lessons we have learned. 

The Origzns of TIMS 

In the late 1970s, Howard Goldberg, a particle physicist at the University 
of Illinois at Chicago, became alarmed by the absence of science educa- 
tion in his daughters' elementary school classes. Building on the work of 
Robert Karplus and others, Goldberg developed a framework for simpli- 
fying the scientific method for children and applied that framework to 
laboratory investigations of easily accessible phenomena (Goldberg and 
Boulanger 1981). The authors of this article joined Goldberg in 1985, 
and, together with others, we developed the body of work now known 
as TIMS. 

The motivation behind TIMS comes from two sources, one with roots 
in mathematics and one with roots in science. The scientific impetus is 
the desire to teach science to children in a way that reflects the practice 
of scientists: modern science is fundamentally quantitative. The mathe- 
matical impetus is to find a way to make mathematics meaningful to chil- 
dren: engaging children in quantitative investigations of common phe- 
nomena harnesses their natural curiosity in a way that can be meaningful 
and instructive. 

Method 

Teaching Integrated Mathematics and Science begins by distinguishing 
between the results of science and the method of science. Although the 
results of scientific inquiry have enriched all our lives, the method that 
has established those results is even more significant. Without the 
method, the results would never have been achieved. 

School science traditionally has focused on the results of science. Stu- 
dents learn about plate tectonics, the atomic theory of matter, the solar 
system, evolution, and so on. In an address to the AAAS, Dewey pointed 
out the shortcomings of this approach: "One of the most serious diffi- 
culties that confronts the educator who wants in good faith to do some- 
thing worthwhile with the sciences is their number, and the indefinite 
bulk of the material in each. At times, it seems as if the educational avail- 
ability of science were breaking down because of its own sheer mass. 
There is at once so much of science and so many sciences that educators 
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oscillate, helpless, between arbitrary selection and teaching a little of ev- 
erything" ( Dewey 1910, p . 123) . 

An examination of current science textbooks shows how persistent this 
desire to teach a little of everything is (Schmidt et al. 1997). Even the 
recent science reform documents (AAAS 1993; NRC 1996; NSTA 1992), 
despite their emphasis on the method of science and a stated philosophy 
that "less is more," include a vast amount of content in life science, 
physical science, earth and space science, technology, and the history of 
science. As Richard Shavelson writes, "The content standards in science 
are a mile wide and an inch deep, with all topics having equal priority" 
(1997, p. 38). 

Of course, knowing the basic facts of science is part of being educated, 
today more than ever. Unfortunately, as Dewey noted, the sheer mass of 
scientific knowledge makes it less than ideal for the school curriculum. 
An endless parade of facts is dull, no matter how interesting each fact is 
in itself. Even worse, students' common sense is abused when they are 
confronted with results far beyond their understanding: telling students 
an interesting story about the ozone layer or superconductivity does not 
give them the tools to test the validity of these stories as opposed to other 
equally plausible stories about ancient astronauts or miracle cures. As 
Dewey stated in his address to AAAS, "Science has been taught too much 
as an accumulation of ready-made material with which students are to be 
made familiar, not enough as a method of thinking, an attitude of mind, 
after the pattern of which mental habits are to be transformed" (1910, 
p. 122). 

Thus, TIMS focuses first on the method of science, a method consist- 
ing of a few simple ideas that can be applied to a wide variety of phe- 
nomena. And because that method is fundamentally quantitative, when 
students apply it they are doing mathematics: science instruction that 
focuses on method is naturally integrated with mathematics. 

Variables 

Variables are central to TIMS in two ways. First, TIMS is based on the 
premise that understanding relationships among variables is a princi- 
pal goal of science. This suggests that school children learning science 
should also investigate relationships among variables. 

Scientists seek to discover relationships among variables in order to 
understand and make predictions about the world. In mathematical ter- 
minology, one says that scientists look for functions that fit real-world 
data. So, in science, functions are fundamental. This idea and Dewey's 
notion that education should connect with children's experience lead us 
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to believe that school science and mathematics should engage children 
in a search for functional relationships in their everyday experience. 

The second way that variables are fundamental in TIMS is that the 
program holds that elementary school mathematics and science should 
focus on a small set of variables that are truly basic and that the study of 
more complex variables should be put off until these simpler variables 
are understood. Underlying most measurements, no matter how com- 
plex, are simpler variables in terms of which more complex measures are 
defined. In TIMS, we take these most basic variables to be length, area, 
volume, mass, and time. Understanding these basic variables is an essen- 
tial prerequisite to scientific understanding of more complex concepts. 
Density, for example, is defined in terms of mass and volume; velocity is 
defined in terms of length and time. Measurement of length, area, vol- 
ume, and time is also basic in mathematics. Repeated hands-on experi- 
ences with these basic variables help students develop an intuition and 
understanding of them as well as a general understanding of variables 
and relationships that prepares them for higher mathematics. 

Thus, a fundamental decision made by the TIMS Project was to focus 
on three key ideas: the method of science, the use of variables and func- 
tions in scientific investigation, and the in-depth exploration of a small 
set of key variables. It should be noted that, while this focus almost always 
resonates with practicing scientists and is consistent with a "less is more" 
reading of recent national science education reform recommendations, 
we have found that it often clashes with the view of science held by many 
elementary school teachers. 

The TIMS Labs: Integration through Supplemental Materials 

From the late 1970s through 1990, TIMS focused primarily on the de- 
velopment and implementation of a series of laboratory investigations 
(Goldberg 1997). An example may clarify how the TIMS view of science 
is reflected in these labs. 

