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D

Daily Living Skills

Daily living skills—sometimes called “survival skills™
r “life skills"—include those competencies which

are commonly used in day-to-day life. They are the

capabilities which are necessary for functioning both

at home and in society.

There are two worldwide educational trends which
emphasize daily living skills. In countries where large
portions of the population have had little or no formal
education, educational programs are being expanded
to provide more students with more instruction in
the skills necessary for daily living. In countries where
nearly evervone receives several years of schooling.
educational programs are being changed by elim-
inating extrancous or very theoretical items from
the compulsory curricula, to make room for a core
of more practical or “relevant” competencies in a
large number of subject areas.

There has been a tendency among curriculum plan-
ners in many countries (particularly since the emerg-
ence of competency-based education) to differentiate
among three categories of core competencies: basic
skills (providing a foundation for further education)
(see Basic Skills), life skills, and job-preparation
skills. There is. of course. a tremendous overlap
between these categories. and most experts agree
that numeracy and literacy are at the cognitive core
of each,

1. Literacy

Literacy generally includes not only reading and writ-
ing, but also facility with the related language skills
of speaking and listening. Even experts within indi-
vidual countries disagree significantly about how
d:.w.loped these skills must be in order to achieve

“minimal” competence. Nevertheless, they do recog-
nize that literacy. at some level, is a prerequisite
for normal, daily living in virtually every society.
Furthermore, reading, writing, speaking, and listen-
ing skills are fundamental learning tools and are
therefore essential for further education and con-
tinued intellectual growth beyond “minimal™ or
“survival” levels.

It is worth mentioning here that literacy has not
always been recognized as a necessary skill for daily
living. At the end of the eighteenth century, “lit-
eracy” was frequently judged by the capacity of a
person to form the letters of their name. Further-
more, even that minimal level of competence was
mastered by less than half of the population in the
developed nations of Europe (Resnick and Resnick

1977). It is quite apparent that, over the last 200
years, there has been a substantial increase in societal
expectations concerning literacy and a substantial
increase in actual skill levels (by whatever definition
of literacy used).

There seems to be general agreement that complex
technological and/or bureaucratic societies demand
higher levels of literacy. However. even in the rural
areas of Asia, Africa, and Latin America, there is
evidence of a growing determination to increase the
level of literacy. The five-year readership promotion
campaign in Malaysia (launched in 1980) and the
earlier Brazilian literacy movement (MOBRAL) are
just two examples of a worldwide trend.

2. Computer Literacy

An emerging “convenience’ in a few highly tech-
nological societies. computer literacy may well
become a necessity of survival in the not-so-distant
future. Already, in the Federal Republic of
Germany. for example, the Federal States. the
Gesellschaft fuer Informarik . and various committees
of the Ministry of Science have demanded that the
basics of computers and informatics be taught in
the schools. Similar suggestions can be heard from
Scotland's Munn Committee (1977) and in the new
curriculum (Lgr 80) implemented in Sweden in 1982,

In several countries computer literacy is regarded
as a “daily living skill" for tomorrow’s adults. It is
therefore appropriately being identified as an area
for emphasis in today's schools,

3. Mathematics

Curricular change in mathematics has been markedly
tumultuous durning the 1970s and early 1980s. There
has been an almost worldwide shift in emphasis from
the highly theoretical to the more practical—away
from “new math” (see New Mathematics), and “back
to basics” (see Back to Basics Movement). In other
words, there has been an increasing educational focus
on daily living skills, job-preparation skills, and basic
skills needed for further education.

In the Federal Repubhc of Germany a single
term is used to
include all three of the above skill categories, and it
is being given increased emphasis in the curriculum.
In Sweden, Kenya, and South Australia, new math-
ematics curricula (implemented in the early 1980s)
quite explicitly lay special stress on daily living skills.
Each of these programs includes extensive testing to
monitor the mastery of individual skills,
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Daily Living Skills

Numerous studies are being made to identify pre-
cise lists of necessary mathematical competencies.
One of the most convenient sources of input is poten-
tial employers. In England, for example, the Shell
Centre for Mathematical Education has been doing
extensive research on the mathematical needs of
school leavers entering employment. The Education
for the Industrial Society Project has been per-
forming similar investigations in Scotland, as has the
University of Klagenfurt in Austria.

In some school systems, a focus on survival or daily
living skills has been seen as a rationale for trimming
down the curriculum and, concurrently, trimming
down the budget. However, while serious inguiries
are identifying some mathematical skills which do
not have to be taught, they are identifying many
more topics which are not being emphasized and
should be. A 1979 survey by the Science Education
Center of the University of the Philippines, and a
slightly earlier study in the Federal Republic of
Germany, are just two examples which support the
growing realization that “trimming back” curricula
to include basic, necessary, or relevant skills will
result, in most societies, in an increase in the amount
of mathematics instruction,

4. Multple Subject Areas

While numeracy and literacy are widely thought of
as the academic core of daily living skills, they are
not generally considered the only skills necessary for
survival in day-to-day life. Unfortunately, it would be
quite impossible to construct a universally acceptable
list of such skills. The individual items would vary
significantly from country to country (depending on
the level of technological development, the political
system, cultural traditions, and even the climate).
Nevertheless, in specific geographical areas, efforts
have been made to identify (and implement in the
school curriculum) a broad range of competencies
used in daily living.

In British Columbia (Canada), for example, the
Ministry of Education has introduced a core cur-
riculum identifying the competencies which are gen-
erally accepted there as essential—competencies
which should be mastered by all students throughout
the province. This core curriculum focuses on basic
skills 1, the areas of language, measurement and
computation, scientific approach, cultural and physi-
cal heritage, analysis research, study and problem
solving, and healthful living (Ministry of Education
1977).

