Making Decisonswith Data

Gail Burrill, Michigan State Univer sity
Abstract Information is transforming the way people live and the way they do business. Making decisions based
onthisinformationisanincreasingly critical skill. The dataanalysis strand in Principles and Standards for School
Mathematics describes the important ideas that are central to understanding how to processinformation and to use it
wisgly. School work in dataanalysis and statistics has primarily centered on making plots, organizing data, reading
graphs, and calculating statistics. At the secondary level students should apply this knowledge and the skills they

have devel oped, putting them into a context where they learn to make good decisions based on well-designed
experiments with probability and randomness as tools in making these decisions. NCTM has produced Navigating
Through Data Analysis: Grades 9-12 to help teachers make this approach areality. This paper briefly describesthe
book and discussesin detail one chapter’s activities, where students formulate questions for datafrom agiven
context, choose appropriate graphs to analyze the data, and use simulation and informal inference procedures to find
answers and make decisions.

I ntroduction

H. G. Wdlswrote * Statistica thinking will one day be as necessary for efficient citizenship asthe
ability to read and write’ (Huff, 1954). The National Council of Teachers of Mathematics (NCTM)
recognized this importance by identifying data andysis and probability as one of the content standardsin
Principles and Sandards for School Mathematics (NCTM, 2000). Principlesand Standards suggests
that in the early grades students should spend time on exploration and techniques to graph data and
caculate and interpret summary statistics. They should begin informa experiences with inference. In
upper secondary school, data analysis should build on the foundations established in the lower grades.
Students should apply the procedures they have learned and deepen their understanding of what it means
to andyze data  The curriculum for al students should also focus more on informa inference-finding
ways to generdize about patterns employing the exploratory skillsthey learned in earlier gradesin the
context of drawing conclusions and making decisions.

To help teachers visuaize the standards in their classrooms, NCTM sponsored the Navigation series,
aset of documents framing the standards in each of the content areas and grade levels described in the
Standards, giving example's and discussions about their implementation in the spirit of the Standards.

This paper briefly describes Navigating Through Data Analysis: Grades 9-12, which focuses on the use
of statistical techniques and process of reasoning to make decisions, and expands on one chapter in more
detail.

In the 9-12 data andlysis book, students investigate S mple random samples, the use of random
samples to reduce the possihility of bias, and the relation between sample sze and variability. The next
section contains adivities that explore an actua case sudy involving potentia discrimination and,
through smulation, students decide whether the data support a certain hypothesis. The third chapter, the
focus of this paper, investigates a case study involving cholesterol levels, explores the rdaionship
between two variables, and considers avariety of approaches for analyzing the data. This chapter aso
uses smulation to understand how likely it isthat an observed outcome will occur by chance. The next
section embeds the earlier examplesin the context of how the data were collected by considering the
design of gudies. Thefina chapter suggests several activities that teachers might assign to give sudents
the opportunity to put Satigicd thinking into practice. The examples use data andlysis and sampling
distributions generated through simulations as bases for informa inference in the context of red
Stuations.

NCTM bdievesthat learning is more than acquiring knowledge. Learning implies the ability to use
knowledge in meaningful ways, to deploy knowledge to accomplish atask. To learn “with
understanding, actively building new knowledge from experience and prior knowledge” (NCTM, 2000, p.
11), students must be involved in developing ideas and exploring conjectures. The following guidelines
for teaching statistics are offered to help foster this kind of learning. Students should
. understand the need for and be able to formulate well-defined questions,
begin with a picture of the data,
be involved with organizing and analyzing the data,
have hands-on experience producing data,
identify assumptions,
experience randomization,
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. explore and experiment before using formal agorithms,
. develop aconceptua understanding of statistical concepts, and
. focus onthebigideas, not therules.
These guidelines frame the development of the problem and solution strategies described below.
The Problem: Diet and Cholesterol

Table 1 contains data from a study investigating the effect of dietary change on cholesterol levels
of 24 hospita employees who voluntarily switched from “a standard American diet” to a vegetarian
diet for one month. The data represent their cholesterol levels (in milligrams per deciliter denoted
mg/dL) both before and after the dietary change. The purpose of switching to the new vegetarian
diet is assumed to be to decrease cholesteral level. The focusis on the data; issues of data quality
and selection of sampling units are considered later in the book.