Rolling Along is a lab designed for students in fourth or fifth grade. In 
this lab, students conduct an experiment in which a small cart is rolled 
down an incline. Students measure the distance the cart rolls as the slope 
of the incline varies. Then they graph their data and analyze their results. 
A simple four-step framework-the TIMS Laboratory Method-helps 
children organize their work: (1) picture, (2) table, (3) graph, and 
(4) questions. We think of the TIMS Laboratory Method as a simplified, 
structured version of the scientific method. 

Picture: Beginning the investigation.- Most TIMS laboratory investiga- 
tions begin with a question about a situation familiar to the children. In 
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Rolling Along the question is, How does the height of a ramp aSect how 
far a cart will roll? From the science-as-facts point of view, such a question 
may appear less scientific than questions like, What are the three kinds 
of rock? or How many planets are there? or How does your body repair 
itself? But from our science-as-method perspective, a quantitative ques- 
tion that children can investigate themselves is ideal. 

If the children are to investigate on their own, they need tools. Fortu- 
nately, the equipment required for the investigation of everyday phe- 
nomena is usually not expensive or difficult to find: toy cars, ramps, 
blocks, meter sticks, and graph paper suffice to explore the questions in 
Rolling Along. Children also need to be comfortable with the equipment 
before they begin to gather their data, but because the situations are 
familiar, a short time spent playing with the apparatus is usually all that 
. . . 

1S reqUlred. 

A key task at the beginning of an investigation is to conceptualize the 
situation in terms of variables. The question in Rolling Along involves 
two main variables: the height of the ramp and the distance rolled. The 
task is to find the relationship between these variables. Experiments for 
younger students generally focus on the relationship between two vari- 
ables, with all others held constant, since obtaining meaningful results 
can be difficult if too many variables change simultaneously. 

By the end of the first phase of the investigation, the children under- 
stand the situation in terms of variables and know what procedures to 
follow in order to obtain meaningful data about those variables. All this 
work is summed up in a picture (fig. 1). Drawing the picture helps the 
children understand and organize what they are to do. Pictures also help 
teachers assess whether students are ready to proceed to the next step, 
gathering and organizing the data. 

Data table: Gathering and organizing the data.- Recording experimental 
data in an organized way is necessary so the investigator can look for 
patterns. Accordingly, the second step in the TIMS Laboratory Method 
is to gather the data and record them in a table (fig. 2). 

*, ,, ..,, ,,,, ./-,. , ,, 1 

: -- w-- 1=b.. \ , 

FIG. 1. Picture for Rolling Along experiment 
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FIG. 2. Data table for Rolling Along experiment 

As the students make their measurements and enter their data in the 
table, they check the reasonableness and accuracy of their results. If it is 
practical, multiple trials are carried out in order to help control experi- 
mental error. If the value obtained in a trial is out of line-a rule of 
thumb is that a variation of more than 5 percent or 10 percent is prob- 
lematic- then that trial is repeated. Children also control measurement 
error by averaging the several trials. Most important, as the table fills up, 
the students look for patterns in the data. These patterns indicate rela- 
tionships that become clearer in the next step, graphing the data. 

Graph: Finding patterns in the data.- The third step in the TIMS Labo- 
ratory Method is graphing the data (fig. 3). Although the relationship 
between the variables may be evident in the data table, finding and ex- 
pressing that relationship is often easier with a graph. 

With a little help, kindergartners can create and read bar graphs and 
can use them in the analysis of simple experiments. Third graders can 
learn to make point graphs and can fit lines to their data (Goldberg and 
Wagreich 1990; Goldberg 1993). The resulting line is useful for control- 
ling error, identifying patterns, and making predictions. 

A well-made graph is a valuable representation of the functional rela- 
tionship between the variables that are being investigated: strongly cor- 
related variables have data points that are close to some curve; more 
weakly correlated variables have data that are more scattered; variables 
that are proportional lead to graphs that are straight lines through the 
origin; normally distributed variables have bell-shaped graphs; and so 
on. A thorough understanding of the relationship between the variables 
is the goal of the final step in the TIMS Laboratory Method, analyzing 
the data. 

Questions: Analyzing the data.- At this point in the investigation, the 

Isaacs, Wagreich, and Gartzman 
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FIG. 3. Graph for lRolling Along experiment 

relationship between the variables has been displayed in the appara- 
tus, in the picture, in the data table, and in the graph. The last step is 
the analysis of the entire situation, usually structured for the children 
through a series of questions. 

The questions lead the students through an in-depth examination of 
what they have done. Questions are tailored to suit the grade level of the 
students and their previous experience with quantitative reasoning. Ba- 

- 

sic questions probe students' literal understanding of the experiment: 
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At what height did the cart roll farthest? How far was that? Still other 
questions ask the children to make and verify predictions: What might 
happen if you raised the ramp to 24 cm? Other questions probe their 
understanding of underlying concepts and explore the role of con- 
trolled variables: What might happen if you oiled the cart's wheels? What 
might happen if you added mass to the cart? As the children get older 
and more experienced, the questions progress to interpolation and ex- 
trapolation, proportional reasoning, and multiple-step problem solving. 

As children check their predictions by further experimentation, they 
make connections between mathematical abstractions and the physical 
world. The end of the investigation may be a completely satisfying answer 
to the original question, but, more often than not, the end is another 
question that can lead to further investigations. 

Evaluation of the TIMS Laboratory Investigations 

To date, the TIMS Project has published 147 TIMS laboratory investi- 
gations for grades 1-9 (Goldberg 1997). Each investigation follows the 
picture-data-table-graph-questions format described above and is de- 
signed to take between three and seven periods of class instruction. Each 
lab can be done at a range of grade levels. The basic setup for each lab is 
essentially the same at all grades, but the level of analysis is adjusted to 
the students' level, in particular their ability to reason quantitatively. In 
practice, most schools use the labs as a hands-on supplement to a text- 
book-based science program, rather than as a full curriculum. 