. The Maryland (UsA) State Board of Education has
outlined five areas in which students should develop
at least mimi competencies ( y for gradu-
ation after 1982): basic skills (numeracy and literacy),
survival skills (consumer, parenting, interpersonal,
mechanical, and financial), work skills, leisure skills,
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and citizenship skills (see Basic Skills: Leisure-time
Education; Civic Education).

The important characteristic of the new curriculain
both British Columbia and Maryland is the emphasis
placed on learning skills which are needed for living,
for working, and for learning. Similar movements
toward educational relevance in multiple subject
areas can be found at various stages of consideration
or implementation throughout the world. In
Scotland, the Munn Report (1977) provides one
instance of curriculum change at the consideration
stage. In Australia, the Northern Territory Depart-
ment of Education reached the implementation stage
in seven subject areas in 1981.

The relevance of education to daily living experi-
ences has become a fundamental concern throughout
the world. There is a clear understanding that, while
in school, individuals must be given more knowledge
and must develop more skills than they would have
needed to survive a generation ago. Educational
planning, then, has focused on providing the
opportunities for more learning to more students,
and on assuring that programs include the minimal
competencies for daily living.
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Dalton Plan

The system of dividing the subjects of the curriculum
into two parts and providing highly individualized
contracts of work to students for the academic
subjects, and class groups for the vocational, social,
and physical activities developed by Helen Parkhurst
was known as the "Dalton Plan". 1t was very popular
and widely imitated throughout the Unijted States,
the Soviet Union, England and Wales, other English-
speaking countries, and Europe from the early 1920s.
Academic subjects were organized sequentially and
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students worked individually. The vocational sub-
jects were grouped and students worked in classes in
a nongraded way. The freedom allowed to individual
children and the organization of teaching were said
to increase the efficiency of schocls when compared
to the traditional forms of school organization and
instruction, and to introduce into schools *com-
munity principles and practices”. The Dalton plan
offered procedures for organizing learning when
changes were being contemplated, and appealed to
the educational progressives’ concern for freedom,
individual expression, and social cooperation as an
alternative to the formalism of the class lesson.

Helen Parkhurst developed the Dalton plan,
known also as the "Dalton Laboratory Plan™, to
meet the criticisms of contemporary education and to
provide a favourable environment in which children
could prepare for life, freedom, and responsibility as
“industrious, sincere, open-minded, and indepen-
dent” individuals (Parkhurst 1923 p. 5). Learning
had to be combined with experience to test character,
to form judgment, and to develop self-discipline in
social experience. She drew on her experience teach-
ing in a rural school with 40 pupils over eight grades
and in high school, primary school, normal training
schools, and a training college. Her reading in 1908
of E. . Swift's Mind in the Making: A Study in Mental
Deve-‘ofpmem (Scribners’, New York} introduced the
idea of an “‘educational laboratory™ where student
activity replaced the didactic method. A plan of work
for children between 8 and 12 years of age which was
finalized in 1913 “aimed at the entire reorganization
of school life” (Parkhurst 1923 p. 11). Further work
eliminated the restriction of the timetable through
organizing pupils into groups with a free choice of
the studies in laboratories with specialist instructors.
Additional experience included working with Dr
Maria Montessori in Italy and introducing the
Montessori Method to California in 1915 (see
Montessori Method), undertaking a practical test of
the laboratory plan through the help of Dr F. Burk,
and more work on the laboratory plan in 1918 with
the support of Dr M. V. O’Shea of Wisconsin Uni-
versity. In 1919 the laboratory plan was applied in
the ungraded Berkshire Cripple School for boys, and,
after attracting much interest, it was introduced on
a larger scale in 1920 at the Dalton High School,
Massachusetts. One early visitor to the school was
Belle Rennie, an English pioneer of educational
change, whose account of the Dalton laboratory plan
in the Times Educational Supplement in May 1920
led to Helen Parkhurst visiting England in July 1921.
Her ideas were received enthusiastically.

The Dalton plan called for the reorganization of
the school so that it functioned as a community where
the individual was free to develop in culture and
experience and prepare for life. The school both
provided freedom for the students to work without
interruption and at their own pace, and required

cooperation in the social experience of the school
community. Character and knowledge were deter-
mined by the experience of living and working as a
member of society rather than upon the subjects of
the curriculum. The Dalton plan was not advanced
as a panacea for academic ailments. Rather it pro-
vided “"a way through which the teacher can get at
the problem of child psychology and the pupil at
the problem of learning”. School situations were
diagnosed “in terms of boys and girls. Subject
difficulties concern students. not teachers. The cur-
riculum is but our technique. a means to an end”
(Parkhurst 1923 p. 23).

Teaching and learning were reconciled in the edu-
cational reorganization involved in implementing the
Dalton plan. Once the curriculum was agreed to.
students were assigned to a class. The work for 12
months was presented to all students at the beginning
of the year. Students accepted the tasks assigned for
each month as contracts to be signed and returned
to the teacher when the tasks were completed. The
curriculum was arranged for convenience into major
and minor subjects. The major subjects were: math-
ematics, history, science, English. geography,
foreign languages, and so on. The minor subjects
were: music, art, handiwork, domestic science, man-
ual training, gymnastlcs and so on. Students pro-
gressed at their own rate, organizing their methods
of working as they thought best. This arrangement
secured the understanding of the work and gave
students a sense of purpose and responsibility.

One laboratory for each subject of the curriculum
with a specialist teacher in each was an essential
feature of the Dalton plan. The laboratories were
places where the students were free to work on their
contract tasks without the distraction of shifts from
one tdsk to another determined by a time-table.
Group work was encouraged by the requirement that
all members of any class in any laboratory at one
time should work together as a stimulus to discussion
and as part of the exercise of social influences. The
progress of students was recorded on graphs and
reviewed regularly by the teacher and the students
as a vital means of assessing progress and providing
support.

