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Abstract

The ultimate goal of teaching statisticsis to foster an adult population capable of reasoning from and about data and
making informed decisions based on quantitative information. This paper describes several examples of the
difficulty educators have in applying these skills in the context of their work as educators. The dilemmais how to
prepare those involved in the design and delivery of education to understand reasoning with data to interpret and use
information about their schools, teachers, and students to improve what they are doing as an educational system.

The Problem

Citizens are being called upon to make increasingly complex decisions about policies and practicesin the
socio-political, workplace, and consumer arenas. (Franklin & Garfield, 2006; Garfield, 2002; Kader & Perry, 2006).
Crucia skills to make informed decisions include the ability to explain, decide, judge, evaluate, and analyze
information (Rumsey, 2002). Growing evidence suggests that students who learn statistics thisway find it difficult
to apply statistical conceptsin real settings where the concepts are clearly applicable, and their use could help
prevent costly errorsin decision-making (Garfield & Ben Zvi, in preparation). And many involved in the
educational system have never had a course in statistics or quantitative literacy that would give them the background
and tools to make sense of the data about student achievement and understanding with which they are confronted.
Even those who have taken a course often do not leave with any lasting understanding of statistical concepts (Clark
et al, 2003). They have not grasped that measures of center without corresponding measures of spread do not give an
accurate picture of the situation, the necessity of interpreting the variability in graphs of data, the need to have a
“standard” in order to measure both attainment and improvement.

The discussion in this paper draws on professional development work with teachersin several settings,
including alarge Mathematics Science Partnership project funded by the National Science Foundation, Promoting
Rigorous Outcomes in Mathematics and Science Education (PROM/SE). The project, involving over 60 school
districts and 3,000 teachers at five different sitesin Ohio and Michigan and directed by William Schmidt and Joan
Ferrini-Mundy, collected baseline data from all of the teachers and students in the project schools. This paper
describes some of the issues, activities and results of effortsto enable teachers and administrators to understand data
about their students, teachers and schools in addition to issues raised in aresearch project on the use of graphing
calculatorsin beginning algebra

Do you use a graphing calculator on homework?

N Mean Std. Deviation
Percent correct on posttest no 106 43.4486 17.84579
yes 134 52.6580 18.37777
Total 240 48.5905 18.67794
Percent correct on Posttest no
Procedure w/o Connection 106 57.8167 25.27840
items
yes 135 66.1376 24.78913
Total 241 62.4778 25.29402
Percent correct on Posttest no
Procedure with Connection 106 44,2208 19.93464
items
yes 135 56.2449 19.87902
Total 241 50.9563 20.74290
Pe_rcent correct on Posttest no 106 27.4259 17.85066
Doing Math Items
yes 134 31.7697 20.15205
Total 240 29.8512 19.25240

Table 1. Average percent correct on Posttest Items by Cognitive Demand of Items
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Understanding the Relationship between Measures of Center and Spread

“The median home price is $179,000.” “The car averages 32 miles per gallon.” The structure of the
curriculum, the media, and common usage all contribute to using measures of center without regard for how the data
might vary around those measures (Shaughnessy, 1997). The standard deviation is not easily understood and often
misunderstood (Garfield & Ben-Zvi, in preparation). Table 1 shows the results of a posttest test given to 13-14 year
oldsin aproject studying the effect of graphing calculators on students’ understanding of introductory algebra
concepts (Breaux & Burrill, 2007). The items were clustered according to cognitive demand in the categories used
by Stein and colleagues in their work (Stein et al, 2001). It isimportant to view the scores on the posttest for in
terms of both mean and standard deviation, which shows arelatively large spread around the mean.

A box plot reveals more information about the data; showing the range for each category and how the data
are clustered within that range (Figure 1). From thisdisplay it is possible to see that while the median percentage
correct for the items without connections is about the same for those using and not using a calculator, the middle
half of the group of students using a calculator scored higher, from about 50 percent to 82 percent while the no
calculator group went from 38 percent to 71 percent; some students did not score well in either group; the top 25
percent of students using a graphing calculator scored about 11 percent higher than the no calculator use group. One
inference might be that more needs to be done to reach low achieving students.
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Figurel: Average Scores on Algebra ltems by Level of Difficulty

Interpreting the results presented in box plots, however, was difficult for teachers as they have had little
experience reasoning with variability.