There is substantial evidence that the TIMS labs are effective in pro- 
moting student learning of math and science concepts. A four-year longi- 
tudinal study (Goldberg 1993) followed 1,000 children from 11 Chicago- 
area schools using TIMS materials to supplement existing mathematics 
and science curricula. The study was part of a NSF-funded project involv- 
ing approximately 200 teachers and 5,000 children. Students in grades 
1-4 at the beginning of the study were in grades 4-8 at the end. 

Student achievement was measured by a written test designed to assess 
understanding of important mathematical and scientific concepts and 
skills. About 25 percent of the questions were multiple choice; the re- 
mainder were open response. A pretest was administered in September 
1988 and posttests in June 1989, 1990, 1991, and 1992. The test consists 
of two parts. Part 1, consisting of 10 questions, was administered to all 
children in grades 1-8, while part 2, consisting of 29 questions, was ad- 
ministered only to children in grades 3-8. The first part of the test cov- 
ered basic mathematical and science concepts including length, area, 
volume, mass and bar graphing, while the second part covered more 
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FIG. 4. Test score part 1 versus grade summed over 11 schools. The children starting 
the program in grade 1 are denoted by an open circle, in grade 2 by a small solid circle, in 
grade 3 by an X, in grade 4 by a triangle, and in grade 5 by a large solid circle. The pretest 
is denoted by a dash. 

advanced concepts including proportional reasoning and making and 
interpreting point graphs. 

For each administration of the test there was a linear correlation be- 
tween grade level and score on the test (see figs. 4 and 5). This had al- 
ready been observed in a previous one-year study of student achievement 
(Goldberg and Wagreich 1990). By the end of the first year of school- 
wide implementation, the children had gained an average of three years 
growth. For example, after one year of the program, the first graders' 
posttest score on part 1 of the test equaled the fourth graders' pretest 
score. These students gained an extra two years over the next three years: 
when the former first graders finished fourth grade, their last posttest 
scores equaled the eighth graders' pretest scores. On part 2 of the test, 
children gained an average of 2.5 years growth by the end of the first 
year of school-wide implementation on the first posttest, for example, 
the third graders scored between the fifth and sixth graders' pretest 
scores and gained an extra 1.5 years over the next three years: former 
third graders, now finishing sixth grade, scored the same as ninth grad- 
ers on pretest. 

The relatively low scores on these tests is worth noting. Some of this 
low performance is due to the design of the instrument: since the same 
test was used across a wide range of grades, it was quite difficult for the 
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FIG. 5. Test score part 2 versus grade summed over 11 schools. See figure 4 for key to 
symbols. 

younger students. The test was also designed to measure what might be 
achieved under optimal conditions. The instrument was aimed at stu- 
dents who had completed 10 or more labs each year over several years. 
In fact, however, students in the study completed only about six labs 
per year on average. The rest of the curriculum was not significantly 
changed; the regular science and mathematics texts continued in use. 
We did find that students who did more labs scored better on the test, a 
finding that is not surprising since the teachers who did more labs may 
well have been better teachers on average, but that does suggest that 
better achievement is possible. 

Another noteworthy result of this study is that the relative gain the 
children made over the four years was not significantly correlated with 
either their socioeconomic status or their scores on standardized read- 
ing and mathematics tests. In other words, regardless of their initial read- 
ing and mathematics levels or their socioeconomic status, all schools 
achieved about the same relative growth. Similar results were revealed 
in the earlier study mentioned above (Goldberg and Wagreich 1990). 
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These positive effects on student achievement have been confirmed in 
other grant evaluations and in anecdotal observations of teachers and 
schools (Teachers Academy for Mathematics and Science 1995, 1996). 

While the benefits of the supplemental TIMS labs are clear, establishing 
a school curriculum that includes the labs and persists over time has been 
difficult. We conjecture that this difficulty can be traced to several factors: 
the materials are perceived as supplemental, they are considered to be 
science materials and, therefore, of little importance, and a great deal of 
professional development is required for most teachers to implement 
the materials. Another obstacle is teacher mobility. The TIMS longitudi- 
nal study found that 20 percent of Chicago-area teachers changed assign- 
ments each year (Goldberg 1993). Mathematics and science leaders of- 
ten left their schools, sometimes because of the very expertise they had 
developed by participating in the project. Thus, after a number of years, 
the number of teachers with the expertise to teach the materials dimin- 
ished below a critical mass, and the program gradually disappeared. 

One of the virtues of the labs that they are individual units that 
teachers can modify for use at a range of grade levels also turns out to 
be a weakness. Since schools usually use a textbook alongside the hands- 
on TIMS labs, teachers often decide on the placement of the labs on the 
basis of where the science content appears in the text. This placement of 
the lab may not promote the development of the mathematical ideas. 
Another significant danger is that teachers of different grades approach 
the analysis of the investigations in the same way, with no growth in 
mathematical sophistication. This problem is exacerbated by the unfor- 
tunate lack of communication among elementary school teachers about 

. . currlcu .ar lssues. 
Thus, faced with the difficulty of maintaining a quality integrated 

mathematics and science program that is based on supplementary ma- 
terials, by the end of the 1980s we were beginning to think of a more 
comprehensive way to implement an integrated curriculum. 

Math Trailblazers: A Comprehensive Curriculum 

During the late 1980s, the NSF recognized that large-scale implementa- 
tion of the NCTM Standards would require comprehensive reform cur- 
ricula. Ultimately, 13 major projects were funded for the purpose of cre- 
ating such curricula, three at the elementary level, and five each for the 
middle grades and high school. Two elementary projects began work in 
1990, one of which was the TIMS Elementary Curriculum Project. 

