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The effective analysis of quantitative empirical data
typically entails a two-stage process in which data are first sur-
veyed and explored using ‘“‘quick and dirty”’ methods, and then,
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once patterns have been made evident, models are evaluated and
hypotheses tested using the procedures of classic inferential sta-
tistics. Most experienced data analysts employ such a compound
procedure even when their objective is to investigate either theo-
retically well-specified functional dependencies among variables
or the results of carefully planned experiments. Nonetheless, the
first phase of this process, the exploratory phase, is rarely if ever
reported. There are two reasons for this lack of reportorial atten-
tion to the preliminary exploration of data. First, students of data
analysis sometimes are taught that extensive exploration of data
prior to the application of confirmatory tools is somehow suspect,
representing a form of methodological cheating. Second, many of
the exploratory procedures investigators employ are of an ad hoc
nature and are seemingly devoid of an underlying theoretical
rationale. Not willing to have perfectly reasonable findings dis-
missed because the data were used to inform their own analysis or
because procedures were used that are not readily justified, many
analysts engage in extensive exploration of data but do not report
these activities.

John W. Tukey, of Princeton University and Bell Labora-
tories, has formulated a systematic approach to exploratory data
analysis (EDA) that promises to bring this phase of data analysis
out of the closet and into the limelight. Tukey (1977) has de-
veloped a large and diverse array of intuitively sound and theo-
retically supportable tools for exploring data prior to the applica-
tion of confirmatory methods. These tools help investigators
organize data efficiently, construct compelling graphic displays,
examine traditional distributional assumptions, and explore the
structure of functional dependencies—all without recourse to the
probabilistic assumptions basic to traditional statistical methods.
Moreover, they provide a means for remedying such common data
problems as stray data values, asymmetry, nonlinearity, and
location-scale interaction, problems which, if left unresolved, ser-
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iously impair the effectiveness of most confirmatory procedures.
Because Tukey’s methods possess a high degree of resistance (re-
sults are little affected by large deviations in a small subset of data
values) and some robustness (results are little affected by changes
in underlying distributions) they are well suited for preliminary
analyses—especially when, as in most empirical sociological
studies, substantive theory provides little more than a hint of the
functional dependence to be modeled. Exploratory data analysis,
as Tukey envisages it, is essentially a process through which data
are examined to gain insight into how variables should be ex-
pressed, how the functional structure should be modeled, and
what analytic methods should be used to test and evaluate the
model. The vast array of tools he has created facilitates this
process, renders it consistent, and thus possesses the potential of
significantly improving the analysis of quantitative empirical data.

During the last 20 years, work in this area has appeared in
technical journals and books far removed from the literature nor-
mally scanned by sociologists. Although a preliminary version of
Tukey’s text was circulated in the early 1970s, its unique organi-
zation, peculiarly personal style, large size, and lack of theoretical
depth caused his methods to remain arcane and little known to
nonstatisticians throughout this period. His recently published
text (Tukey, 1977), although a reduction in scope from the pre-
liminary edition, has done little to alter this situation. The treatise
still possesses the unique style of the preliminary edition and, con-
sequently, is a difficult book for professionals, let alone beginning
students.

This chapter is our attempt to improve upon this situation
by introducing sociologists to EDA techniques and providing
rationales for their application. In so doing, we wish to demon-
strate the analytic utility of these specific tools and argue for the
general approach of EDA—namely, using the data to inform the
choice and process of an analysis. Moreover, we wish to make a
case for the use of EDA as a pedagogic tool for introducing stu-
dents to quantitative data analysis and the construction of mathe-
matical models. Although Tukey’s writing style may make reading
his text arduous, it is our firm belief, one which has been justified
in the classroom, that teaching EDA before classic inferential
statistics is an effective pedagogic strategy. Alternative texts by
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other authors may ultimately ease the student’s burden. (See the
discussion section on page 361 of this chapter.)

This chapter is organized as follows. We introduce a data
set, the ‘“‘nations data,’” which we shall use in one form or another
throughout the discussion. Each section presents an EDA pro-
cedure for exploring increasingly more complicated data struc-
tures. These methods are then applied illustratively. As the struc-
ture of the data increases in complexity, more complicated tools
are needed and more sophisticated models are developed.

David (1977), Wainer (1977), Kadane (1978), and Beniger
(1978) have presented critical reviews that evaluate Tukey’s text
from several perspectives (see also Welsch, 1978). Such is not our
purpose. Instead, we have chosen to select a variety of methods
Tukey has pioneered and illustrate their application in order to
provide an effective introduction to Tukey’s approach. Readers in-
terested in using Tukey’s book for research or academic purposes
will find the aforementioned reviews useful.

