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The difference between numeracy and elementary mathematics is analogous to the difference between quantitative literacy and mathematical literacy. Since the relationship between these two forms of literacy will underlie much of our discussion in the next few days, let me describe the differences in the more general context of literacy. Although there are no universal definitions of quantitative and mathematical literacy, there is much overlap between people’s working definitions. The most important difference between the two forms of literacy is that quantitative literacy puts more emphasis on context, while mathematical literacy puts more emphasis on abstraction.

Quantitative Literacy: A Habit of Mind
Quantitative literacy, in my view, is the ability to identify, understand, and use quantitative arguments in everyday contexts. An essential component is the ability to adapt a quantitative argument from a familiar context to an unfamiliar context. Just as verbal literacy describes fluency with new passages, so quantitative literacy describes fluency in applying quantitative arguments to new contexts.

Quantitative literacy describes a habit of mind rather than a set of topics or a list of skills. It depends on the capacity to identify mathematical structure in context; it requires a mind searching for patterns rather than following instructions. A quantitatively literate person needs to know some mathematics, but literacy is not defined by the mathematics known. For example, a person who knows calculus is not necessarily any more literate than one who knows only arithmetic. The person who knows calculus formally but cannot see the quantitative aspects of the surrounding world is probably not quantitatively literate, whereas the person who knows only arithmetic but sees quantitative arguments everywhere may be. 

Mathematical Literacy

A mathematically literate person, on the other hand, grasps a large number of mathematical concepts and can use them in mathematical contexts, but may or may not be able to apply them in a wide range of everyday contexts. A quantitatively literate person may know many fewer mathematical concepts, but can apply them widely.

Numeracy & Elementary Mathematics

Similarly, numeracy involves being able to identify, understand, and use numerical arguments in varied everyday contexts. Numeracy requires both knowing elementary mathematics and understanding it well. Adopting this definition, those who know arithmetic only as algorithms to be memorized are clearly not numerate. Numeracy insists on understanding. This understanding must be flexible enough to enable its owner to apply numerical ideas in new contexts as well as in familiar contexts. Numeracy is not about how much elementary mathematics a person knows but about how well it can be used. 

Examples Characterizing Numeracy

As an example of the distinction between numeracy and elementary mathematics, consider the following example. During the lorry drivers’ strike over the price of petrol in Britain in the fall of 2000, a caller to the US radio program The Talk of the Nation
 pointed out that a tax of £8 out of £10 spent on gas is a 400% tax, not the 80% tax that the British Government was claiming.
 He demonstrated numeracy when he saw the relationship between £8 and £10 and the comparison to US sales tax. Later I discussed this example with a group of US students who all knew what 8 percent was of 10, and what percent 8 was of 2. However most could not see where the caller got 400% and 80%. By conventional measures, these students knew elementary mathematics—they could do computations and had passed the mathematics courses needed to become teachers of mathematics—but they were not numerate. 

As another example, consider the following data collected by the Los Angeles Police Department (LAPD) from January to June of 2004.
 What do the data tell us about racial profiling?

	LAPD motor vehicle stops resulting in search, 

01/01/04-06/30/04

	
	Race of driver
	

	
	White
	African-American
	

	Searched
	5849
	9882
	15731

	Not searched
	100255
	39557
	139812

	
	106104
	49439
	155543


For now we overlook the affect of random variation on these numbers, and consider only the mathematics. To answer the question about racial profiling, one must first be familiar enough with the context to know that the issue is whether African-American drivers are searched in greater proportions after they are stopped than are white drivers. Some students may feel that the fact 9882 is larger than 5849 is evidence of racial profiling.  Others may see evidence in the fact that 5849/155543 = 3.8% and 9882/155543 = 6.4% and 6.4% is larger than 3.8%. These students may or may not know elementary mathematics, but they are not numerate.

Other students may compare the percentages 5849/106104 = 5.5% and 9882/49439 = 20.0%; or other pairs of percentages such as 9882/15371 = 62.8% and 39557/139812 = 28.3%.  For students who understand what these percentages tell us, the difference in the percentages (5.5% versus 20.0%, or 62.8% versus 28.3%) suggests that race is playing a role in motor vehicle searches. Students who make this analysis can be considered numerate. Of course, a full analysis, using the fact that the samples are large and the percentages are not close, invokes statistical reasoning. 

The fact that the LAPD numbers are “messier” than those in the petrol tax example may make it hard to tell if students know elementary mathematics. Almost all of today’s students will do the division using a calculator, and a few may even resort to a calculator to convert 0.055 to 5.5%, etc. Thus, this example probably will not tell us whether students can do division.  However, the “messiness” does have the effect of showing us whether students’ understanding of the context is robust. Some students who could have answered correctly, and with some understanding, if the numbers were smaller will be unable to answer here. On the other hand, students for whom this context is vivid—minority students who feel that they have been searched unfairly, for example—often show immediate insight into the data and are more likely to answer correctly than if a similar mathematical question were asked in another context. This illustrates how the context can affects a student’s ability to apply mathematics. 

Effect of Context

Some years ago I did an experiment to illustrate the effect of context at the algebra-trigonometry level. I created two sets of mathematically identical problems in two different contexts, one everyday (e.g., using the Pythagorean Theorem to find the distance to grandma's home) and one scientific (e.g., using the same theorem to find the distance between atoms). However, no scientific knowledge was necessary and the problems were not complicated. Students first did the everyday problems and then the scientific set, recording their thoughts on audiotape. None of the students realized that the two sets of problems were fundamentally the same. There were numerous instances in which a student could do a problem on the first set, but not the corresponding problem on the second set. The audiotape made vividly clear how the unfamiliar scientific context hindered students’ thinking.

The Need for Estimation 

The “messiness” of the numbers in the LAPD example also shows us which students can make approximations. Whether or not this skill is part of elementary mathematics may be debated; however it is essential for numeracy. A fully numerate student will look at the LAPD data and see, for example, that whites are searched at a rate of about 6000 out of 100,000, or 6%, while African-Americans are searched at rate of about 10,000 out of 50,000, or 20%. The fact that these percentages are sufficiently different suggests that the race may be affecting the search rate. 

A journalist, asked what quantitative skills are necessary to understand the news, agreed on the need for estimation: 

In journalism we tend to use statistics frequently…….. I believe it is important to learn the implications of statistics, what you can and cannot learn from it…… 

I think an important tool is the ability to guesstimate or have a rough idea of the outcomes of arithmetic and algebraic problems: the ability to roughly convert measurements, to understand how interest is calculated, to understand relationship of time, distance and speed, and so on.….. I notice that many people, some quite intelligent, do not have these tools……

In conclusion, whether or not it is considered part of elementary mathematics, fluency with estimation is central to numeracy.

Postscript

In case there is any doubt about the life-and-death importance of our work, the chair of a pharmacology department in a medical school wrote in 2000:

“The idea of using a computer for something other than email or downloading documents to print is one that only a small fraction of our class is comfortable with. I would say the same thing about things numerical..........The number of incidents due to miscalculated drug doses becomes more understandable."

� PBS, September 18, 2000.


� BBC web page: BBC News/World Fuel Crisis/UK Fuel Tax: The Facts, September 21, 2000.


� The LAPD collects and publishes data regarding motor vehicle stops and race.  See � HYPERLINK "http://www.lapdonline.org/inside_lapd/cd/consent_decree.html" ��www.lapdonline.org/inside_lapd/cd/consent_decree.html�. (From Lily Khadjavi.)