The foundation of a Standards-based mathematics curriculum is learn- 
ing mathematics by using it in context to solve meaningful problems. 
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Many and diverse contexts can be used. Our research on students using 
the TIMS labs had confirmed the value of science contexts for promot- 
ing the understanding of mathematics. Therefore, we believed that the 
labs would be a solid foundation for a fully integrated program. We also 
believed that the transition to a complete curriculum would not be dif- 
ficult. In reality, moving from supplemental integrated activities to a 
comprehensive integrated mathematics and science program proved to 
be more difficult than we anticipated. 

In 1997, after seven years of development, the TIMS K-5 mathematics 
curriculum was completed and published as Math Trailblazers: A Mathe- 
maticalJourney Using Science and Language Arts (Wagreich and TIMS Pro- 
ject Staff 1997). The original TIMS focus on science method and vari- 
ables is maintained in Math Trailblazers; we did not attempt to cover the 
entire ground of the science curriculum. Math Trailblazers, therefore, can 
only be considered as part of a school's science curriculum. Schools are 
likely to adopt Math Trailblazers as their complete mathematics program 
and as a supplement to their existing science program. Nevertheless, 
Math Trailblazers is probably as close to an integrated math and science 
program as is currently commercially available. Below we outline some 
of the issues we confronted as we developed this integrated program. 

The original plan: Science as the framework. In explaining their pro- 
posed approach to NSF, Wagreich and Goldberg (1989) stated that the 
curriculum would "use the existing TIMS materials as a conceptual and 
philosophical framework for organizing the curriculum.... Mathematics 
should become a living topic attuned to the world of science as well as 
the grocery store.... It may be too much to ask that children appreciate 
the beauty of abstract mathematics, but it is not too much to expect that 
they will appreciate the power and beauty of mathematics to explore and 
explain the world around them" (pp. 1, 5). 

The original organizational plan for the curriculum was to develop 
three horizontal strands: (1) experiments and activities, (2) problem 
solving, and (3) computational algorithms. The distribution of time 
among the three strands was to be approximately 50 percent on experi- 
ments and activities, 25 percent on problem-solving lessons, and 25 per- 
cent on computational algorithms. Several themes were to be developed 
throughout the curriculum: measurement, graphing, geometry, algebra, 
computation, ratio and proportion, probability and statistics, patterns 
and relationships, use of calculators, use of computers, coordinates, and 
percent. 

We planned to incorporate about 18 laboratory experiments in each 
grade, two per month, each one taking about a week. Each semester 
would start with an experiment involving data collection with a qualita- 
tive variable or discrete quantitative variable, followed by an experiment 

November 1997 197 

This content downloaded from 128.248.155.225 on Sat, 10 Oct 2015 23:15:21 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


The Quest for Curricular Integration 

involving length, then one involving area, and, finally, experiments with 
volume and mass. In addition, each year there would be one mapping 
experiment with coordinates. These experiments were the skeleton for 
the curriculum. Much of the rest of the curriculum was designed to pro- 
vide the mathematics that was needed to do the experiments. The plan 
was that many mathematical ideas would be developed in the course of 
the experiments. 

Some difficulties. This initial plan amounted to creating an integrated 
mathematics and science curriculum with an organization dictated 
largely by a particular sequence of science labs. As the pilot test of grades 
1-3 progressed, it became clear that, while there were many exciting 
things happening in classrooms using the draft materials, there were also 
some problems. 

A major difficulty was having students confront new ideas, often sev- 
eral new ideas, in the course of an experiment. If a mathematical idea 
had not been previously taught and thoroughly mastered, teachers often 
felt it necessary to interrupt the experiment and give a brief lesson on 
that idea. These minilessons disrupted the flow of the experiments and 
resulted in many taking much longer than planned. There was also a 
concern that students were learning to find best-fit lines, interpolate, ex- 
trapolate, and so on, in a procedural way, without understanding what 
they were doing, a phenomenon other researchers have also noted (see, 
e.g., Tyack and Cuban 1995, p. 64). 

Other significant problems also emerged. Sometimes the mathematics 
did not grow in a logical or developmentally appropriate way. The con- 
cerns expressed in the Cambridge conference about the possible "disrup- 
tion of a tightly organized mathematical sequence by an attempt to cater 
to the needs of science instruction" were being realized (Cambridge 
Conference on School Mathematics 1969, p. 8). Furthermore, there 
were significant gaps in the mathematics that students were learning, be- 
cause the laboratory experiments were not always the best contexts for 
developing important concepts and skills. 

Other problems were deciding when to introduce certain concepts 
and deciding how deeply students ought to understand concepts before 
being asked to apply them. In Doyle's (1988) terminology, we had over- 
estimated the amount of novel work we could introduce into classrooms 
that were accustomed to routine work. We were opposed to developing 
lessons for each separate skill that students would need to do an experi- 
ment, but it was apparent that skills and concepts could not be learned 
within the context of the laboratory experiments to the extent that we 
had anticipated. 

Reorganizing around mathematics. After almost two years of develop- 
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ment and field testing materials, the project decided in 1992 to change 
our approach so that the mathematics students needed to learn would 
provide the framework for the curriculum. Actually, since the original 
NSF request was for a mathematics curriculum and the realities of com- 
mercial publication required that the curriculum be considered a mathe- 
matics curriculum, we had other good reasons for this decision. 

Over time, our planning documents and scope and sequence began 
to look more like the thirteen NCTM curriculum standards. Next, suit- 
able science labs were integrated into the program and were adapted to 
promote the development of the mathematical ideas. Thus, the science 
was fit to the mathematics instead of the other way around. More atten- 
tion also was paid to the development of certain high-profile procedural 
skills. Science was still a major context for mathematical learning in 
each of grades 1-5, the curriculum incorporates 8-10 laboratory inves- 
tigations and many other activities that use the tools of the TIMS Labo- 
ratory Method but other contexts were also used for developing spe- 
cific concepts and skills. A serious attempt was also made to find the 
proper balance of new material, familiar material, and teacher scaffold- 
ing, though this has proved to be more art than science. 

