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Overview of the Literature

The fidd of integrated mathematics and science education is not new. Since the beginning
of the 20™" century, the integration of mathematics and science education has been suggested as a
promisng path toward improved student undersanding of, performance in, and attitude toward
both subject areas. Having spent over 15 years acquiring and reviewing the literature rdlated to the
integration of methematics and science education has resulted in the amassng of over 600
citations. To characterize this robust body of literaiure, five categories were chosen: Curriculum,
Ingruction, Research, Curriculum+Ingruction, and Curriculum-Evduation. A narow definition of
curriculum, i.e, the intended learnings or the outcomes of beng educated, was used. Citations in
the Curriculum section primarily ded with the content in a course or a group of courses or Smply
put “what sudents are taught.” Indruction is the process of implementing the curriculum and dedls
with pedagogy, drategies, and activities The Research section deds with theoreticd models,
concept papers, empirical ressarch, and reviews of research. Two additiond sections focus
oecificdly on curriculum programs. The Curriculum-Ingruction  section indudes  ingructiond
activities and the Curriculum-Evauation section indudes evauaion informetion, both related to
specific curricullum programs. The initid review of the literature spanned the years 1905 through
1991 and induded 555 citations (see Berlin, 1991). The years 1992 through the firg six months of
1999 incdude an additiond 210 dtations (see Belin, 1999). Clealy, the las 6 Y2years has
witnessed a tremendous growth in articles focused on the integration of mathematics and science
education. The number of atides published in the lagt 6 Y3years was nearly 40% of the number of
artides published in the preceding 87 years.

Returning to the section divisons, one finds a condgtent pettern for nearly 100 years —
goproximately 50% of the documents are categorized as indructiond. There is an abundance of
published drategies and activities to integrate mathematics and science education. However, most
of the indructiond activities are primarily stence adtivities or lessons that indude mathematics:
related concepts. These science activities are most often found in the journds published by the
Nationd Science Teachers Associdion, incdluding Science and Children, Science Scope, and the
Science Teacher. The sdence processes of dassfying, collecting and organizing data,
communicating, controlling varidbles, devdoping modds, experimenting, infaring, interpreting
data, measuring, observing, predicting, and space-time reationships are most frequently cited in
the ingructiond literature. The mogt frequent mathematics concepts and skills mentioned include
angular messurement, edimation, formulas and eguations, fractions functions geometry,
graphing, modding, paiterns, percentage, probability and datidics, problem solving, raio and
proportion, and variable. The mathematics concepts are sometimes but not often explicitly sated as
objectives, paticulaly in the stence-based activities. Activities or lessons reated to both
mathematics and sdence can be found in other journds induding School Science and
Mathematics and journds published by the Nationd Council of Teachers of Mathematics such as
the Arithmetic Teacher, Teaching Children Mathematics, Mathematics Teaching in the Middle
School, and the Mathematics Teacher. The aforementioned concepts, skills, and processes for
mathematics and science ae do often the bass for the curriculum and the indructiond activities
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developed for specific projects, eg., Activities Integrating Math and Science (AIMS); Great
Explorations in Math and Science (GEMS); Integrating Mathematics, Science, and Technology
(IMaST); Minnesota Mathematics and Science Teaching Project (MINNEMAST); Teaching
Integrated Mathematics and Science (TIMS); and Unified Science and Mathematics for
Elementary Schools (USMES).

As one reviews the literature by category, another interesting pettern is reveded. The
Research section, including theoreticadl models, concept papers, and empirical research, condgts of
the amdlest percentege of citations. For the first 87 years, only 7% of the documents were in this
caegory. Furthermore, many of the documents induded in this section were only tangentidly
related to integrated mathematics and science education. For example, a number of research sudies
rdlaed mathematics skills such as consarvetion, seriation, grgphing ability, proportiona reasoning,
and spatid ability to sience achievement. Since 1991, the Research section has advanced to 17%
of the citations or 36 aticles. Further exploration into the nature of the updated Research section
suggests a grouping based on theoreticd modelS/concept papers, empiricd  research, and
tangentidly-related empirica research.  This subgrouping reveds that the number of theoreticd
models and concept papers related to integrated mathematics and science education represents
more than hdf of the Research section (20 dtations). Unfortunady, one 4ill finds a criticd
shortage of literature focused on empiricd research (12 citations, 6% of the totd dtations). Only 4
of the aticles liged in the Research section are dasdfied as tangentidly rdaed to integrated
mathematics and science education, eg., research rdaing the development of graphing sills to the
use of microcomputer-based science |aboratories.

Snce a review of dl the literature related to mathematics and science education is well-
beyond the scope of this paper, the focus will be on an andyds of various theoreticd modds This
discusson will st the dage for the BelinWhite Integrated Science and Mathematics Modd
(BWISM), an interpretative or framework theory, not a normaive goa-directed theory. As an
interpretive or framework theory, BWISM is desgned to describe or characterize the integration
of stence and mathemdtics education, not specify gods rdated to successful integration.
Therefore, BWISM is meant to be used and interpreted by researchers and practitioners within
the context of their own cognition and experience.