Table 1. Cholesterol Levels Before and After Changing Diets

Before After Before After
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
195 146 169 182
145 155 158 127
205 178 151 149
159 146 197 178
244 208 180 161
166 147 222 187
250 202 168 176
236 215 168 145
192 184 167 14
224 208 161 153
238 206 178 137
197 169 137 125

(Rosner, 1986

Asindicated in the guiddines, formulating a problem that isrelevant for aset of datais criticd in the
decision making process. (“ Students should formulate questions that can be addressed with data and
collect, organize, and display relevant data to answer them (NCTM, 2000, p. 401).") Certain data
analysis techniques will illuminate different aspects of the data; whether these aspects answer the relevant
questions is often overlooked by the beginning researcher. What questions can be answered from the
sudy? In this case the questions might be: Isthe diet effective? Will the diet make a difference for any
patients? If so, which ones? Can a doctor predict, with some degree of catainty, the change in apatient’s
cholesteral after taking the diet? Once the question of interest has been clearly identified, the first eement
in analyssisto find agraph that may help answer that question. Understanding the strengths and
weaknesses of graphsin relation to specific questionsis essentia for making sense of the Stuation. What
can you learn from abox plot that you cannot learn from adot plot and how will what you learn help
you?
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Cholesterol
Level

Some students begin by asking, “ Does the diet make a
difference?’” They construct box plots of ‘Before' cholesterol
levelsand ‘ After’ cholesteral levelsto answer the question.

o4 L However, using box plots treats the data as two independent
samples, students fail to recognize that this display ignores the
pairing of before/after (Figure 1). While the after plot shows

268 overd| lower levels it is not possible to see for whom this change
occurred. The overlap makes any improvementsin level difficult
to determine from thisanalysis. (“ Students should understand
histograms, box plots, and scatter plots, and use them to display
data (NCTM, 2000, p. 401).")

120 L Some students make a scatter plot of (Before After) to answer
the question of whether the diet makes a difference (Figures 2, 3).
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Before After
Figure 1 Box Plots of Before/After Levels
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Figure 2 Scatter Plot (Before, After) Figure 3 Scatterplot with Before = After line

If there were no difference, the initid cholesteral levels would not change with a new diet, and the points
would al be on the lineBefore = After (they = x ling), which provides a reference for andyzing how the
data reflect changes in cholesterol due to diet.

Some students are concerned about the degree of change. What was the largest decrease anyone
experienced? What was the least improvement? How many individuas levels decreased? The varigble
of interest for these questionsis changein level: Improvement= Before— After. A histogram can show
thechangeinlevel. Figure 4 indicatesthat atypical Improvement is about 20 mg/dL after the diet, where
20 is the center of the distribution.

s Using this plat, thinking about the center and spreed,
you can predict the Improvement of arandomly
T selected individuad with some sense of how that
N, prediction may vary, dthough the initid level isnot
taken into account. Note that Smply caculating the
27 mean change (about 20) does not give any indication of
the variability around that mean. Are some changes
very smdl and others very large?

o L e W Are the changes

| small and centered with the rest of the data? The
Figure 4 Histogram of 1mprovement graphs make the variability in the data visble.

Ine previous piots o1 sngie varaoie aistributions did not take advantage of the fact thet the Before
and After scores are paired by the individuas from which they were taken. How does a current
cholesterol level affect what might happen if someone usesthe diet? Can a doctor predict the changein
cholesterol level for apatient if the diet were used? Can an individua expect his cholesterol leve to
drop? If so, how much? Such questions require a plot that gives information about the relationship
between Before and After.

A typica student gpproach isto fit aline to the data and to base conclusions only on the dope of the
resulting equation (Figure 5.) The scatter plot shows that After and Before seem to have alinear
relaionship
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Figure5 Least Squares Line After vs. Before Figure 6 Least Squares Line with After =Before Line
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(“For bivariate measurement data, students should be able to display a scatter plot, describe its shape and
determine regression coefficients, regression equations.... (NCTM 2000, p. 401).”) The equation of the
least squares regression line is approximately: After = 37 + 0.7( Before). This equation and its
corresponding line predict theaver age After leve for given Beforelevels.

