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Introduction: The Issues

Faculty teaching quantitative courses in public affairs often find themselves perplexed by their students’ mathematical difficulties: algebra and graphs seem obstacles for these students, rather than useful tools.  How is it, faculty wonder, that students who have taken all the right courses in their previous schools, usually making good grades, can be unable to use what they have supposedly learned?


Answering this question fully would require a long detour, but what public affairs faculty need essentially to recognize is that these students have learned by memorization and without understanding.  Such knowledge does not last and does not transfer to situations that “look different,” as in courses on economics or statistics. 


In the U.S. and other countries, we find students who have good technical skills, but little understanding.  They can do a problem written in symbols, but not if it is given in context. They can factor a polynomial, but cannot tell you what a graph means.  They can perform computations, but cannot tell you the units of the quantity they have computed.  They know how to calculate a derivative, but not that a derivatives is a rate of change.  Schools of public affairs have many of these students, from both the US and abroad, yet the public affairs curriculum demands both skills: computation and interpretation.  This lack of articulation between “school math” and quantitative courses in public affairs will persist into the foreseeable future.


This paper analyzes current students’ quantitative backgrounds and describes trends that will affect entering students’ backgrounds in the future.  It suggests that the effort to understand student backgrounds pays unexpected dividends by pointing out better ways to communicate quantitative ideas. It concludes with an example in which technology provides another way to strengthen students’ quantitative skills.

Current Background Profiles

Over the past twenty years, the quantitative backgrounds of students entering programs in public affairs have spanned a huge range.  Some enter the field with strong backgrounds; in the case of mid-career students, these might be former engineers or the military.  They are fairly solid on algebra and are comfortable using symbols.  Within this group are likely to be some who know calculus or linear algebra.  These students have very different attitudes toward mathematics than most of their classmates: they may chose to use it without prompting, and they believe that mathematics fundamentally makes sense.  The majority of students, however are not strong or confident in their quantitative skills. 
Next come a group of students who remember basic algebra but get lost when it gets messy, if Greek letters, for example, or exponents and logarithms are involved.  (These cause surprising confusion.)  For these students, like those described in the next paragraph, algebra is largely a set of memorized procedures, not a meaningful set of transformations.  The difference is that this group remembers the procedures better.  Since these students have also learned the procedures largely without meaning, however, they too are often unable apply them to a situation that “looks different,” including ones that are only superficially different, where the variables have different names, for example.  For students who have learned what to do by recognizing superficial clues, such as “solve for x,” it is an entirely different problem if there is no x but only a  .


Other students are yet weaker with algebra.  The meaning of the equation of a line (such as obtained from linear regression), solving simultaneous equations (for example, for equilibrium price and quantity), and calculating present value, are beyond them.  The procedure for calculating these quantities will appear to them as jungle of symbols, likely without meaning.  Still others, even though they have had arithmetic and algebra in school, do not have a solid mastery of arithmetic.  These students do not know that increasing by 4% means multiplying by 1.04.  They cannot read graphs and they skip over any numbers or tables in an article.  Such difficulties, if untreated, make almost any quantitative course difficult. 


So, most entering public affairs students have learned mathematics, to whatever extent they have, by rote memorization, without accompanying understanding and without much ability to transfer what they do know to new situations.  Most quantitatively inclined faculty find it mysterious that students could possibly want to memorize procedures without understanding their meaning.  Comprehending this tendency requires an appreciation of these students’ view of mathematics, that it is a fundamentally inhospitable and meaningless subject.

Reactions and Realities 

Frustrated faculty, who would rather teach economics and statistics than graphing and algebra, may want to prevail on their admissions offices to accept only students with strong quantitative backgrounds.  It is difficult, however to tell which students have weak backgrounds just by looking at their transcripts or resumes.  Most students have taken all the right courses and made good grades, because this is unfortunately easy to do by memorization.  Therefore accepting only those with strong backgrounds is less than straightforward.


 Another frequent reaction to students’ weak backgrounds is to think that there is something terribly wrong with mathematics education in the U.S.  There is indeed something terribly wrong, but it is not at all clear whom to blame or what to do.  In particular, blaming teachers is not constructive, since most of them are quite as unhappy with the situation as faculty in schools of public affairs.


