Spelman College Faculty Institute August 13, 2009

Curricular Sudoku: Quantitative Reasoning as an Educational Imperative
Across the Curriculum

Neil Lutsky
Kenan Professor of Psychology
Quantitative Inquiry, Reasoning, and Knowledge (Quirk) Initiative*,
Carleton College nlutsky@carleton.edu

Hayes, B. (2006). Unwed numbers: The mathematics of Sudoku. American Scientist, 94(1), pp. 12-15.
http://www.americanscientist.org/template/AssetDetail/assetid/48550?print=yes

Cronon, W. (1998). “Only connect...” The goals of a liberal education. The American Scholar, 67(4), pp. 73-80.
Bok, D. (2005). Our underachieving colleges. Princeton: Princeton University Press.

Appiah, K. A. (2005). Learn statistics. Go abroad. http://www.slate.com/id/2130328/

Seelye, K. Q. (2006, February 10). Lurid numbers on glossy pages! (Magazines exploit what sells).
The New York Times, p. Al.

Rivlin, G. (2006, August 13). In vino veritas? Why wine ratings might not pass the sobriety test.
The New York Times, Section 3, p. 1.

Revkin, A. C. (2007, December 16). As China goes, so goes global warming. The New York Times.
http://www.nytimes.com/2007/12/16/weekinreview/1 6revkin.html?scp=1&sq=revkin+china+goes&st=nyt

Brandt, A. M. (2007). The cigarette century: The rise, fall, and deadly persistence of the product that defined
America. NY: Perseus.

Shepard, R. (1981). The tabletop illusion. http://library.thinkquest.org/05aug/01744/shepard_tabletop_illusion.htm

Gawande, A. (2007). Better: A surgeon’s notes on performance. New York: Picador.
Peters, E., et al. (2006). Numeracy and decision making. Psychological Science, 17(5), pp. 407-413.

Steen, L. A. (2004). Achieving quantitative literacy. Washington, D.C.: The Mathematical Association
of America.

Best, J. (2004). More damned lies and statistics. Berkeley: University of California Press.

loannidis, J. P. A. (2005). Contradicted and initially stronger effects in highly cited clinical research. Journal of the
American Medical Association, 294(2), pp. 218-228.

Collins, H., & Pinch, T. (2005). Dr. Golem: How to think about medicine. Chicago: University of Chicago Press.

Blastland, M., & Dilnot, A. (2009). The numbers game: The commonsense guide to understanding numbers in the
news, in politics, and in life. New York: Gotham Books.

Levy, S. (2006, January 31). Does your iPod play favorites? Newsweek.
http://www.msnbc.msn.com/id/6854309/site/newsweek/

Tufte, E. R. (2001). The visual display of quantitative information. Chesire, CT: Graphics Press.
http://www.edwardtufte.com/tufte/books textb




Curricular Sudoku p. 2

Cohen, 1. B. (2005). The triumph of numbers: How counting shaped modern life. NY: Norton.

Story, L. (2005, September 20). Many women at elite colleges set career path to motherhood. The New York Times,

p- 1.
http://www.nytimes.com/2005/09/20/national/20women.html?ex=1284868800&en=6a8¢0c413¢c09c249& e

i=5090&partner=rssuserland&emc=rss

Shafer, J. (2005, September 20). Weasel-words rip my flesh! Slate. http://slate.msn.com/id/2126636/

Shulman, L. S. (2004). Teaching as community property: Essays on higher education. San Francisco, CA: Jossey-
Bass.

Abelson, R. P. (1995). Statistics as principled argument. Hillsdale, NJ: Lawrence Erlbaum Press.

Light, R. J. (2001). Making the most of college: Students speak their minds. Cambridge: Harvard University
Press.

Miller, J. E. (2004). The Chicago guide to writing about numbers. Chicago: University of Chicago Press.
Nouvian, C. (2007). The deep: The extraordinary creatures of the abyss. Chicago: University of Chicago Press.

Styron, W. (1990). Darkness visible: A memoir of madness. New York: Random House.

O’Donnell, J. J. (1998). Avatars of the word: From papyrus to cyberspace. Cambridge: Harvard University Press.

*Carleton’s Quantitative Inquiry, Reasoning, and Knowledge (Quirk) Initiative was supported
by grant P116B040816 from the Fund for the Improvement of Postsecondary
Education ( www.ed.gov/FIPSE ), U. S. Department of Education.




Curricular Sudoku p. 3

10 Foundational QR Questions

1. What do the numbers show?

What do the numbers mean?
Where are the numbers?

Is there numerical evidence to support a claim?

What were the exact figures?

How can seeking and analyzing numbers illuminate important phenomena?
How plausible is a possibility in light of back of the envelope calculations?

11. How representative is that?

What’s the central tendency?

“For instance is no proof.”

Mean, Mode, and Median.
Interrogating averages:

Are there extreme scores?

Are there meaningful subgroups?

Who’s in the denominator?

What’s the variability (standard deviation)?
What are the odds of that? What’s the base rate?

I11. Compared to what?

What’s the implicit or explicit frame of reference?
What’s the unit of measurement?

Per what?

What’s the order of magnitude?

Interrogating a graph:

What’s the Y-axis? Is it zero-based?
Does it K.I.S.S., or is it filled with ChartJunk?

1V. Is the outcome statistically significant?
Is the outcome unlikely to have come about by chance?
“Chance is lumpy.”

Criterion of sufficient rarity due to chance: p < .05
What does statistical significance mean, and what doesn’t it mean?

V. What’s the effect size?
How can we take the measure of how substantial an outcome is?

How large is the mean difference? How large is the association?
Standardized mean difference (d): d = (ui-w2)/o
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VI. Are the results those of a single study or of a literature?

What’s the source of the numbers: PFA, peer-reviewed, or what?
Who is sponsoring the research?

How can we take the measure of what a literature shows?
The importance of meta-analysis in the contemporary world of QR.

VII. What’s the research design (correlational or experimental)?

Design matters: Experimental vs. correlational design.
How well does the design support a causal claim?

Experimental Design:

Randomized Controlled Trials (RCT): Research trials in which participants are
randomly assigned to the conditions of the study.

Double blind trials: RCTs in which neither the researcher nor the patient know
the treatment condition.

Correlational Design: Measuring existing variation and evaluating co-occurrences, possibly
controlling for other variables.

Interrogating associations (correlations):
Are there extreme pairs of scores (outliers)?
Are there meaningful subgroups?
Is the range of scores in a variable restricted?
Is the relationship non-linear?

VIII. How was the variable operationalized?

What meaning and degree of precision does the measurement procedure justify?

What elements and procedure result in the assignment of a score to a variable?

What exactly was asked?

What’s the scale of measurement?

How might we know if the measurement procedure is a good one?
Reliability = Repeated applications of the procedure result in consistent scores.
Validity =~ Evidence supports the use to which the measure is being put.

Is the measure being manipulated or “gamed”? The iatrogenic effects of measurement.
IX. Who’s in the measurement sample?

What domain is being evaluated? Who’s in? Who’s not?

Is the sample from that domain representative, meaningful, and/or sufficient?
Is the sample random?

Are two or more samples being compared equivalent?

X. Controlling for what?

What other variables might be influencing the findings?
Were these assessed or otherwise controlled for in the research design?
What don’t we know, and how can we acknowledge uncertainties?