Combining the regresson line and the After = Beforeline (Figure 6) adds more to the andys's,
helping answer the question: Does the diet work and for whom? The region below the After = Before line
represents improvement. Points above the line represent
increased cholesterol levels, and points on the line represent no change. The point at which the least
sguares line meets the After = Before line, about (123, 123), represents the point at which the predicted
effect of the diet is“no change.” Thismeansthat for initid cholesterol levels greater than 123 (the
“Before-coordinate’ of the intersection point), the diet is, on average, effective. For lower Before leves, it
isnot. The plot aso showsthat the larger the initid cholesterol leve is, the greater the predicted
improvement after the diet because, asinitid cholesterol level increases, the vertical distance from the
After = Before line and the regression line increases.

This graph has two important idess. Firgt, the After = Before line can be used to identify improved
cholesteral levels. Second, comparing the two lines shows that the average amount of improvement with
the diet isrelated to the initid cholesterol level before the diet. People with higher initid levelstend to
have larger decreasesin levels, on average, than do people with lower initid values. Could adoctor
predict a cholesteral leve for a patient knowing hisinitia cholesterol level, say 220? The doctor might
say 37+0.7(220) or 191. However, the graph of Figur e 6 indicates that, rather than a single vaue, thereis
arange of possible outcomes, there is variability around the line. The least squareslineis not perfect at
prediction. The diet does not account for al the variation in the After cholesterol levels. In some cases,
therange of likely After-diet cholesterol levesincludes the no-Improvement line. Thus, adoctor might
use the information from the plot to predict alevel and arange in which that level might reasonably fall.
Inferences

An important question remains. There seems to be improvement but is that improvement enough to
make the diet adesirable trestment? Inference asks the question “ Are the observed improvements
possibly due to chance, or are they red? (“ Students should develop and evaluate inferences and
predictions that are based on data (NCTM 2000, p. 401).” If the diet actualy has no effect, you might
expect that increase and decrease occur purdly randomly. What is the probability that at least 21
volunteers (out of 24) would improve in a study like the one under consideration? If someone's
cholesteral leve is measured severd times, the measurements would be likely to vary within some
interval. Isit possible that the “improvement” observed in the two columns of data from the study
represent just the naturd variability of individua cholesterol levels? That is, could the diet actudly have
no effect? Inference can help answer: Did “enough” of the volunteers actualy improve? And was the
amount of improvement actualy enough to be meaningful? Both questions can be answered with
smulations, and the underlying reasoning processisidentical in both cases.

The *number who improve,” asuccess, can be considered the statistic of interest. If the diet actualy
has no effect, you would expect about half the outcomes to be successes and about hdf to be failures since
each outcome is due only to chance, not due to the diet. In a set of 24 volunteers you would expect about
12 toimprove. Inthiscase, 21 volunteers improved. What are the chances that as many as 21 would
improveif the diet redlly does not work? A smulation where the variable to observe is * number who
improve’ can be used to investigate the question. (“ Students should use smulations to explore the
vaiability of sample statistics from a known population and to construct sampling distributions (NCTM

2000, p. 401).") A sampling distribution of “number
who improve’ generated for sets of 24 smulated
& “volunteers’ with each volunteer having a fifty-fifty
chance of improving can be used to estimate the
likelihood thet at least 21 volunteers would improve if
the diet had no effect. One such sampling distribution
isillugtrated in Figure 7. Notethat in thissmulation,
the estimated probability of having 21 or more
Figure 7: Sampling distribution of Simulation
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successes by chance alone is zero. Answering the second question, using the actual amounts of
improvement, is discussed in the actud chapter and is beyond the scope of this paper.

Conclusion
The vast amount of data generated in today’ s information world makes it crucid that al students

understand how to use data to make intelligent and judtifiable decisions. . The message in Navigating
Through Data Analysis. Grades 9-12 isthe relevance of dataanaysis and the need for secondary students
to go beyond learning procedures and skills to use them to make reasoned decisons. Diet and Cholesterol
involved making a decison in a stuation where there was variability and uncertainty. Students are given
the opportunity to work through an analysis gpplying procedures and techniques they have aready
learned, evauating what each might bring to the Stuation. In aliterate society individuals should
understand the need to do a careful andlyss of the data they receive at work and in their personal livesto
meake reasoned decisons. Giving students redl Situations where they can apply their knowledge will help
those in gatistics education fulfill their responsibility to see that this god is reached.
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