Written assignments were central to the contract
system. These set out the work to be covered in
each subject in as much detail as determined by
the specialist teachers bearing in mind the books.
equipment, and other teaching materials available in
the relevant laboratory. Typically the school day
was divided into free time for work on contract
assignments in the morning from 8.45 a.m. to 12
noon, followed by a pupil assembly and faculty con-
ference until 12,30 p.m., and group conferences for
reviewing progress until lunch at 1.00 p-m. The after-
noon session was devoted to work in class groups on
vocational or recreational activities.

The widespread popularity of the Dalton plan lay,
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in part, in the ease with which it could be varied
and modified to suit particular circumstances such as
limitations of space and the size of schools. Parkhurst
encouraged this provided the spirit of the plan was
preserved and schools for children under 9 years of
age were excluded. Despite the emphasis on the
suitability of the Dalton plan in catering for individual
differences, the prescription of monthly work con-
tracts in the case of slow or reluctant learners became
a major limitation on the success of the plan as
outlined by Parkhurst. It also lacked the detailed
form and preoccupation with research and experi-
mentation of the Winnetka scheme.

See also; Curriculum Integration; Winnetka Scheme; Indi-
vidualized Instruction; Keller Plan: A Personalized System
of Instruction; Teaching Methods, History of
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Dance: Educational Programs

Within the American public school system, dance has
been traditionally associated with physical education.
This is reflected in the place of dance in the curricu-
lum, the training and certification of dance teachers,
and the content of learning experiences at the
elementary and secondary levels. Currently, the field
is marked by conflicting perceptions as to the mean-
ing and function of dance as a separate discipline,
from the conventional wisdom of society without,
and from the educational community within. Avail-
able research while sparse and unstandardized, pre-
sents initial data on the status of dance in the schools
and its attendant problems.

Dance in education has its origins in the expressive,
improvisational forms developed by Isadora Duncan
in the early part of the twentieth century. Her
approach to movement and the use of the body, as
a dramatic departure from ballet, was embraced by
some educators as a unique contribution to the
development of students. Its pertinence was viewed
as evoking in students a consciousness of themselves
as individual entities at a time of increasing mass
education, allowing for their participation in an edu-
cational process based on their own personalities.
This approach became a new current in dance edu-
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cation along with the prevailing folk dance and, on a
more professional level, ballet. As most practitioners
were involved in private schools, and dance (as folk
dance) had become institutionalized into public
schools, “modern™ dance, as it was called. played a
greater or lesser role in the ensuing years. Its entry
into the public schools has been essentially through
the efforts of individual teachers wishing to effect
their own classes, or those few within the educational
structure who recognized the arts as fundamental to
education.

1. Definition

As an art form, dance may be defined as the
expression of ideas, feelings, and sensory impressions
in movement forms achieved through the unique use
of the body. It is the language of movement which
speaks through the vocabulary of space, time, and
force, that is, a movement is shaped in relation to
the space it occupies, the time it uses, and the energy
which gives it power. These elements constitute the
materials of dance and are essential in forming its
kinesthetic-visual image (Dimondstein 1971).

Movement comes into being only through the com-
bined use of these elements, but there is no objec-
tively defined sequence. Yet, each achieves definition
through an investigation of its formal properties:
space, through direction, level, and range; time,
expressed through the internal rhythms of the body
(Eulse. heartbeat, breath) and the external metrical
rhythms (beat, accent, measure); force, through con-
trasts of sustained, swinging, percussive, vibratory
movements.

2. Distinguishing Characteristics

Within the context of general education, the practice
of making dance an adjunct to physical education has
tended to equate it with recreation or physical skill,
neglecting its characteristics as an art form. Although
body control is the basis of all motor activity, control
in dance differs from skills or techniques associated
with sports or gymnastics. Dance is geared neither
toward the refinement or skills in themselves nor
toward competitive ends. Whether it is performed as
an individual or group activity, its means are not
rule bound as in a game, nor are its aims toward
predetermined goals.

Dance involves kinesthetic perception, that is, an
understanding and appreciation of movement devel-
oped through a “muscle sense.” Evidence of such
perception comes through a conscious awareness of
the body: moving through space alone, in relation to
others, and to the physical environment; responding
to the dimensions of time, both metrical and created;
resisting or acquiescing to gravity by restraining or
expending energy. All of these function toward the
controlled use of the body in expressing ideas and
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feelings. Thus, while work in dance technigues aids
students in developing motor skills. technique alone
is not sufficient in this process of discovering the
qualities of expression that accompany each move-
ment ],'}BTIETI'I.

The progression is one of transforming natural or
basic movements (walking, running, leaping, swing-
ing, turning) into improvisations (using basic move-
ments to respond spontanecusly to specific ideas
intitiated by the student or teacher), into dance
studies (arranging movements into more organized
sequences), into choreography (structuring more
complex dances using conventional or invented
forms). In addition to the performing aspects, a well-
balanced program helps students at all levels to
develop critical judgments of their own work and
that of others, and to communicate their ideas in
appropriate verbal terms. The process may not be
sequential and is not determined by age. It is one of
presenting creative dance problems which move from
simple to increasingly sophisticated solution
which students respond according to their sensibili
and capacity at any given time.