The Third International Mathematics and Science Study (TIMSS) corroborates the U.S.’s educational shortcomings.  TIMSS showed that the U.S. lags behind many other countries in mathematics, and that the gap increases in higher grades.  The TIMSS videotape study vividly suggests the reasons for this gap by depicting a U.S. teacher struggling to get students to recall definitions, while a Japanese teacher has students solving difficult problems.  This videotape study, the first of its kind, gives a compelling picture of the differing practices in the two countries.  Given accepted teaching practices, it is unfortunately not surprising that U.S. students think of mathematics as a subject to be memorized.  


The U.S. educational system is nearly unique in the way it runs, and it is a particularly hard system in which to make to make substantial changes.  In addition, local control means that society’s view of mathematics, jaded by decades of poor mathematics courses, is continuously re-introduced to schools.

Implications for Teaching
Students need their instructors to understand their quantitative backgrounds, because it is essential to their learning.  Mathematics is an unusually “vertical subject.” 
  To be understood, quantitative explanations must rest on concepts that students have already mastered.


The traditional way that faculty have understood students’ backgrounds is to think of themselves at the corresponding age, and then to imagine that the students are a bit slower.  This is an unreliable method under any circumstances, since many students think differently than faculty, not more slowly. It is particularly unreliable for students who are following different career paths than the faculty, mid-career practitioners in MPA programs, for example.  This method is likely to work even less well in the future, as students’ math backgrounds are changing. 


The only reliable method of understanding student backgrounds is careful observation of student thinking and student work.  Class comments, office hours, homework, and exams, all provide useful clues to the faculty detective.  Once the students’ viewpoint is clear, it is much more likely that the explanations an instructor gives will help the students learn.


Most of all, keeping in touch with student thinking requires maintaining a conversation in the classroom.  Student answers, wrong or right, enable the instructor to monitor what has made sense and what has not.  Even the most experienced instructor will sooner or later lose touch with a silent class, while a constant flow of responses from students does a great deal to steer the presentation and the adjust the speed successfully.  


Observation will tend to indicate that many student difficulties lie with algebra or with the meaning of computations.  For most people, mathematical understanding is not carried by symbols, but in pictures or in words.  In teaching it is therefore important to make repeated connections between computations and their verbal and graphical interpretations.  When provided with these, many students discover they can not only negotiate the material better, but that they also start to like it. 


For many faculty, it is difficult to appreciate the gulf between the way they themselves think about quantitative material and the way their students think about it.  Faculty also think in pictures and words, but many find it hard to believe that the symbols do not conjure up the same images for their students as they do for themselves.  Listening to students talk about what they are thinking can be a enlightening, albeit sobering, experience.


Most students, like faculty, do in fact prefer to understand mathematics rather than to memorize it.  A student’s view of understanding, however, is often different than an instructor’s.   The student usually wants a picture or an intuitive reason; the instructor may want something closer to a proof.  Giving students a more formal justification than they want tends to close off their desire to ask.  An instructor, overjoyed to find a student who wants an explanation, can often find it hard to resist over-explaining, but over-explaining frequently kills a student’s appetite for learning. 


Students also tend to give up more easily than faculty in their search for meaningful explanations.  Student requests to “just show me what to do” are often signals of resignation, rather than of a real preference for algorithms without meaning.  To encourage students who want explanations, faculty often have to start by working with the students’ maddeningly incomplete pictures of what is going on.  With time, students will ask for deeper explanations, but only if such explanations are not thrust upon them.


A final difficulty faculty need to confront is that of appreciating the profoundly destructive effect of anxiety on many students’ quantitative performances.  Most public affairs classes contain students who are real die-hards about mathematics, willing to challenge anyone who suggests that they can learn the subject.  To teach students who feel this way, faculty have to be willing to work through the many ways in which insecurity about mathematics can express itself: avoidance, over-confidence, belligerence, or explicit terror.  Once they accept this challenge, however, faculty will find that students make remarkable improvement.  They may not like quantitative material, and they may not be swift, but they can master it.

Trends That Will Affect Future Quantitative Teaching
Access to Mathematics for a Wider Variety of Students

The forces currently affecting the teaching of mathematics are part social, characterized by a drive for equity. 
  This view insists that mathematics is now so important that it must be taught to the widest possible population, rather than reserved for those going to elite colleges or into specialized careers. 
 

Many countries, especially emerging democracies, are experiencing the same social pressures as the U.S.  