EDA FOR SOCIOLOGISTS

The techniques of EDA possess features that render them
quite useful in many of the analytic situations faced by empirical
sociologists. Most empirical sociological research, if not com-
pletely atheoretical, is guided at best by vague notions concerning
which variables should be included in an explanatory model. The
absence of compelling theory, particularly evident in applied
sociology, program evaluation, and policy studies, is compounded
by the fact that often the empirical scientist or policy analyst
must resort to a study of someone else’s data. Such secondary data
analyses usually require the analyst to use measures that rarely
correspond to theoretical variables. Moreover, such analyses often
have relevant observations missing, involve measurements made
among arbitrarily chosen scales, and have data organized in an
analytically arbitrary manner.

Exploratory data analysis can be of great assistance when
such secondary analyses are undertaken. It provides methods for
organizing and summarizing data, for detecting data characteris-
tics that invalidate the usual statistical assumptions, for con-
structing reasonable models in the absence of directing theory,
and for estimating parameters even in the presence of deviant or
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missing values. Thus it provides the empirical sociologist with a
new way to attack data, one that is particularly effective and
relevant.

While EDA procedures possess high utility in analyzing
secondary or poor-quality data or when theory does not provide
insight into the exact specification of a model, they can still play an
important role when more favorable conditions prevail. When, for
example, a carefully constructed experiment has supposedly pre-
determined the nature of the analysis, or when theory guides the
initial choice of the functional form of an equation for modeling the
data, the use of EDA procedures often yields more effective func-
tional forms or scale adjustments that make for a more produc-
tive analysis and, consequently, greater understanding. Often,
too, unforeseen results emerge that might otherwise have been en-
tirely overlooked.

Exploratory data analysis has another potentially far-
reaching role to play. Because of its emphasis on graphics, lack of
distributional assumptions, and use of iterative fitting procedures,
EDA represents an unexcelled vehicle for introducing sociology
students to quantitative data analysis and mathematical modeling.
As an introduction to traditional statistical ideas, EDA provides
students with a set of easily understood tools whose quality of
“face validity” enables them to amass a solid base of analytic
experience before encountering the abstract notions of traditional
statistical inference. Moreover, a solid grounding in EDA often
provides students with a healthy attitude toward data; they learn
that data are not sacrosanct and may require adjustments before
effective analysis can commence. By discovering that the data can
provide the analyst with information about how they should be
analyzed, students learn to eschew blind mechanical application
of analytic procedures and develop, instead, an inquisitive, ana-
lytic approach that promotes the creative exploitation of em-
pirical data and helps them understand model-building activities
in general (Leinhardt and Wasserman, 1978; in press).

TOOLS FOR SINGLE BATCHES

Among his many other contributions, Tukey has intro-
duced a specialized terminology that some will rue and others will
find intuitively appealing. Much like the proverbial scorecard at a
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baseball game, however, one cannot read about EDA without a
functional knowledge of Tukey’s terms. We introduce some of
these special terms as we proceed, but it may be useful to consider
briefly why they are needed.

With many EDA tools, such as the stem-and-leaf display de-
scribed later on, no classic equivalent exists, and a name for the
display is obviously required. In this case, as in all others, Tukey
has attempted to create a name that is a simple description of the
procedure or a mnemonic for recalling a quality of either the pro-
cedure or some part of the procedure. With some terms, such as
the Ainge, an approximate quartile, the reference is obscure, and
some may question its mnemonic utility. With other terms, such
as fence and comparison value, the names are readily accepted once
the roles of the procedures are understood. In several cases, there
is an existing classic term referring to a concept quite similar to an
EDA term. The term hinge is an example. It is a sample statistic
that is approximately equal to a quartile, an estimate of the 25th
and 75th percentage points of an underlying probability function.
However, it is important to emphasize that, while similar, the
classic and EDA calculations may yield different results in some
circumstances. Thus, to assure consistency and comprehension,
separate terms should be used. Indeed some EDA authors, who
are dissatisfied with Tukey’s choice of words, have adopted al-
ternative terminology, such as the terms quarter or fourth for hinge
(Hoaglin, in press). Sometimes, as with the term quarter, the
change increases consistency. Quarters lead naturally to eighths,
sixteenths, and so on, all of which are sample order statistics com-
puted in a manner consistent with the computation of a quarter.
While a consistent nomenclature is desirable, none has evolved as
of this writing; therefore in what follows, we utilize Tukey’s
terminology and give alternative terms that have come to our
attention.

Stem-and-Leaf Displays

The first concept we introduce in a quasi-formal manner is
a batch—a set of similar values collected in some consistent
fashion. This notion of a batch of data is fundamental and is kept
purposefully vague. It is the EDA equivalent of the classic defini-
tion of a data set as a collection of empirical realizations of a ran-



