Lost in Translation
Writing About Mathematics for a Popular Audience
Related New York Times Article" When Even Mathematicians Don't Understand the Math", By SUSAN KRUGLINSKI, May 25, 2004

Author(s)
Sierra Prasada Millman, The New York Times Learning Network

Bridget Anderson, The Bank Street College of Education in New York City

Grades: 6-8, 9-12

Subjects: Language Arts, Mathematics, Science

Overview of Lesson Plan: In this lesson, students reflect on the uses of mathematics in their daily lives and work in pairs to design brochures that make specific mathematical concepts clear and interesting to a popular audience. They then present their brochures to a family member and write response papers evaluating their own efforts.

Suggested Time Allowance: 1 hour

Objectives: 

Students will:

1. Consider the nature of mathematics and its uses in daily life.

2. Learn about the challenges of presenting abstract math and physics to popular audiences by reading and discussing the article "When Even Mathematicians Don't Understand the Math."

3. Design brochures to make specific mathematical or physics concepts clear and interesting to the average layperson.

4. Present their brochure to a family member and write a one-page essay reflecting on their experience with making their brochures. 

Resources / Materials: 

-pens/pencils

-paper

-classroom board

-copies of "When Even Mathematicians Don't Understand the Math" (one per student)

-resources for researching mathematical concepts (mathematics text books, computers with Internet access)

Activities / Procedures: 

1. WARM-UP/DO NOW: Students respond to the following prompt (written on the board prior to class): "Working with the person next to you, make a list of ten ways that math is useful to a person's everyday life. Then, together with your partner, brainstorm answers to the following question: 'What is math?'" After a few minutes, allow time for students to share their ideas with the class. Create a chart in which to record the uses of mathematics. Encourage students to reflect on which aspects of life, in particular, might be made more difficult without knowledge of mathematics. Then draw a mind map on the board that illustrates the class's efforts to answer the question, "What is math?"

2. As a class, read and discuss the article "When Even Mathematicians Don't Understand the Math" focusing on the following questions:

a. What do neurologists tell us about the way we "read" math, according to the article?  

b. What are math and physics writers, according to the article?

c. What kinds of math and science books sometimes make the best-seller lists, according to the article?  

d. To what does Dr. Ian Stewart compare the efforts of math and science writers to help laypersons understand their fields?  

e. Is it possible to explain all mathematical concepts to popular audiences, according to Dr. Stewart?  

f. According to Dr. Stewart, are the concepts that may be unexplainable as important as those that are more explainable? 

g. What is the aim of Dr. Keith Devlin's book "The Millennium Problems," according to the article? 

h. "If you find the going too hard," what does Dr. Devlin suggest you do? 

i. Do even the experts understand all the "frontier problems" of mathematics, according to Dr. Devlin? 

j. What does Dr. Devlin say about the "familiar model of the atom - a nucleus of protons and neutrons orbited by electrons"? 

k. How many dimensions do the strings of string theory inhabit, according to Dr. Devlin? 

l. How does Dr. Green's opinion on the potential of mathematical writing for the layperson differ from that of Dr. Devlin? What can be described? What cannot?  

m. How does Dr. John L. Casti describe the relationship between mathematics and science? 

n. For what purpose does Dr. Greene suggest the human brain evolved?

3. Divide students into pairs. Explain that each pair will be researching a specific mathematical or physics concept and then individually create a three-page brochure that makes their assigned concept clear and interesting to popular audiences. Pairs may select one concept from the chapters already covered in their math or physics textbook or can be assigned a specific concept with which they are already somewhat familiar (such as the Pythagorean Theorem for math or centrifugal force for physics). Students may find the following websites helpful to their research: www.howstuffworks.com, www.ask.com, and www.about.com.

4. Inform students that each brochure should include the following (copied into a handout for easier student access): 

a. --One colorful and appealing cover page with appropriate text (title and authors' names) and graphics 

b. --One page explaining the history of the concept, its theoretical purpose, and its relevance to daily life  

c. --One page that concretely demonstrates (through equations, word problems, diagrams, or graphs/charts) the concept's function (or, if appropriate, offers a comprehensible proof of the concept)

5. Once research is completed, students will individually create their brochures but collaborate with their partners on the best way to convey the information. When brochures are completed, and if time allows, ask students to pair up with another member of the class (from a different pair) to practice presenting their brochure to that person.

6. WRAP-UP/HOMEWORK: For homework, ask students to choose a family member (either parent or sibling) with whom to share their brochure in the following way: --Ask the selected person to read the brochure on his or her own --When they finish reading, encourage them to ask questions --Clarify any points they do not understand  --Ask some questions of your own to determine the clarity and appeal of your brochure

7. Students should then write a one-page essay that evaluates their research efforts, describes revisions they would make in response to feedback received, and relates how their opinions about mathematics and/or physics have changed, if at all.

Further Questions for Discussion: 

· --Is it legitimate to call math a language? Is it useful? Why or why not? How is math like other languages? How is it different? Can science also be called a language? Why or why not? 