Early evaluations of the materials have confirmed the benefits of the 
revised approach. In research conducted by Michelle Perry in two first- 
grade and two fourth-grade classrooms using pilot Math Trailblazers ma- 
terials, TIMS students outperformed other U.S. students on tests of 
mathematical understanding (Perry et al. 1994). First-grade TIMS stu- 
dents performed better than other U.S. students on seven of eight sub- 
tests and performed on a par with the U.S. sample on the eighth subtest. 
First-grade TIMS students also outperformed U.S. fifth-grade students 
on the geometry subtest. The fourth-grade students performed better 
than U.S. fifth-grade students in each of the subtests administered. 

Perry and her students also observed and analyzed teacher and stu- 
dent behavior in the pilot classrooms (Perry et al. 1996; Whiteaker and 
Perry 1997a, 1997b; Whiteaker et al. 1994). They examined three dimen- 
sions that were earlier associated with strong mathematical performance 
inJapanese classrooms: promotion of student reflection, use of manipu- 
latives and real-world scenarios, and mathematical coherence (Stigler 
and Perry 1988). The researchers reported that teacher and student be- 
haviors in the TIMS classrooms appeared much more like those in the 
Japanese classrooms than in typical U.S. classrooms. Teachers reported 
that changes in their teaching were facilitated by the curriculum. 

Internal evaluations conducted as part of the curriculum-develop- 
ment process found that Math Trailblazers students in grades 3 and 4 sig- 
nificantly outperformed a control group on a TIMideveloped test of 
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general mathematical knowledge (Burghardt 1994). Ongoing research 
is being conducted to replicate and extend the results of these early stud- 
ies, but the analysis so far seems to confirm the benefits of this integrated 
curriculum. Furthermore, as schools are just now beginning to imple- 
ment the published version of Math Trailblazers on a wider scale, re- 
searchers will soon have greater opportunities to investigate the benefits 
of the program. 

Lessons Learned 

Translating appealing generalities like the NCTM Standards into practi- 
cal programs is always difficult, but for integrated mathematics and sci- 
ence the difficulties are especially acute. Both the traditional mathemat- 
ics curriculum and the traditional science curriculum have expectations 
about what topics should be included at each grade. Trying to fulfill all 
those expectations is impractical, even if it were desirable. The kitchen- 
sink organization of most popular science textbooks is hardly suitable 
for an integrated program. Similarly, the well-articulated computation- 
oriented approach that is traditional in mathematics does not easily ac- 
commodate the complex problem situations of an integrated curricu- 
lum. A genuinely integrated mathematics and science program would 
resemble neither mathematics nor science as traditionally taught. 

While some of the difficulties we encountered in our quest for an in- 
tegrated math and science program doubtless resulted from the naivete 
of a group of mathematicians, scientists, and elementary school teachers, 
we believe our problems were not unique. This belief is confirmed by 
our reading of the literature about curriculum development and imple- 
mentation. We summarize here several lessons we have learned in our 
years of working with integrated mathematics and science materials, es- 
pecially lessons we have learned while attempting to develop a compre- 
hensive mathematics curriculum with strong connections to science. 

1. Developing effective integrated "replacement units" is relatively 
easy; the real challenge is developing a comprehensive integrated pro- 
gram. We have often seen teachers trying to build math and science cur- 
ricula by cobbling together a collection of replacement units or individ- 
ual modules and activities. While each of the pieces may have individual 
merit, our experience suggests that the sum of the parts rarely equals the 
whole that students need. Developing a comprehensive, well-articulated, 
integrated curriculum is difficult. If our experience is any guide, most 
school districts and teachers simply do not have the resources to do a 
good job. 

2. When integrating mathematics and science as part of a full curricu- 
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lum, the mathematics should form the organizational framework, not 
the science. One of the beauties of mathematics is how it builds on itself 
elegantly and logically. An integrated math and science curriculum 
needs to build from that structure. If one attempts to build an integrated 
curriculum with science as the core, our experience is that the mathe- 
matical development will be incoherent and will suffer significantly. 

3. Developing an integrated curriculum may be the easy part; imple- 
mentation of the program presents even greater challenges. Given the 
difficulties in writing an integrated mathematics and science curriculum, 
it is not surprising that such materials are rare. Supplemental materials 
do exist, but comprehensive integrated mathematics and science cur- 
ricula for the elementary school are not now commercially available and 
have only occasionally been available in the past. Writing an integrated 
curriculum, however, is only the first step; implementing such a curricu- 
lum is also difficult even more difficult than we anticipated. We dis- 
cussed above certain systemic hurdles that work against initial adoption 
of integrated curricula: separate adoption committees, misalignment 
with external assessment, and conflicting state and local curriculum 
guidelines. 

Other obstacles arise when an integrated curriculum reaches teachers. 
Many mathematics teachers lack sufficient content background in sci- 
ence and vice versa. Teachers, especially generalists in the elementary 
grades, may have their own mathematics or science anxieties, so that the 
prospect of teaching both subjects at once may be especially daunting. 
Many teachers lack experience in managing the hands-on, experimental 
approach of an integrated curriculum. Teaching for meaning, as in an 
integrated program, can also be more demanding than teaching proce- 
dures or facts by rote. Skill-and-fact-oriented curricula, as traditionally 
taught out of a textbook, give teachers a break from being "on stage" all 
day. New tools for students assessment also need to be learned and im- 
plemented. And because much of the math and science content of an 
integrated program is embedded in rich problem situations, it is often 
hard for teachers to perceive the underlying structure of the curriculum. 
Curriculum materials that are designed to promote teacher learning can 
help with these problems, although they probably cannot replace more 
traditional forms of staff development. 

