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As another example, compare the accidental death rates between Arkansas
and Hawaii in 1996. Arkansas has a higher accidental death rate than Hawaii
(36 vs. 18) per 100,000 registered vehicles. But Hawaii has a higher accidental
death rate than Arkansas (35 vs. 7) per 1,000 miles of road (U.S. Statistical
Abstract, 1998, Tables 143, 1019 and 1029). Once again students see that
the choice of the unit of measure not only changes the size of a statistic—it
can influence the direction of an association. If students are to be statistical-
ly literate, they must understand that the numerator and denominator can be
linked by the choice of the denominator—not just by the size of the unit in the
denominator.

Scaling is mathematical. But if students are to be quantitatively literate,
they need to learn that the choice of the group—the basis of a comparison—
can strongly influence the size of a number or a statistic. Teaching fractions as
having an independent numerator and denominator overlooks this dependency
on context: a material element that is critical in the real world—and in the
conditional probability of statistics.

It may be helpful for mathematical educators to use this focus on context
to categorize the transformation of ratios. Consider three groups: numerator is
directly proportional to denominator (shifting a rate from per 100 to per 1,000:
mathematical scaling), numerator is independent of the denominator (shifting
the birth rate from all people to just women), and the numerator is related to
or dependent on the denominator but not directly proportional (shifting the ac-
cident rate denominator from registered vehicles to miles of road). By focusing
just on the first group, students may have been denied access to more complex
applications of mathematics that are relevant in everyday life.

Weighted averages provide another way to introduce abstraction. One
wonders why the weighted average of counts in separate group, [(a/b), (c/d)], is
not included as (a+c)/(b+d) since the weighted average is a real and valuable
concept in everyday life. For example, if there are 30 smokers among 90 men
and 5 smokers among 10 women, then there are a total of 35 smokers among
these 100 individuals: 35% of these people are smokers. Note that the 35% is
the average of the 33% among men and the 50% among women weighted for
the mixture of men (90%) and women (10%): 0.9%*33% + 0.1*50% = 35%.

In quantitative literacy, context counts. Even if ratios in context were infe-
rior to mathematical objects such as common fractions in terms of introducing
students to symbolic notation and abstraction, the benefits from a heightened
focus on context along with improved teacher understanding and persuasive-
ness, from improved parental involvement and from increased student aware-
ness of their benefits might more than compensate for their formal weaknesses
having less emphasis on symbolic notation.
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7. Identify places in the curriculum to introduce or embed the study of
fractions in context. Eliminating the abstract algebra-like manipulation of
common fractions in elementary schools may be overly drastic at this time.
Consider three alternatives. The first is for all students taking mathematics in
middle school. The last two are alternatives to algebra II for those students not
planning on attending college or who are planning on non-quantitative majors
in college—majors such as English, elementary education, history, political
science, communications, journalism, music, art or philosophy.
e Introduce rates and percentages as presented in tables and graphs in
middle school as a pre-algebra bridging course: a supplement to—or
an application of—fractions.

e Introduce a Quantitative Literacy course as an alternative to algebra II.
According to Gillman (20006), “there is consensus that the mathematical
skills necessary to be quantitatively literate include elementary logic,
the basic mathematics of financial interest, descriptive statistics, finite
probability, an elementary understanding of change, the ability to
model problems with linear and exponential models, estimations and
approximation, and general problem solving.” For more on such a
course, see Gillman (2006) and Madison (2006).

e Introduce a Statistical Literacy course—evaluating statistical associa-
tions as evidence for causal connections—as an alternative to AlgebraIl.
In addition to teaching students about rates, percentages, comparisons
and standardization as devices for taking into account the influence
of context, Statistical literacy could include a stronger focus on the
influence of chance and include the influence of social construction
—the choices made in defining groups or measures, in combining
subgroups and in presenting statistical results in graphs, tables and in
words. See Best (2001, 2002, 2004 and 2007) and Schield (2007a).
For an overview of a Statistical Literacy course, see Schield (2004a,
2007b) and Isaacson (2005). This statistical literacy course could serve
as a bridging course for those students wanting to take AP Statistics in
high school.

8. Identify and teach topics that college students in non-quantitative majors
need to master at the school level and which are currently not being taught
there. Mastering percentages, rates and weighted averages allows students to
take on more subtle mathematical and statistical topics that are commonly

found in the everyday media, such as:
o Simpsons paradox: Suppose that a city hospital has a higher death
rate among patients than does a rural hospital. But when patients are



Schield: Quantitative Literacy and School Mathematics 105

classified as being in either good or fair condition, patients in each
condition have a lower death rate at the city than at the rural hospital
(Schield 2006b).

e Standardization: Standardization takes into account the influence of a
confounder using algebra or a graphical technique. Given the average
family income for white and black families by type of family (single
parent vs. married couple) and given the percentage of married couple
families in each race, what percentage of the U.S. black-white family
income gap is explained by differences in family structure? (Schield
2006b).

e Cases attributable: In the U.S. in 2003, the poverty rate was 25% in
single-parent homes (5% in married-family homes). There are 4.5
million single-parent homes. How many of the single-parent families in
poverty are attributable to their being a single-parent family? (Schield
2004b).

e Bayes comparison: Men are 94% of those in prison but 49% of the U.S.
population so men are almost twice as prevalent among those in prison
as among those in the general population. Using Bayes rule, we can
conclude that men are almost twice as likely to go to prison as are those
in the general population (Schield 2004b).

Conclusion

In preparing students for four-year colleges, school mathematics educators
must justify their choice of topics and pedagogy for the 40% of college stu-
dents who will graduate in non-quantitative majors. Satisfying the needs of this
group is critical. These students are more likely to become journalists, policy
advocates, lawyers, opinion makers and political leaders, thereby influencing
local and national policies. College students in non-quantitative majors need
quantitative literacy—even if they cannot (and need not) solve a quadratic
equation or factor a cubic expression.

Whenever possible, school mathematics educators should look for ways to
use context (the quantitative elements of everyday life) to drive the choice of
quantitative topics rather than selecting mathematical topics and then looking
for contexts in which it is used. Mathematics educators should focus more on
those mathematical topics that are encountered most often in everyday con-
texts and that teachers in all majors can understand and will expect of their stu-
dents. “Mathematics in context” should focus less on going from mathematics
to context and focus more on going from context to mathematics.



106 Calculation vs. Context

In short, describing, comparing and standardizing percentages, rates and
averages in context—in graphs, in tables and in ordinary English statements—
should be an important element in the “mathematics in context” curriculum for
both primary and secondary school students.
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