Mathematics has become a widely used tool, one that decision-makers can ill-afford to be without.  The need to excel in mathematics in order to go into technical fields, e.g., physics, operations research, astronomy, robotics, or engineering, has not changed, although even these fields require some different mathematics than a generation ago. 
  However, the need for a large fraction of the population, not just those heading for science, to learn mathematics is changing radically. 

Many countries are therefore currently revamping their curricula and their teaching methods.


Given their commitment to diversity, U.S. institutions can expect to feel the same pressures and see the same trends in quantitative backgrounds as other countries.  In the case of the Kennedy School, for the foreseeable future, there will be students who come from regions where mathematics beyond the basics was not available to them, e.g., Africans under apartheid, and women from some regions of the world.  At the same time, there will be students who have sent people into space or planned technology purchases for entire countries.  Both types of student must have the opportunity to learn how they can use quantitative arguments to improve decision-making.  In some cases, this will involve learning some mathematics first.  In others, it will involve learning new uses for old skills, for example, by learning economics, operations research, or game theory.

Technology’s Impact on Education and Professional Practice

At the same time as there has been enormous pressure to teach mathematics to a wider audience, the technology used to do mathematics has changed radically.  This affects the teaching of public affairs in two ways.  First, the range of student backgrounds coming into academic programs will further complicate their learning of quantitative skills.


The computer backgrounds of entering public affairs students are usually as varied as their quantitative backgrounds.  At this point in time, the majority of students have used a computer.  Many, however, have only used it for word processing and e-mail.  Weak quantitative skills are a real obstacle to using a spreadsheet, as well as to doing statistical analysis.  The students of the next decade will be more familiar with computers and the Internet than today’s students.  Global trends, however, indicate that the cohort that has difficulty with basic mathematics — algebra and graphing — will definitely not disappear.  In fact, this group is likely to grow.


Also, the educational system has not yet dealt effectively with the impact of technology.  Whether or not they are allowed to use calculators or computers in the classroom, many children are unwilling to spend much intellectual energy learning procedures that can be done by a machine.  Today’s ninth graders, for example, are the first class to grow up in world where their teachers have to explain why they must learn algebra that can be done by a calculator that costs less than their sneakers.  Most of their teachers are dreading the question because they have no real answer.


The second effect on public affairs teaching results from the fact that technology is changing, in some cases radically, the way mathematics and quantitative methods are practiced outside the classroom.  Many of Newton’s methods were geometric; later, symbolic methods became the norm.  For more than a hundred years, symbolic methods have been the core of most mathematics courses.  Now the enormous speed and power of computers have brought numerical arguments to the fore.  This has a profound impact on what quantitative methods need to be taught.  A finance course, for example, must now reflect the increasing use of spreadsheets, while a statistics course should teach how data from the Internet can be used in making decisions. 


Over the next few decades, then, faculty teaching quantitative courses will need to rethink both their teaching methods and the content of their courses in light of the changes in technology and the ways it can be used both to teach and practice quantitative methods.

Information, Data, and Decisions: A Web-Based Course

In my work for the Kennedy School of Government’s Summer Program, a brief re-introduction to academic subjects, I have dealt with the full range of quantitative backgrounds.  Because the students are mid-careers, some have hated mathematics with a passion for years, and are dreading going back to it, while others have Ph.D.’s in the subject.  The first group is much larger — and much more vocal — than the second.  By the end of the summer program, however, most students have discovered that they can do what is required of them quantitatively, and are willing to try. 


Two years ago, we made an attempt to reformulate part of the Summer Program to reflect changes in technology, better equip them to use it, and harness its power to enhance their learning. Information, Data, and Decisions (IDD) is a web-based course designed to enable students to tap into the enormous quantity of data on the web, and to learn the mathematics necessary to handle that data.  After introducing the tools — a browser and a spreadsheet — we gave the students access to interesting data and asked them to make judgments or decisions based on it.  The mathematics was introduced in the context of analyzing the data.  This had the effect of engaging students in the mathematics in a way that they would not have been otherwise.  Since the data were interesting in their own right, the students became interested in what the mathematics could tell them.  The outline of the course is as follows:

· Introduction to Netscape: Students learn how to move around on the web and how to perform a search.  The assignment is a treasure hunt that asks students to find several pieces of useful information.