· --What is good and bad about science and math books written for popular audiences? Explain your answer.

· --What does it mean to suggest that some aspect of mathematics might be "lost in translation"? 

· --Why is it important for laypersons to understand abstract math?

· --If experts cannot understand a "frontier problem" of mathematics, is it a "wise strategy" for them to just "give up"? Why or why not? 

· --Why can physicists "successfully use" an obsolete model of the atom? Is their doing so misleading? 

· --When it comes to understanding a mathematical concept, is "pretty close" good enough? Why or why not?

· --Is math "the vigorous structure supporting the physical world" or a "human idea in development" or both? Support your answer with concrete ideas. 

· --What does it mean to say that math "isn't science"?

· --Dr. Casti comments that "the criteria that mathematicians use for what constitutes good versus bad mathematics is much more close to that of a poet or a sculptor or a musician than it is to a chemist" - do you agree or disagree? Why?

· --Thinking creatively, is there a reason that a brain should develop "for the purpose of being…good at grasping the true underlying nature of reality?" Why?

Evaluation / Assessment: 

Students will be evaluated based on participation in the initial task and subsequent class discussion, research and collaboration in pairs, completion of their own brochure, and thoughtful completion of the presentation and written response. s

Vocabulary: 

scrawls, epitomize, incomprehensibility, interpreters, intrepid, abstract, seep, ratio, millennium, confounds, physicists, inconceivable, undetectable, hazy, prestige, defy, cohomology, sheaves, chaos, fractals, challenging, impenetrable, conjecture, wise, strategy, construct, generalizations, geometric, visualization, truism, framed, layperson, decipher, composition, unintelligible, tome, distills, quantum, textured, machinery, model, obsolete, dimensions, depict, equations, metaphorical, foundations

Extension Activities: 

1. Write a review of one math or science book written for a popular audience. Let the following questions guide your writing:

a. --What are the writer's credentials? Is he or she an expert in the field? How well does the writer appear to understand the subject matter?

b. --To what extent does the writer employ literary devices (for instance, metaphors) to make the subject matter comprehensible and/or interesting?

c. --Does the author present a convincing argument that understanding the math or science concepts in question is important to reader's lives? If so, what is that argument?

d. --Would you read another book written by this author? Why? (Some examples: Robin Marantz Henig's "The Monk in the Garden," Carl Sagan's "Cosmos," and Charles Seife's "Zero: The Biography of a Dangerous Idea")

2. Design a 10-question test to see how well your parents understand the math you're studying in school. You may or may not want to provide them with a brief study guide in advance.

3. Create a comparison chart to define and distinguish the following terms: hypothesis, theory, and fact. What are the different levels and kinds of evidence and understanding represented by each category? (Ability to repeat the experiment with the same results, enough repetitions of the experiment performed to conclude that the results are not due to chance, etc.)

4. Write and illustrate additional chapter to Hans Magnus Enzensberger's "The Number Devil: A Mathematical Adventure" about a concept that you've learned or are learning in class.

Interdisciplinary Connections: 

Civics- What role does mathematics play in government? Research the United States Departments of the Treasury, Agriculture, and Defense and create an informational poster that demonstrates some of the ways that government officials use math.

Fine Arts- Create and draw a "new" and more accurate model of the atom. Research the structure of the atom and past models. Write a two-paragraph essay in which you argue why your model is better than the one with curving lines arcing around the nucleus.

Global History- Create a timeline with two divergent branches. The first branch illustrates how a certain mathematical concept (as discovered or explained by a mathematician) changed society. The second branch illustrates how society would have been different had that mathematical concept never been discovered or explained.

Media Studies- Write a research paper that analyzes the ways in which math and/or science have infiltrated the media of popular culture, such as literature, theater, music, television, etc. (Some examples: Tom Stoppard's "Arcadia," Dan Brown's "The Da Vinci Code," and the film "A Beautiful Mind" [2001])

Technology- Plan and deliver an oral presentation in which you identify the smallest particle that can be seen today. Describe the instrument that enabled scientists to see it. Are there smaller existing particles? How do we know they exist if we cannot see them? (Identify you're your sources on the class room board or on a clearly visible poster.)

Academic Content Standards:
This lesson plan may be used to address the academic standards listed below. These standards are drawn from Content Knowledge: A Compendium of Standards and Benchmarks for K-12 Education: 2nd Edition and have been provided courtesy of the Mid-continent Research for Education and Learning in Aurora, Colorado.
In addition, this lesson plan may be used to address the academic standards of a specific state. Links are provided where available from each McREL standard to the Achieve website containing state standards for over 40 states. The state standards are from Achieve's National Standards Clearinghouse and have been provided courtesy of Achieve, Inc. in Cambridge Massachusetts and Washington, DC.
Grades 6-8 