One has litle difficulty finding proponents of mathematics and sdence integration.

Current reform documents in the United States recommend integration of content and ingtruction
in a changing curriculum. Documents such as Curriculum and Evaluation Sandards for School
Mathematics (Nationd Council of Teachers of Mathematics, 1989); Principles and Sandards for
School Mathematics: Discussion Draft (Nationd Council of Teachers of Mathematics, 1998);
Reshaping School Mathematics. A Philosophy and Framework for Curriculum (Nationd
Research Council, 1990); Science for All Americans (Rutherford & Ahlgren, 1990); Benchmarks
for Science Literacy (American Asodidion for the Advancement of Science, 1993); and
National Science Education Sandards (Nationd Research Council, 1996); recognize the
integration of mathematics and science as a necessary component of reform.,
Snce mathematics is both the language of science and a science of paitems the specid links
between mathematics and science are far more than just those between theory and gpplications.
The mehodology of mahematicd inquiry shares with the sdentific method a focus on
exploration, invedigetion, conjecture, evidence, and reesoning. Frmer school ties between
stience and mahematics should especidly help students grasp of both fidds. (Nationd Research
Council, 1990; pp.44-45)

Although the area of integrated mathematics and science education is not new as evidenced
by writings dating back to 1905, it is complex, not well defined, and inadequately studied. The
literature in the last decade hes increesingly focused on defining integrated mathematics and

58



stience education through theoreticd modds An ealier theoreticd modd, posted by the
participants of the Cambridge Conference on Integration of Mathematics and Science Education
held in 1967 (Educaion Devedopment Center, 1970), defined five categories of interaction
between mathematics and science. These categories include: math for math, math for science, math
and science, stience for math, and science for science. Brown and Wall (1976) fashioned these
categories into a continuum condsing of meathemétics for the ske of mathematics mathematics
for the sake of science mathematics and science in concert, science for the sake of mathemdtics,
and science for the sake of stience. Recent theoreticad modds have used this same continuum with
minor wordsmithing. For example, Lonning and DeFranco (1997) describe their continuum as
independent mathematics, mathematics focus, baanced mathematics and stience, stience focus,
and independent science. Similarly, Huntley (1998), usng an interesing foreground/background
andogy, suggests a continuum from mathematics for the sake of mathemaics mathematics with
stience, mathematics and science, stience with mathematics, and science for the ske of science.
Findly, Roebuck and Warden (1998) modify the Brown and Wal continuum to incdlude meth for
math's sake, science-driven math, mathematics and science in concert, math-driven science, and
stience for science's sake. Only one recent theoreticad modd, the Berlin-White Integrated Science
and Mathematics (BWISM) Modd (Berlin & White, 1994), uniquely describes the center of the
continuum, mathematics and science.

Berlin-White Integrated Science and M athematics Modd (BWISM)

The BelinWhite Integrated Science and Mathematics Modd has been recognized in both
the mathematics and science education communities (Berlin & White, 1994, 1995, 1998). Evolving
over a period of 15 years it reflects and combines multiple perspectives and endeavors, including
empiricd reseerch, a comprehensve review of the literature, the perspectives of the mathemaics
and sdence communities, curriculum research and development projects, and vaued dassroom
practice. With Nationd Science Foundation support, a 1991 nationd levd conference on the
integration of mahematics and stence education (Berlin, 1994; Belin & White, 1992) further
helped to delineate the multiple aspects of the BWISM modd.

The BelinWhite Integrated Science and Mathemaics Modd indudes sx aspects (@)
ways of learning, (b) ways of knowing, (c) content knowledge, (d) process and thinking skills, (€)
attitudes and perceptions, and (f) teeching Srategies.

Ways of learning. Integration can be based on how students experience, organize, and think
about science and mathematics. Based on a congructivist/ neuropsychologica perspective or
rationale, sudents must do science and mathematics and be actively involved in the learning
process.

Ways of knowing. Integrated school science and mathematics can reinforce the cydlica
relationships between inductive-deductive and quditative- quantitative views of theworld. In
stience and mathematics, new knowledge is often produced through a combination of
induction and deduction. For this discussion, induction means looking at numerous examples
to find a pattern (quaitative) thet can be trandated into arule (quantitative). The gpplication
of thisrulein anew context is deduction.