3. Research

There was little research until the 1960s, a period of
general curriculum assessment. Educators, aided by
federal money, reconsidered the role of the arts in
affecting general education. The perceived dichot-
omy between dance as a performing art and as an
educational discipline led to innovative projects such
as “Arts in General Education” (dance related 1o
other subject matter) (Madeja 1973), “Aesthetic
Education™ (dance as a separate area), and * Artists
in  Schools” ({professional dance residencies)
(National Endowment for the Arts 1976). Most
existed on a regional basis or were designed for
particular school districts; some were igitiated by
dance educators within school systems through extra-
curricular local agreements. Evaluations, while pro-

of young children, resulting in no clarity of purpose
or coherent design. Problems were identified as
inadequate college preparation, lack of inservice pro-
grams, and insufficient interest from sports-oriented
personnel. Most pervasive is the conclusion that
dance is relegated to the fringes of physical education
programs and that even when taught in relation to
other subjects, it retains a secondary character.

A survey on the status of dance in the secondary
schools concerned the training and certification of
teachers, and opportunities for students (American
Alliance for Health, Physical Education. and Rec-
reation 1971). The findings confirmed the previous
study that college programs consisted primarily of
physical education courses; some offered dance
courses within physical education. a few included
dance majors or ors, and almost none provided
graduate degrees in dance education. In terms of
opportunities for students, dance classes were offered
in junior high {ages 12 to 14) with the number and
frequency increasing in senior high (ages 15 to 18).
with a maximum at age 15. Lacking specialization.
most teachers had physical education backgrounds
and were found inadequately trained in dance.
Significantly. dance classes at this level are available
only as “‘electives” for talented or interested students
and do not qualify with other subjects for college
entrance (see Elective Subjects).

Thus, available research suggests that dance is
not regarded as a substantive area within general
education, and is not given academic parity in terms
of professional preparation, instruction, time. and
facilities. Despite the successes of many experimental
projects, most states still do not require dance as part
of the curriculum and offerings are largely deter-
mined by the size of the school population and avail-
ability of competent staff. Contributing factors are
school administrators unresponsive to granting dance
a higher status, curriculum developers with insuf-
ficient training and experience to conceptualize pro-
grams, and lack of state certification to standardize

grammatic, revealed a range of student achi

from dance used as a unique mode of knowing and
feeling, to incremental learnings in other subjects, to
a heightened interest in schooling. Such implications,
however, did not penetrate the mainstream of gen-
eral education.

Limited research within the field reflects internal
contradictions both theoretical and practical. A 1967
study conducted to determine the status of children’s
dance in elementary schools revealed fundamental
misconceptions among practitioners as to the nature
and function of dance (American Alliance for
Health, Physical Education, and Recreation 1971).
Although termed “dance,” activities fell mostly into
categories of rhythmic games, calesthenics, folk and
square dance (with major emphasis on the latter).
Curriculum leaders were found lacking a rationale as
to the contribution of dance to the total development

requir .

4. Issues and Concerns

Apart from empirical research, the controversies
continue to generate literature around two central
issues: the lack of consensus between physical edu-
cation and dance education regarding the place of
dance in the curriculum, and its function in the larger
educational spectrum.

Among physical educators there are several cur-
rents, the dominant of which accepts no separation
of dance from physical education, but projects a
comprehensive program in which both would be
complementary rather than competitive. The posi-
tion taken by dance educators (and some generalists)
is that dance is a form of educational development
not available in other academic subjects. As such. it
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is a body of knowledge which requires study of its
historical, aesthetic, and performing aspects, as well
as its connections to other areas. Therefore, the
important issues to be examined are the aims and
content of dance as the theoretical framework for
curriculum planning and research. These issues pro-
ject a curriculum geared toward the development of
aesthetic perception of dance as an art, that is, an
ability to understand the formal, kinesthetic, and
expressive elements found in various forms, and to
interpret these meanings in relation to other knowl-
edge. Such learnings would be acquired through
direct participation, observation of performances,
and reading and writing about dance.

To establish dance as a basic part of the school
program would be to focus on its distinctive content
and its relation to the broad aims of education. The
concern is that dance should be separated from physi-
cal education and that its relation to other areas
of subject matter be one of coexistence. Thus, the
position within physical education is one of doing
what is being done better; the other implies a fun-
damental philosophical and organizational change in
conception, leadership, and instruction.

See also; Physical Education Programs
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Data Analysis: Exploratory

Exploratory data analysis (EDA) is a collection of
specialized tools and an approach to the analysis of
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numerical data which emphasizes the use of graphic
displays and outlier resistant methods to detect and
model patterns in data. Numerous researchers and
statisticians have contributed to the development of
EDA but the primary source of ideas is generally
acknowledged to be John Tukey. Although many
EDA tools have been known for some time, Tukey
has created new procedures, improved older ones.
and knitted them all together into a systematic
method. Tukey's work, only partially described in
his book, Exploratory Data Analysis (Tukey 1977),
provides the data analyst with new capabilities for
uncovering the information contained in numerical
data and for constructing descriptive models,

Data exploration, as Tukey envisages it. is not
simply an exercise in the application of novel tools.
It is a phase of the empirical research activity, one
which follows data collection {or acquisition) and
precedes the application of confirmatory or
“classical” inferential procedures (Tukey 1973). It
is, thus, part of that twilight zone which experienced
researchers find so exciting and challenging, novice
researchers fear and misunderstand,” and few
researchers ever report. The excitement of this phase
of research derives in large measure from the pros-
pect of discovering unforeseen or unexpected pat-
terns in the data and, consequently, gaining new
insights and understanding of natural phenomena.
The fear that novices feel is partly a response to this
uncertainty, but it is also partly due to traditional
teaching which holds that “*playing around" with data
is not “good" science, not replicable, and, perhaps,
fraudulent. Many experienced researchers pay lip
service to this view, while surreptitiously employing
ad hoc exploratory procedures that they have learned
are essential to research. Exploratory data analysis
by making exploration routine and systematic, and
by using theoretically justifiable procedures, opens
the exploratory phase of research to public review,
enhancesits effectiveness, and allows for replicability.