Mathematics Standard 1- Uses a variety of strategies in the problem-solving process. Benchmarks: Understands how to break a complex problem into simpler parts or use a similar problem type to solve a problem; Uses a variety of strategies to understand problem-solving situations and processes; Understands that there is no one right way to solve mathematical problems but that there are different methods; Formulates a problem, determines information required to solve the problem, chooses methods for obtaining this information, and sets limits for acceptable solutions; Represents problem situations in and translates among oral, written, concrete, pictorial, and graphical forms; Constructs informal logical arguments to justify reasoning processes and methods of solutions to problems; Uses a variety of reasoning processes

(CTSS - 'math', '6-8', '1') 

Mathematics Standard 9- Understands the general nature and uses of mathematics. Benchmarks: Understands that mathematics has been helpful in practical ways for many centuries; Understands that mathematicians often represent real things using abstract ideas like numbers or lines--they then work with these abstractions to learn about the things they represent

(CTSS - 'math', '6-8', '9') 

Science Standard 14- Understands the nature of scientific knowledge. Benchmarks: Knows that all scientific ideas are tentative and subject to change and improvement in principle, but for most core ideas in science, there is much experimental and observational confirmation; Understands that questioning, response to criticism, and open communication are integral to the process of science

(CTSS - 'science', '6-8', '14') 

Science Standard 15- Understands the nature of scientific inquiry. Benchmarks: Knows that there is no fixed procedure called "the scientific method," but that investigations involve systematic observations, carefully collected, relevant evidence, logical reasoning, and some imagination in developing hypotheses and explanations; Establishes relationships based on evidence and logical argument; Understands the nature of scientific explanations; Knows that scientific inquiry includes evaluating results of scientific investigations, experiments, observations, theoretical and mathematical models, and explanations proposed by other scientists

(CTSS - 'science', '6-8', '15') 

Science Standard 16- Understands the scientific enterprise. Benchmarks: Knows that people of all backgrounds and with diverse interests, talents, qualities, and motivations engage in fields of science and engineering; Knows that the work of science requires a variety of human abilities, qualities, and habits of mind; Knows various settings in which scientists and engineers may work; Knows ways in which science and society influence one another

(CTSS - 'science', '6-8', '16') 

Language Arts Standard 1- Demonstrates competence in the general skills and strategies of the writing process. Benchmarks: Uses a variety of strategies to draft and revise written work; Uses style and structure appropriate for specific audiences and purposes; Writes in response to literature

(CTSS - 'english', '6-8', '1')

Grades 9-12  Mathematics Standard 1- Uses a variety of strategies in the problem-solving process. Benchmarks: Uses a variety of strategies to understand new mathematical content and to develop more efficient solution methods or problem extensions; Constructs logical verifications or counter examples to test conjectures and to justify algorithms and solutions to problems; Understands connections between equivalent representations and corresponding procedures of the same problem situation or mathematical concept; Understands the components of mathematical modeling (CTSS - 'math', '9-12', '1')  Mathematics Standard 9- Understands the general nature and uses of mathematics. Benchmarks: Understands that mathematics is the study of any pattern or relationship, but natural science is the study of those patterns that are relevant to the observable world; Understands that mathematics began long ago to help solve practical problems; however, it soon focused on abstractions drawn from the world and then on abstract relationships among those abstractions; Understands that theories in mathematics are greatly influenced by practical issues--real-world problems sometimes result in new mathematical theories and pure mathematical theories sometimes have highly practical applications; Understands that mathematics provides a precise system to describe objects, events, and relationships and to construct logical arguments (CTSS - 'math', '9-12', '9')  Science Standard 14- Understands the nature of scientific knowledge. Benchmarks: Knows ways in which science distinguishes itself from other ways of knowing and from other bodies of knowledge; Knows that scientific explanations must meet certain criteria to be considered valid; Understands how scientific knowledge changes and accumulates over time; Knows that from time to time, major shifts occur in the scientific view of how the world works, but usually the changes that take place in the body of scientific knowledge are small modifications of prior knowledge (CTSS - 'science', '9-12', '14')  Science Standard 15- Understands the nature of scientific inquiry. Benchmarks: Knows that conceptual principles and knowledge guide scientific inquiries- historical and current scientific knowledge influence the design and interpretations of investigations and the evaluation of proposed explanations made by other scientists; Knows that scientists conduct investigations for a variety of reasons (CTSS - 'science', '9-12', '15')  Science Standard 16- Understands the scientific enterprise. Benchmarks: Knows that throughout history, diverse cultures have developed scientific ideas and solved human problems through technology; Understands that individuals and teams contribute to science and engineering at different levels of complexity; Understands that science involves different types of work in many different disciplines; Knows that creativity, imagination, and a good knowledge base are all required in the work of science and engineering (CTSS - 'science', '9-12', '16')  Language Arts Standard 1- Demonstrates competence in the general skills and strategies of the writing process. Benchmarks: Uses a variety of strategies to draft and revise written work; Writes compositions that are focused for different audiences; Writes compositions that fulfill different purposes; Writes fictional, biographical, autobiographical, and observational narrative compositions; Writes in response to literature  (CTSS - 'english', '9-12', '1')
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