But perhaps the most intractable difficulties facing an integrated 
mathematics and science curriculum have to do with traditional beliefs 
about school mathematics and science. Traditional school science un- 
dermines common sense by presenting results without reasons and, thus, 
disconnects science from mathematics, a discipline utterly dependent on 
reasoning. School science also fails to develop an understanding of the 
scientific method, which is fundamentally quantitative, again separating 
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science from mathematics. For its part, traditional school mathematics, 
with its overemphasis on abstraction and hand computation and its dis- 
regard of tools, has limited utility for science. Viewing mathematics as 
a collection of procedures to be learned and science as a collection of 
facts to be memorized obscures the common ground they share. That 
such views of mathematics and science are so common and so resistant 
to change is a major reason that progress toward integration has been 
so slow. 

We believe the work described in this article represents significant 
progress toward a comprehensive integrated mathematics and science 
program for the elementary school. First of all, we believe we have iden- 
tified a feasible basis for an integrated mathematics and science curricu- 
lum in the scientific investigation of everyday phenomena. Second, the 
comprehensive mathematics curriculum described above, while not a 
fully integrated, comprehensive mathematics and science program, is a 
major step toward such a program. The materials could be part of a com- 
prehensive integrated program if a coordinated science curriculum were 
written, a science curriculum that would include essential science facts 
and that would also build on the quantitative methods in Math Trailblaz- 
ers. Such an incremental approach, involving two complementary but 
independent curricula, would be easier for schools to adopt than a single 
program requiring greater changes all at once. Finally, these curricular 
materials, aligned as they are with reform recommendations in both 
mathematics and science, embody conceptions of mathematics and sci- 
ence that will help teachers develop more progressive beliefs about 
mathematics and science, thus removing a major obstacle in the quest 

. . 

tor lntegratlon. 
With this foundation, we can now shift our focus to examining what 

happens in schools as they implement this new integrated program. This 
next phase will help us better understand how integrating mathemat- 
ics and science affects students' learning and may provide indications 
whether math and science integration can become common practice in 
elementary schools or whether it will continue to be elusive. 

Note 

The preparation of this article and the development of the curriculum de- 
scribed in it have been supported by grants from the National Science Founda- 
tion (NSF), including MDR-9050226 and ESI-9550068. The views expressed in 
this article and in the curriculum do not necessarily reflect those of the NSF. The 
authors would like to thank our four anonymous reviewers. We greatly appreci- 
ated their thoughtful comments and constructive criticisms. 

202 AmericanJournal of Education 

This content downloaded from 128.248.155.225 on Sat, 10 Oct 2015 23:15:21 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Isaacs, Wagreich, and Gartzman 

References 

Adams, PatriciaA., ed. Overview: MINNEMAST. Minneapolis: MINNEMAST,1970. 
AIMS Education Foundation. Activities Integrating Mathematics and Science. Fresno, 

Calif.: AIMS Education Foundation,1987. 
American Association for the Advancement of Science (AAAS). Benchmarks for 

Science Literacy. New York: Oxford University Press, 1993. 
American Association for the Advancement of Science (AAAS). "Blueprints for 

Reform." Project 2061. Washington, D.C.: American Association of the Ad- 
vancement of Science, in press. 

Anderson,John R., Lynne M. Reder, and HerbertA. Simon. "Situated Learning 
and Education."EducationalResearcher25, no. 4 (1996): 5-11. 

Ball, Deborah Loewenberg, and David K Cohen. "Reform by the Book: What 
Is or Might Be the Role of Curricular Materials in Teacher Learning and 
Instructional Reform?" EducationalResearcher25, no. 9 (1996): 6-8. 

Baroody, ArthurJ., and Herbert P. Ginsburg. "The Relationship between Initial 
Meaning and Mechanical Knowledge of Arithmetic." In Conceptual and Proce- 
dural Knowledge: The Case of Mathematics, edited byJ. Hiebert. Hillsdale, N.J.: 
Erlbaum, 1986. 

Barr, Rebecca. "Conditions Influencing the Content Taught in Nine Fourth- 
Grade Mathematics Classrooms." Elementary SchoolJournal 88 (1988): 387-411. 

Begle, Edward G. "Some Lessons Learned by SMSG." Mathematics Teacher 66, no. 
3 (1973): 207-14. 

Berlin, D. F. A Bibliography of Integrated Science and Mathematics Teaching and Learn- 
ing Literature. School Science and Mathematics Association Topics for Teachers 
Series, no. 6. Columbus, Ohio: National Center for Science Teaching and 
Learning, 1991. 

Berlin, Donna F., ed. NSF/SSMA Wingspread Conference: A Network for Integrated 
Science and Mathematics for Teaching and Learning Conference Plenary Papers. 
School Science and Mathematics Association Topics for Teachers Series, no.7. 
Columbus, Ohio: National Center for Science Teaching and Learning, 1994. 

Berlin, Donna F., and Arthur L. White. "NSF/SSMA Wingspread Conference: A 
Network for Integrated Science and Mathematics for Teaching and Learning." 
School Science and Mathematics 92, no. 6 (1992): 340-42. 

Berlin, Donna F., and Arthur L. White. "Connecting School Science and Mathe- 
matics." In Connecting Mathematics across the Curriculum: 1995 Yearbook of the 
National Council of Teachers of Mathematics, edited by P. A. House and A. F. Cox- 
ford. Reston, Va.: National Council of Teachers of Mathematics,1995. 

Burghardt, Birch. "Results of Some Summative Evaluation Studies: 1993-1994 
Evaluation Report." A report to the National Science Foundation, 1994. 