· Using a pre-fabricated Spreadsheet on the Web: A statistician in Vienna has loaded the data from the previous Austrian census into a spreadsheet.  This allows students to analyze the effects of various policies, such as the retirement age or the immigration laws, on the solvency of the Austrian pension system.

· Constructing a Spreadsheet: Students build a spreadsheet to illustrate the gloomy predictions of Malthus: that exponential population growth eventually outstrips the linear growth of food production.  Students then analyze the effect of varying the parameters in the model.

· Downloading Data from the Web into a Spreadsheet:  Census, CIA, United Nations, World Bank.

· Projects and Presentations by Students


The web and spreadsheet materials are accessible to students with weak backgrounds, yet challenging to strong students.  The materials involve only basic mathematics, yet some of the questions asked are quite deep.  Weak students can therefore review a variety of skills — arithmetic, graphing, basic algebra — at the same time as strong students explore mathematical modeling.  The assignments help students gain a deeper understanding of topics such as linear growth, exponential growth, logistic growth, rate of change and accumulated change.  The exercises require students to construct models to describe realistic situations and, in so doing, to think about the mathematical relations exhibited by various real-world phenomena.


The web gave the students immediate access to authentic data and a great sense of power.  Working with spreadsheets forced students to make the connections between different quantities.  It was impossible to get the cell references right without understanding the relationships between different quantities and impossible to enter the formulas correctly without knowing algebra.  To make charts correctly, the students had to understand the relationship between numerical data and its graphical representation.  Thus, using spreadsheets provided a fresh way of reviewing algebra, percentages, and graphs.  The student reports show that this review was well received.  In addition, slower students were able to concentrate on the arithmetic and algebra without hindering the faster students, who were free to explore the spreadsheet models at a deeper level.

In addition to strengthening the basics, IDD enabled students to explore some significant mathematics.  As an illustration, in making their presentations some students went to the UN site and got data on the Human Development Index (HDI) of several countries.  The HDI is a weighted average of several other quantities including per capita income, GNP, life expectancy, and adult literacy (all indexed so that they are percentages).  One group’s presentation, which showed the regression of HDI against GNP, set off a firestorm of argument in the class.  Some students felt that it was not legitimate to fit a regression line to this data, since HDI contains GNP as one of its components.  This was an extraordinarily interesting and thought-provoking discussion, which caused students to do a great deal of independent mathematical investigation.

Janice Rand-Vaughn, Director of the Kennedy School Summer Program, concludes:  “Evaluations of the course were very positive.  Not only did those students with a weak foundation gain confidence and skills, those with more experience created an extremely cooperative learning environment where students could learn a great deal from each other.  This was a big innovation for us.  We were teaching a web-based math curriculum in the classroom.  We were teaching math “invisibly.”  Those students (and there are many) who had avoided math for most of their lives, were introduced to quantitative skills though an engaging and non-math-focused medium: the Internet.  And they learned.”

Conclusion

It is time of great opportunity and great intellectual challenge for quantitative courses in public affairs.  The next decade will be one of flux, in which teaching needs must be continuously refocused.  Meeting the challenge will benefit both the students in the program, and potentially, U.S. students in general.


Currently, many people going into public service have as their last memory of mathematics a course that they disliked. 
 So, when their careers intersect with educational policy-making, many have no vision for improvement.  A cadre of public servants who appreciate quantitative tools and how they can be taught will be of real importance in the future.  By accepting leadership in this area, programs in public affairs could make a significant contribution to the education of future generations. 


In the next century, the explosion of information technology will increase the need for quantitatively trained personnel. 
  At the same time as student backgrounds are becoming more varied, a wider variety of mathematical topics and tools also need to be taught.  Quantitative courses are demanding new teaching skills at the same time as they are becoming more essential. 

� According to Bill Thurston, a distinguished research mathematician.








� Consider, for example, Rios v. Regents of the University of California, an anti-discrimination suit based on the fact that the majority of UC Berkeley students come from the 5% of high schools that offer Advanced Placement courses.








� The turmoil that this shift causes is captured by the fact the faculty who believe that they should “Teach the students you have, rather than the ones you wish you had” are accused of watering their subject down, whereas those who “enforce standards” are described as being elitist. 








� High-speed computers have led to greater emphasis on numerical methods and have made visualization possible in many more fields.








� Those who liked their courses often went on in math or science.








� See article by Rita Caldwell and Eamon Kelley in Science, October 1999.
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