Because Tukey's methods exploit the natural
behavior of measurements, they allow researchers
to rely on their intuitions. The simple logic of the
methods helps clarify the process of modeling data
and, consequently, makes it easier to detect errors
in data or departures from underlying assumptions.
Much of this is due to the graphical devices Tukey
invented which are central to this approach because
of their ability to portray a wide range of patterns
that data can take. Well-designed graphics, such as
those used in EDA, are useful for the guided searching
that characterizes exploration and are also attractive
mechanisris for communicating results to nontech-
nical audiences. As a consequence, EDA can serve in
data analysis and for reporting the results of an
analysis.

Many of the methods in EDA fall on the frontiers
of applied statistics. Two important topics in statistics
today are the robustness and resistance of methods,
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terms which refer to the ability of a procedure to give
reasonable results in the face of empirical deviations
from underlying theoretical assumptions. Clearly,
robust and resistant methods are particularly advan-
tageous in social science research because empirical
social science data are so often obtained in an ad hoc
fashion, frequently under nonreplicable circum-
stances, on opportunistically defined variables whose
relation to substantive theoretical constructs are
vague at best. Exploratory data analysis is especially
important in educational research, where many of
the variables studied and data collected are brought
into analyses not because well-verified, substantive
theory demands their inclusion, but rather because
investigators “feel” they ought to be, because they
are “convenient” to use, or because measurements
have been recorded in some assumed “‘reasonable™
manner. Nor are the data typically produced as a
conseguence of a scientifically designed experiment.
It is precisely in such research that EDA can be used
to its greatest advantage because it is here that an
open mind is an absolute necessity: the analyst rarely
has the support of theoretically based expectations,
and the real task confronting the data analyst is to
explore—to search for ideas that make sense of the
data (Simon 1977).

In the following brief description of EDA, only a
few of the more usable techniques and the philo-
sophical behind EDA are pr d. Math-
ematical details are avoided but references to more
extensive treatments are provided. The general
objective of the procedures presented can be easily
summarized. The procedures are tools for achieving
resistant estimates of parameters for traditional addi-
tive and linear models. In this respect, they speak to
a common empirical problem, the presence of out-
liers in data and the sensitivity of traditional methods
of parameter estimation to highly deviant obser-
vations. Resistant analogs to three cases are
presented: (a) a set of observations on a single factor
atone level, (b) asetof observations on a single factor
with multiple levels, and (c) a set of observations on
two factors. In each case, the traditional approach to
parameter estimation is mentioned first and then the
EDA approach is detailed.

1. Organizing and Summarizing Individual
Batches of Data

One of the first tangible products of a quantitative
research project is a set of numbers, ““data” that
might contain information about the phenomenon or
process under investigation. In many cases, the sheer
amount of data to be analyzed can be overwhelming,
leading an investigator to rely on summaries rather
than dealing with all the values obtained. In addition
to the impact that quantity can have, computer
routines often present data values and summary stat-
istics in a printed format which obscures rather than

elucidates data properties. Automatically produced
by routines designed to handle a wide variety of
situations, output listings typically contain much that
is distracting (e.g., decimal points, leading and trail-
ing zeros, scientific notation) and little that is fun-
damental. In addition. such routines are usually
designed to present values in what might be called
an accounting framework, one that facilitates the
location of identified values but provides little insight
into the overall behavior of the data.

Even a small collection of data, for example, three
variables for 50 cases, is extremely hard to visualize
or to get a feel for. What is neéded is a technigue
that preserves the detail of values but eliminates
distracting noise and contributes 1o a first level of
understanding. The stem-and-leaf display and the
box plot are two such technigues,

2. Visual Organization: Stem-and-leaf Display

The stem-and-leaf display is an immensely useful and
easily appreciated exploratory tool which ean provide
insightful first impressions. It combines the features
of a sorting operation with those of a histogram. The
basic procedure can be used to organize and provide
information cn a single batch of values in a wide
variety of circumstances. (A batch is a collection ot
observations on a variable. The term is not meant to
convey any notion of sampling from a population.)

Figure 1 presents a stem-and-leaf display of the
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A stem-and-leaf display of direct silent
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number of 3-minute segments out of 40 in which each
of 53 children were observed to be reading silently
and is referred to as direct silent in the figure
(Leinhardt et al. 1981). The arrows, words, and
circles are for explanation only. To construct a stem-
and-leaf display, each number in a batch is par-
titioned into a ting part (to the left of the bar)
and a leaf (to the right of the bar). When single digits
are used in leaves cach starting part will be an order
of magnitude larger than each leaf. A set of leaves
for a given starting part is a stem. The unit of display
records the scaled value. _

To reconstruct a data value, juxtapose a starting
part with a leaf and multiply by the unit. For example,
consider the two leaves that form the first stem of
Fig. 1. 6 and 9. To reconstruct the two data values
that these leaves represent, simply juxtapose each
leaf with the common starting part, 0, and muiuggv
by 0.01. that is, 06 x 0.01 = (.06; 09 x 0.01 =0
As another example. consider the bottom-most stem
in Fig. 1. It has only one leaf, 3. Juxtaposing the 3
with its starting part, 16, and mulitplying by 0.01
vields 1.63. There are three starting parts 13, 14, and
15 that have no stems or leaves. This indicates that
no observations have values between 1.27 and 1.63.

The display in Fig. 1 is actually the result of a two-
step procedure (assuming the operation is carried cut
by hand). The first step normally yields a display in
which the starting parts are ordered but the leaves
on each stem are not. In the second step, each stem’s
leaves are ordered. This two-step procedure makes
sorting a reasonably efficient operation.