Cambridge Conference on School Mathematics. The Report of the Cambridge Con- 
ference on the Correlation of Science and Mathematics in the School: Goals for the Cor- 
relation of Elementary Science and Mathematics. Boston: Houghton Mifflin, 1969. 

Davis, Robert B. "Reflections on Where Mathematics Education Now Stands and 
on Where It May Be Going." In Handbook of Research on Mathematics Teaching 
and Learnin$ edited by D. A. Grouws. New York: Macmillan,1992. 

Dewey,John. "Science as Subject-Matter and as Method." Science, n.s.,31, no.787 
(1910): 121-27. 

Dickey, Ed, Chris Brueningsen, Susan Butsch, Cindy Chapman, Miriam Leiva, 

November 1997 203 

This content downloaded from 128.248.155.225 on Sat, 10 Oct 2015 23:15:21 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


The Quest for Curricular Integration 

and Harry Tunis. Task Force on Integrated Mathematics: Report to the Board of Direc- 
tors. Reston, Va.: National Council of Teachers of Mathematics, 1997. 

Doyle, Walter. "Work in Mathematics Classes: The Context of Students' Thinking 
during Instruction . " Educational Psychologist 23, no. 2 (1988): 167- 80. 

Fey,James T. "Mathematics Education Research on Curriculum and Instruction." 
In Research in Mathematics Education, edited by R. J. Shumway. Reston, Va.: Na- 
tional Council of Teachers of Mathematics, 1980. 

Flanders, James R. "How Much of the Content in Mathematics Textbooks Is 
New?" Arithmetic Teacher35, no. 1 (1987): 18-23. 

Goldberg, Howard S. A Four Year Achievement Study: The TIMS Program. Chicago: 
University of Illinois at Chicago Institute for Mathematics and Science Educa- 
tion, 1993. 

Goldberg, Howard S. TIMS Laboratory Investigations. Dubuque, Iowa: Kendall/ 
Hunt, 1997. 

Goldberg, Howard S., and F. David Boulanger. "Science for Elementary School 
Teachers: A Quantitative Approach." American Journal of Physics 49, no. 2 
(1981): 120-24. 

Goldberg, H., and P. Wagreich. "A Model Integrated Mathematics Science Pro- 
gram for the Elementary School." InternationalJournal of Educational Research, 
14, no. 2 (1990): 193-214. 

Hiebert, James. "A Theory of Developing Competence with Written Mathemati- 
cal Symbols." Educational Studies in Mathematics 19 (1988): 333-55. 

Jacobs, Heidi Hayes. Interdisciplinary Curriculum: Design and Implementation. Alex- 
andria, Va.: Association for Supervision and Curriculum Development, 1989. 

Minnesota Mathematics and Science Teaching Project (MINNEMAST). MINME- 
MAST Coordinated Mathematics-Science Series. Minneapolis: University of Minne- 
sota, Minnesota School Mathematics and Science Center, 1969. 

National Advisory Committee on Mathematical Education (NACOME). Overview 
and Analysis of School Mathematics Grades K-12. Washington, D.C.: Conference 
Board of the Mathematical Sciences, 1975. 

National Council of Teachers of Mathematics (NCTM). Curriculum and Evalua- 
tion Standards for School Mathematics. Reston, Va.: National Council of Teachers 
of Mathematics, 1989. 

National Council of Teachers of Mathematics (NCTM) . Professional Standards for 
Teaching Mathematics. Reston, Va.: National Council of Teachers of Mathemat- 
ics, 1991. 

National Council of Teachers of Mathematics (NCTM). Assessment Standards for 
School Mathematics. Reston, Va.: National Council of Teachers of Mathematics, 
1995. 

National Research Council (NRC). National ScienceEducation Standards. Washing- 
ton, D.C.: National Academy Press, 1996. 

National Science Teachers Association (NSTA) . Scope, Sequence and Coordination of 
Secondary School Science. Vol. 1, The Content Core. Washington, D.C.: National Sci- 
ence Teachers Association, 1992. 

Olson, Lynn. "Teachers Need Nuts, Bolts of Reforms, Experts Say." Education 
Week, vol. 16, no. 31 (1997). 

Perry, Michelle, Greg L. Waddoups, and Mikka Whiteaker. Teaching Integrated 
Mathematics and Science (TIMS) in First- and Fourth-Grade Classrooms: An Initial 
Evaluation. Chicago: University of Illinois at Chicago Institute for Mathematics 
and Science Education, 1994. 

Perry, Michelle, Mikka Whiteaker, and Greg L. Waddoups. "Students' Participa- 

204 American Journal of Education 

This content downloaded from 128.248.155.225 on Sat, 10 Oct 2015 23:15:21 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Isaass) Wagreich) and Gartzman 

tion in a Reform Mathematics Classroom: Learning to Become Mathemati- 
cians." Paper presented at symposium, Effects of Reform Mathematics Cur- 
ricula on Children's Mathematical Understanding. Annual meeting of the 
American Educational Research Association, New York, April, 1996. 

Pollak, Henry O. "The Mathematical Sciences Curriculum K-12: What Is Still 
Fundamental and What Is Not." A report to NSB Commission on Precollege 
Education in Mathematics, Science, and Technology. Washington, D.C.: Na- 
tional Science Foundation, 1983. 

Porter, Andrew. "A Curriculum Out of Balance: The Case of Elementary School 
Mathematics." Educational Researcher 18, no. 5 (1989): 9-15. 

Resnick, Lauren B., Sharon Lesgold, and Victoria Bill. "From Protoquantities to 
Number Sense." A paper prepared for the Psychology of Mathematics Educa- 
tion Conference, Mexico City, 1990. 