Content knowledge. Science and mathematics can be integrated in terms of content thet is
overlapping or andogous. Big ideas or themes such as change, consarvation, models,
patterns, scale, symmetry, and systems can befound in both science and mathematics. The
examination of concepts, principles, laws, and theories of science and mathematics reved
ideas that are unique to each discipline and idess that overlgp or are andogous (eg., the
fulcrum of alever and the mean of adigribution).
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Process and thinking skills. Integrated science and mathematics can develop processes and
killsrelaed to inquiry, problem-solving, and higher-order thinking skills. Integration of
stience and mathemetics can focus on ways of collecting and using informetion gathered by
investigation, exploration, experimentation, and problem solving. Skills such as dassfying,
collecting and organizing data, communicating, contralling variables, developing models,
esimating, experimenting, grgphing, hypothesizing, inferring, interpreting data, measuring,
observing, predicting, and recognizing patterns are representative of this aspect.

Attitudes and perceptions. Integration can be viewed from what children believe about
stience and mathemdtics, their involvement, and their confidence in thair ability to do
stience and mathematics Smilarities and differences rdated to stientific and methematical
attitudes/perceptions or 'habits of mind' can be identified. The vaues, atitudes, and ways of
thinking shared between science and mathemati cs education include accepting the changing
nature of science and mathemétics, basing decisons and actions on data; a desire for
knowledge: a hedthy degree of skepticism, honesty, and objectivity; relying on logicd
reasoning; willingness to consider other explanations; and working together to achieve better
underganding.

Teaching strategies. Integration can be viewed from the teaching methods vaued by both
science and mathematics educators. Integrated science and methemetics teaching should
indude a broad range of content, provide time for inquiry-based learning and problem
solving, provide opportunities to use laboratory ingruments and other tools, provide
appropriate uses of technology (e.g., caculators and conputers), encourage cooperdtive
learning, embed assessment within ingtruction, and maximize opportunities for successful
connections between science and mathematics.

Some of the agpects namdy, ways of learning, attitudes and perceptions, and teaching
drategies, are not unique to integrated mathematics and science education. However, they often
ae found in the desriptions of integrated mathematics and science activities or integrated
mathematics and science curriculum programs.  These agpects may be percelved as necessary
for effective integration, but in no way are they suffident conditions Ways of knowing, content
knowledge, and process and thinking skills are the subgstantive and cogent aspects reated to
integrated mathematics and science teaching and learning.

The identification and daboration of these agpects is meant to daify the characteridics
in condant interplay in defining integration. It is expected that the red vdue will be in
identifying the links and overlgp among the aspects rather then atending to them in isolation.
The BWISM Modd is dedgned to provide a conceptua base and a common language thet
advances the research agenda, to serve as a template for characterizing current resources, and to
guide in the devdopmett of new materids rdaed to integratled mathematics and science
teaching and leaming. The Belin-White Integrated Science and Mahemaics Modd is an
interpretive or framework theory. The vaue of an interpretive or framework theory cannot be
determined by tedting, but rather is judged by communication and implementation. To assg in
the use of the BWISM Modd, a checklis-type template dso has been developed to identify the
rlevant aspects of mathematics and stience integration that ae directly obsarvable in an
integrated mathematics and science lesson or activity.

Classroom Example: Natural Selection
As an example of an integrated mathemdtics and science activity, we have dated with a
commonly taught science lesson on naturd selection. The science concepts and processes involved
in this lesson incdude collecting and orgenizing deta, diversty and adgptation, genetic variation,
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hypotheszing, interpreting data, messuring, modding, obsarving, organiams and  ther
environment, and prediction. The activity provides a naturd and logicad connection between the
teaching and learning of mathematics and stience. The mathematics concepts and kills involved
in this aivity indude aea messurement; graphing; nondandard and Sandard  units  of
measurement; ratio and proportion; percentage;  probability; randomization; and  sampling,
measurement, and expeimenter eror.  Maeids needed for this activity indude three
environments that are three sheets of 8 ¥ 11 inch white paper, one with two black squares, one
with a black cirde, and one with a black irregular shape on it (see Figures 1 to 3); a supply of
black-colored and white colored hole punches;, an 8 ¥x 11 inch box with a lid (boxes from a copy
dore work wel); graph paper; and a transparent centimeter grid.  The following worksheets are
used by sudents in a cooperative group setting to teech mathematics and science together (see
Figures 4 to 6). After the sudents have completed the activity, each group shares ther data from
their Group Data Record sheet. Discussons rdlated to ratios and proportions (e.g., white bugs to

black bugs, white bugs to tota bugs, black bugs to tota bugs, white area to black area, white area
to totd area, and black area to tota area) become meaningful in the context of this activity. Smdll
group and whole dass discussons can seamlesdy flow between mathematics and science.

To characterize this integrated mathematics and science activity, we have used the BWISMV
template (sse Fgure 7). This template highlights the characteridics tha are inherent in this

activity with respect to five of the BWISM aspects. ways of knowing, content knowledge, process
and thinking sKills, atitudes and perceptions, and teaching draiegies The sxth BWISM aspect,
ways of leaning, is not included in the template as it is a rationde supportive of the other aspects.
This exedse can be usful in planning indruction, sdecting and developing activities, and the
compodite may serve as an operaiond definition to support and promote future empirica research.
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