Interpreting Box Plots

Unfortunately, our experience overall suggests that thisisacommon problem: some educators have trouble
interpreting box plots, encountering many of the same difficulties that students have in understanding how to read
them: linking length of segments or boxes with frequency of data, misunderstanding the lack of relationship between
plot area and frequency, unable to reason from general characteristics of a set of data, difficulty perceiving how the
data might be clustered within a quartile, problems comparing across groups (Bakker et al, 2006; Makar & Confrey,
2005; Bakker & Gravemeijer, 2004).

Box plots are a primary tool used to represent PROM/SE data (see Figure 2).
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Figure 2: Box plots of Student Achievement on Geometric Concepts by Grades

To overcome the problems educators have in reading these plots, we designed a series of activitiesto help
teachers, many of whom taught box plotsto their students, think about how they might interpret box plotsin the
context of reports on student achievement. Participants considered bar graphs showing individual scoresin aclass,
converted the data to dot plot on the number line and then imposed a box plot over the dot plot (Figures 3 and 4).
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Figure 3: Bar Graphs of Student Scores  Figure 4: Dot /Box Plot of Student Scores

They answered a series of questions about different box plots and discussed how the ideas related to interpreting
scores and comparing across groups (Figures 5 and 6).
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Figure 5: Comparing Classes Figure 6: Comparing Grades

After engaging in avariety of other activities focused on work with box plots, the participant evaluations at the end

97



of the session seemed to indicate they had enough understanding to begin working with their own school data (see
Figure 7 for example).
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Figure 7: Box Plots of Science Achievement

This turned out to be an erroneous assumption, however, and we had to rethink how to approach the
problem. We designed a second set of activities explicitly focused on hel ping teachers recognize the need for scale
in abox plot; interpret an individual case displayed in abox plot; recognize that box plots show both magnitude and
order; compare features across box plots, and see that comparing groups is different than comparing individuals.
One of these activities was designed to help participants internalize key elements of box plots: the combination of
order and magnitude; visible clusters and their relation to the whole distribution, and what you can learn from a box
plot and what you cannot.

A second activity used the number of years of participants' teaching experience to illustrate the role
variability playsin moving from a set of individual values, summarizing these values by finding the mean, repeating
the process for many groups to build a distribution of means and exploring how these distributions are alike and how
they are different. Box plotswere used to represent the distributions (Figures 8 and 9). The discussion explored how
these ideas related to data on their own schools and districts.
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Teaching Experience | Box Plot ” Teaching Experience | Box Plot ”
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Figure 8: Mean years teaching by table Figure 9: Individual years teaching

Although the participants were engaged in these and other related activities and could respond as a group,
once again they were unable to use them to productively examine their own data. Many were unable to come to
grips with the variability, relate medians and quartiles to a set of means, adapt to the shift in population from a
distribution of schoolsin adistrict to adistribution of all of the districts to a distribution of all of the schools; and
unable to make connections across box plots. They found it difficult to examine how student performance in agrade
varied over a set of content expectations and how the same plot could be used to show how students in consecutive
grades performed. The teachers had problems seeing relationships within and across grades.

Thefinal session retreated to offering a table of mean achievement scores, and the discussion focused on
what you could learn just from analyzing these data, without any regard to the variability. The next stepsfor the
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project are to provide each district with an individual analysis including a discussion of the observations about
patterns and trends made by the project staff and to offer to work with district personnel on further interpretations.

The Dilemma
In most US curricula, making and interpreting box plots occurs in the middle grades, for students ages 12 to

14. Theideas arerevisited in some curriculain high school, but the level of cognitive complexity israrely

deepened, and the applications are typically procedural. At the tertiary level, students intending to be teachers do

not always have to take a statistics course; if they do, the course is often a mathematical statistics course; and as
reported above, even with courses that stress reasoning about and with data, the evidence suggests that student
learning is still ill formed. The dilemmais that as more data about teaching and learning becomes more readily
available and the tools for analyzing the data become more sophisticated, the ability to produce useful information
from the analyses is outpacing the capacity of the field to use the knowledge productively. This poses serious
guestions: what degree of statistical literacy should we expect for every one? How can we structure opportunities to
enable those in our educational systems to reach this level and to ensure that a significant cadre in any school system

is able to use statistics to improve their system? Some research has shown that carefully designed activities over a

longer period of time have been successful in generating understanding and the ability to use statistical ideas such as

box plotsin avariety of situations. The challenge that faces the statistical education community is how to take
advantage of this research and find ways to apply it so that we can increase the capacity of the field to improve
educational practices by reasoning and thinking with data.
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