Romberg, Thomas A. "Problematic Features of the School Mathematics Curricu- 
lum." In Handbook of Research on Curriculum, edited by P. W.Jackson. New York: 
Macmillan, 1992. 

Romberg, Thomas A., and Fredric W. Tufte. "Mathematics Curriculum Engineer- 
ing: Some Suggestions from Cognitive Science." In The Monitoring of School 
Mathematics: Background Papers, vol. 2, edited by T. A. Romberg and D M. Stew- 
art. Madison: Wisconsin Center for Education Research, 1987. 

Schmidt, William H., Curtis C. McKnight, and Senta A. Raizen. A Splintered Vision: 
An Investigation of U.S. Science and Mathematics Education. Norwell, Mass.: Klu- 
wer, 1997. 

Schoenfeld, Alan. H. "When Good Teaching Leads to Bad Results: The Disas- 
ters of 'Well-Taught' Mathematics Courses." Educational Psychologist 23, no. 2 
(1988): 145-66. 

School Mathematics Study Group. Mathematics through Science. Palo Alto, Calif.: 
School Mathematics Study Group, Stanford University, 1963. 

Shavelson, Richard. "The Splintered Curriculum." Education Week 16, no. 32 
(1997): 38. 

Slavin, Robert E. "On Making a Difference." Educational Researcher 19, no. 3 
(1990): 30_34. 

Stedman, Lawrence C.4'International Achievement Differences: An Assessment 
of a New Perspective." Educational Researcher 26, no. 3 ( 1997): 4-15. 

Steen, Lynn A. "Integrating School Science and Mathematics: Fad or Folly?" In 
NSF/SSMA Wingspread Conference: A Network for Integrated Science and Mathemat- 
ics for Teaching and Learning Conference Plenary Papers. School Science and 
Mathematics Association Topics for Teachers Series, No. 7, edited by D. Berlin. 
Columbus, Ohio: National Center for Science Teaching and Learning, 1994. 

Stigler, James W., and Michelle Perry. "Mathematics Learning in Japanese, Chi- 
nese, and American Classrooms." In Children's Mathematics, edited by G. B. Saxe 
and M. Gearhart. New Directions for Child Development, no. 41. San Fran- 
cisco:Jossey-Bass, 1988. 

Suydam, Marilyn N. "The Case for a Comprehensive Mathematics Curriculum." 
Arithmetic Teacher 26, no . 6 ( 1 979 ): 1 0 - 11. 

Teachers Academy for Mathematics and Science. "1995 IGAP Math Study." 
Evaluation report, 1995. 

Teachers Academy for Mathematics and Science. "1996 IGAP Math Study." 
Evaluation report, 1996. 

Tyack, David, and Larry Cuban. Tinkering toward Utopta: A Century of Public School 
Reform. Cambridge, Mass.: Harvard University Press, 1995. 

November 1997 205 

This content downloaded from 128.248.155.225 on Sat, 10 Oct 2015 23:15:21 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


The Questfor Curricular Integration 

Unified Science and Mathematics for Elementary Schools. Unifed Science and 
MathematicsforElementary Schools. Newton, Mass.: Education DevelopmentCen- 
ter, 1977. 

Wagreich, Philip, and Howard Goldberg. "A Modern K- 6 Mathematics Curricu- 
lum Based on Integrating Mathematics and Science." A proposal to the Na- 
tional Science Foundation, 1989. 

Wagreich, Philip, and TIMS Project Staff. Math Trailblazers: A MathematicalJourney 
Using Science and Language Arts. Dubuque, Iowa: Kendall/Hunt, 1997. 

Whiteaker, Mikka, and Michelle Perry. "Developing Mathematical Knowledge 
and Knowledge about How to Participate in Two First-Grade Classrooms." 
University of Illinois at Urbana-Champaign, 1997. (a) 

Whiteaker, Mikka, and Michelle Perry. "The Development of Shared Under- 
standing in Two First-Grade Mathematics Classrooms." Poster presented at an- 
nual meeting of the American Educational Research Association, Chicago, 
1997. (b) 

Whiteaker, Mikka, Greg L. Waddoups, and Michelle Perry. "Implementing a New 
Mathematics Curriculum: Constructing Models for Success." Paper presented 
at annual meeting of the American Educational Research Association, New Or- 
leans, 1994. 

206 American Journal of Education 

This content downloaded from 128.248.155.225 on Sat, 10 Oct 2015 23:15:21 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 179
	p. 180
	p. 181
	p. 182
	p. 183
	p. 184
	p. 185
	p. 186
	p. 187
	p. 188
	p. 189
	p. 190
	p. 191
	p. 192
	p. 193
	p. 194
	p. 195
	p. 196
	p. 197
	p. 198
	p. 199
	p. 200
	p. 201
	p. 202
	p. 203
	p. 204
	p. 205
	p. 206

	Issue Table of Contents
	American Journal of Education, Vol. 106, No. 1, Reforming the Third R: Changing the School Mathematics Curriculum (Nov., 1997), pp. 1-239
	Front Matter
	Reforming the Third R: Changing the School Mathematics Curriculum: An Introduction [pp. 1-4]
	The Technological Revolution and the Reform of School Mathematics [pp. 5-61]
	Applications in the Secondary School Mathematics Curriculum: A Generation of Change [pp. 62-84]
	Theories and Practices of Thinking and Learning to Think [pp. 85-126]
	The Influence of Programs from Other Countries on the School Mathematics Reform Curricula in the United States [pp. 127-147]
	Designing a High School Mathematics Curriculum for All Students [pp. 148-178]
	The Quest for Integration: School Mathematics and Science [pp. 179-206]
	The Challenges of Implementation: Supporting Teachers [pp. 207-239]
	Back Matter