Because all values in the display are represented
by leaves occupying equal amounts of space, the
length of a stem is proportional to the number of
observations it contains. Thus, the display is like a
histogram and provides information on shape and
variation while also retaining information on indi-
vidual values. This is true after the first step in con-
struction. After the second step. the values are com-
pletely ordered and the display takes on the features
of a sort. Because the display is like a histogram,
anyvone studyving it can get the same kind of feeling
for such elementary batch characteristics as overall
pattern. bunching. hollows, outliers, and skewness
that histograms provide. Those features that are akin
to a sort allow the determination of maximum and
minimum values guickly and, from them, the range
of the values which can be used as a measure of
overall variation,

Adding an inwardly cumulating count (depth) to
the display greatly expands its utility. It facilitates
finding other order statistics besides the maximum
and minimum. such as the overall median and the
medians of the upper and lower halves of the batch,
which Tukey calls the “hinges.” To form such a
count, the number of leaves on a stem are cumulated
from both ends in towards the middle. The median
is located (not its value) at a depth halfway into the
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batch from either end. The count of the number of
leaves on the stem containing the median is given and
put between parentheses because it is not cumulative.,

To illustrate the use of this column of inwardly
cumulating counts, the count column will be used to
find the values of the median of the data in Fig. 1.
The median will be located at depth (n + 1)/2. Since
there are 53 values, the median 1s at depth 27, that
is, it is the 27th value in from either the high or low
end of the sorted values. Counting into the batch
from the low-value end (which happens to be at the
top of this display), it can be seen that the 27th value
is represented by a leaf on the fourth stem. The
value of the median could just as easily have been
determined by counting into the batch from the high-
value end (at the bottom of the display).

While the stem-and-leaf display 1s useful for
describing data, it can also be an effective exploratory
tool. For example, looking at Fig. [ an asymmetry
can be seen skewing the values toward the high end.
The clustering between 0.1 and 0.4 is obvious, as are
the two groups at 0.6 and 0.8 and the modal group
at 0.3. The minimum value, 0.06, and the maximum
value, 1.63, are easily determined. There is a gap
apparent between 1.27 and 1.63. A researcher might
be concerned, even at this point, with the question
of why the maximum value seems to straggle out so
much.

3. Numeric Summarization: Number Summaries

and Lenter-value Displays

While the stem-and-leaf display is a convenient and
easily understood tool, it has its drawbacks. This is
most evident when different batches of values are
being compared. Although a simple comparison of
the shapes of two baiches can be achieved by placing
the leaves of one batch on one side and the leaves of
the second batch on the other side of a common set
of starting parts. simultaneously comparing three or
more batches using stem-and-leaf displays s
obviously going to be difficult, possibly even confus-
ing. While the visual quality of the stem-and-leaf
display is & true asset in any first look at the behavior
of a batch, it may be burdensome to continue to work
with all the data values at once rather than a set of
summary statistics.

The question is which summary statistics to use.
The problem with choosing the mean and related
statistics, such as the standard deviation, is their lack
of resistance to the impact that one or a few deviant
data values can have. Because the mean is a ratio of
a sum to the number of values making up the sum,
it can be equal to anything by simply changing a
single value in the sum. This is not a problem, of
course, if the data are reasonably well-behaved.
Empirical data, however, often contain deviant
values. Indeed. “weird” or “funny" values are rather
commonplace occurrences (recall the value of 1.63
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in Fig. 1) and, regardless of their source, they can
cause traditional summary statistics to misinform.

Other statistics exist which are less sensitive to
deviant values than is the mean, and, while they
may not vet be fully supported by the inference
procedures available for the mean, they may still be
preferable at the exploratory stage of an analysis,
where inference is not yet a focal 1ssue. Some of the
more useful and commonly known resistant measures
of location and variation can be derived from the
median and other order statistics, Most order stat-
istics are little affected by the presence of a few
outliers in a batch. One common resistant order-
statistic-based measure of vanation is the inter-
quartile range.

Tukey exploits the resistance of order statistics,
especially the median, in EDA. His first step in the
numerical summarization of a batch for exploratory
purposes involves computing five order statistics: the
median, the extremes (or maximum and minimum),
and the medians of the upper and lower quartiles
(i.e., the hinges). When these five numbers are
grouped together, they are called a “five-number

primary analytic use is in facilitating the computation
of other features of batches. Differences of values
provide information on spread or variation in a batch.
For example, the range of silent reading data in Fig. 1
is computed by subtracting the lower extreme from
the upper extreme: 1.63 — 0.06 = 1.57. The range,
however, is not a very resistant measure of spread.
Obviously, it is very sensitive to deviant values when
these appear as extremes, a common occurrence. A
more reasonable measure of spread is the range
between the hinges. Analogous to the interquartile
range, it is called a “hingespread.” The hingespread
(which is symbolized as dH) of the silent reading data
is .69 — (.26 = 0.43

The hingespread is a statistic of central importance
in elementary EDA. It is a useful tool in the search
for values that deserve attention because they deviate
from most values in a batch. This search can be
started by computing another measure of spread, the
“step,” which is 1.5 times the hingespread. Using
this quantity, one literally steps away from each hinge
toward the extreme to establish another boundary
around the central component of the data. These

summary” and can be arrayed con ly as
LE(LH, M. UHJUE, for lower extreme, lower hinge,
median, upper hinge, and upper extreme, respect-
ively. Tukey has introduced a truncation rule to avoid
the inconvenience of small fractional ranks when
finding medians of segments of a batch. The rule is

Depth of next median
= (1 + |depth of prior median|/2 (1)

The symbols | and | refer to the mathematical **floor™
function which returns the largest integer not exceed-
ing the number. That is, the fractional component of
a value, in this case a fractional depth or rank, is
discarded. This means that the only fractional depths
used will be those that lie halfway between two
consecutive values and, thus, will be easy to compute
and understand. As a consequence of this truncation
rule, exploratory summary statistics may not be
exactly equal to analogous-order statistics whose
computation is derived from more mathematically
precise definitions.

The notion of a median is easily extended to pro-
vide a way of segmenting a batch resistantly. The
hinges are themselves medians of segments, the
upper and lower halves of the batch. Medians of the
upper and lower quarters halve the quarter so that
each segment bounds one-eighth of the values;
medians of these segments bound 16ths, then 32nds,
then 64ths, and so forth. In EDA, this process works
outward from the center to the edges of a batch
providing more and more detailed information on
the behavior of the tails of an empirical distribution,

Although letter-value displays and five-number
summaries (and extended number summaries in
which medians of further foldings are recorded) pro-
vide useful, resistant information on location; their

bounding values are called the “inner fences.”
Another step beyond these establishes the “outer
fences.” Note that the fences are not rank order
statistics but are computed distances measured in the
same scale as the values of the batch. Values that
fall between the inner and outer fences are called
“outside” values, and beyond these lie the “‘far
outside” values. The two data values (or more if
multiple observations occur at the same point) falling
just inside the inner fences are called “adjacent
values”; they are literally next to or adjacent to the
inner fences,

It is useful to re-examine the stem-and-leaf display
in Fig. 1 in light of the new information obtained on
spread. In examining this display, it was noted that
the data were evidently skewed out toward the high
end. The numerical information on spread confirms
this visual impression and suggests that one value at
the high end deserves further attention. This value
may be erroneous, or it may have been generated by

rocess different from that which generated the
bulk of the values. Having identified a potential
outlier, the problem of deciding what to do about it
arises. If data are used which are made to appear
highly asymmetric because of a few extreme obser-
vations, then it must be realized that many of the
usual forms of inference, such as analysis of variance
and least squares regression, will be strongly
influenced by these few values. These procedures are
not very resistant and, while removing values from
empirical data should be done with utmost caution,
the fact must be faced that unless omission of outliers
is explored, fitted parameter values may describe the
behavior of only a very small portion of the data.
Replicability of findings in such situations is unlikely
and generalizability is questionable.
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The theoretical rationale underlying this approach
to identifying outliers is not explicitly developed in
Tukey's book on EpA. Some implicit support is avail-
able. however, by examining the properties of a
normally distributed population in terms of EDa
order-statistic-based measures. In a Gaussian or nor-
mal population, § dH is approximately one standard
deviation. Thus, i 5 dH, a step, is approximately 2o.
Consequently, the inner fences, which are more than
20 from the median. bound over 99 percent of the
values of such populations. Observations drawn from
a normal population that lie beyond the population’s
outer fences, which are an additional 2o farther out,
should indeed be rare.

4. Schematic Plots as Graphic Summaries

The gquantities contained in number summaries and
letter-value displays provide useful information on
overall batch behavior. Most analysts, however, and
certainly most nonspecialists, find that they can more
easily appreciate the nuances of quantitative infor-
mation when this information is displayed graphic-
ally. A schematic plot is an extremely useful graphic
representation of the quantities contained in a num-
ber summary and, in fact, might well be considered
a fundamental £pa summary device. It comp]etely
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eliminates numbers (leaving them to a
scale) and selectively obscures the data, druw:ng
attention to some values and not others. Those values
that are completely obscured are the values lying
between the hinges, on the one hand, and those lying
between the adjacent values and the hinges on the
other. Attention is drawn by single marks to all values
lying beyond the adjacent values. An example using
the silent reading data appears in Fig. 2, which also
shows the two other technigues that have been pre-
viously described.

Several points about schematic plots are worth
noting. In the basic schematic plot, the width (or
height, depending on orientation) of the box enclos-
ing the central section of the data is arbitrary.
However, this dimension can be used to represent
information on other aspects of the data, such as
batch size and significance of differences between
medians (McGill et al. 1978). Whereas vertically
oriented schematic plots are traditional and visually
appealing, horizontal orientations are more effective
for computerized printing operations because they
permit a standard width to be used for any number
of plots. Although the schematic plot is a visual
device like the stem-and-leaf display, it is not as
detailed and, indeed, is explicitly designed to reduce
the amount of information being displayed. A related
but even more elementary display, the box plot (so
called because it consists of simply the box portion
of a schematic plot and “whiskers" or lines extending
to the extremes) obscures all except those in the five-
number summary. Even though schematics speak to
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plot, five y. and stem-and-
leaf display for direct silent reading data

the issue of shape and spread, they can be somewhat
misleading if gaps or multimodality occur between
the adjacent values. Consequently, it is not advisable
to use schematics as substitutes for stem-and-leaf
displays, but rather as adjuncts. .

5. Transformations

Frequently, naturally occurring data are modestly or
extremely skewed, or exhibit some other property
that make the data not normally distributed. Tukey
emphasizes the need to consider the monotone trans-
formation y = kx*, where y is the transformed value,
x is the original value, k is a constant set to —1 when
p is less than zero and 1 otherwise. (The constant, k,
retains order in the magnitude of the values when
the transformation is a reciprocal.) The procedures
for determining p are worked out and presented
elsewhere and will not be described here (Leinhardt
and Wasserman 1978). A summary of transfor-
mations is given in Table 1.

Thinking in terms of rescaled data values rather
than raw data values is by no means straightforward
and, given the central role that power trans-
formations play in EDA, it is important that their
rationale and validity is fully appreciated. There are
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several ways of thinking about transformations. One
involves réalizing that the well- -grounded confirma-
tory tools of standard inferential statistics make
specific assumptions concerning model structure and
etror properties. In many common procedures these
include assumptions about normality of error dis-
tributions, additivity in parameters and variables,
constancy of error variances. lack of functional
dependence between error variance and variable
location, . and lack of interactions. When these
assumptions are invalid, the procedures lose some of
their appealing qualities. Their use in such prob-
lematic situations can be misleading. Unless pro-
cedures that deal directly with the known features of
the data are used, one must resort to mathematical
modification that adjusts the values so that their
properties fit the assumptions of the model and/or
estimation procedure. Transformations of scale can
often provide the modifying mechanism.

6. Modeling Data

In Epa, models for data consist of two parts: a part
that uses a mathematical statement to summarize a

" pattern in the data and a part that summarizes what

1s left over. Each observed value can be decomposed
mto a part that is typical of the pattern. the “fir,”
and a part that is not typical of the pattern, the
“residual.” Tukey constructs a verbal equation 1o
represent a general class of models where the
decomposition is additive:

Data = Fit + Residual {2)

Other models are not ruled out. but Tukey empha-
sizes the use of simple models because they are easily
understood, are easily estimated. help reveal more
complex features, and often provide a good first
approximation to these complexities. Additionally.
many other forms can be rendered in terms of E.

Table 1

Summary of transformations: roles, procedures, and failures

Data structure Problem Procedure Failures

(a} Single batch Asymmetry Summary table Multimodality large
(or equation) gap

(b) One-way array Spread heterogeneity Diagnostic plot of Inconsistency in
log (dH,) vs. log dH,
(1)

fe) Two-way array Interaction Diagnostic plot of Idiosyncratic
comparison values interactions

(d) Paired ohservations Curvature Slope ratios or Nonmonotonociny
equation

Spread heterogeneity (b above) (b above)
Note: Sometimes the “correct” ion is not well-approxi by ki for any “reasonable™ choice of, p

An alternative view is more metatheoretical. In it
the theoretical development of the social sciences is
seen to trail that of the natural sciences in the sense of
not yet having a well-developed, empirically verified,
axiomatic and deductive body of theory from which
the appropriate scale and dimension for representing
atheoretical concept in terms of an empirical variable
can be determined. Dimensional analysis in physics
is an example of the power inherent in disciplines
where such well-developed theory exists. In its
absence. analysts must often use variables measured
in arbitrary scales or variables defined in an ad hoc
manner. Rarely is there any good reason to believe
that such measures come in a form best suited to
modeling relationships. In the absence of an a priori
theory that could specify a model, Epa provides tools
to determine whether rescaling a variable will lead
to a better analysis.

(2) through an appropriately chosen transformation.
Conseguently, Eqn. (2) plays a fundamental role in
EDA.

The computational procedure is straightforward.
The median is subtracted from each observed value.
This yields a batch of residuals, that is. a batch of
adjusted values indicating the amount by which each
raw value deviates from the fitted central value, In
terms of a horlz.onlally formatted schematic plot. the
comp ion of Is 1s logous to centering
the raw data around their median and relocating the
zero point on the horizontal axis so that this origin
rests exactly on the median.

7. A Model for Multiple Batches

Most research projects are not performed for the
purpose of fitting single parameter models or obtain-
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ing a single summary statistic such as the mean or
median. At the very least, the simplest objective
involves comparing several batches in an attempt 1o
determine whether one batch differs from another
and by how much. A second-order question involves
deciding whether an observed difference is impor-
tant. These questions are traditionally approached
through the analysis of variance (ANOVA) using ordi-
nary least squares (0LS) estimation procedures (see
Analysis of Variance and Copariance). While oLs has
estimable properties when special conditions hold
(i.e., the parameter estimates are unbiased, consist-
ent, and have minimal variance), some of these
properties are lost when the conditions fail to hold.
Such losses can result from the presence of a single
outlier. An Eba-based approach which exploits
graphical displays to detect data inadequacies is pre-
sented here which employs resistant measures in
determining effects and provides a useful guide in
obtaining a transformation that facilitates the use of
classical procedures.

In classical ANOvA, the errors, g, are assumed to
be normally distributed random variables with zero
mean and constant variance. Thus. the sum of
squares for batch effects and the errors.are multiples
of y* random variables. As a consequence, F ratios
can be formed to test zero effect null hypotheses and
symmetric confidence intervals can be constructed.

An analogous EDa procedure is presented here;
one that is more resistant to outliers than axova but
lacking distributional assumptions and, conse-
quently, lacking inferential tests. The purpose is
to provide a resistant analysis that can be used in
exploration. Furthermore, the Epa procedure pro-
vides a useful mechanism for studying the problem
of inconsistency of variation in the errors, that is,
heteroscedasticity.

The tpa modeling procedure is similar to that
pursued in a classical analysis except that common
effect and batch effect are estimated by medians and,
consequently, involve different arithmetic com-
putations. The model represented by the verbal Eqn.
{2) vields a “fit” that is applicable to all batch values.
For multiple batches, this model can be further elabo-
rated so as to distinguish a general or common effect
across all batches and a set of individual batch effects
that are confined within their respective batches.
Thus, the general model becomes:

Fit

Data value, = ‘Common effect + Batch, effect’
+ Residual, (

Conceptually, the mode! represents each observed
data value as a conditional response determined in
part by imprecision. noise, or error. No specific
assumptions are made about this last ingredient
except that, taken as a batch, the residuals are devoid
of an easily described pattern. The information they
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contain relates solely to the overall quality of the
model in terms of its ability to replicate the obscrved
values.

The computational procedure is straightforward.
First, consider the hypaothetical multiple-batch data
set represented by the box plots in Fig. 3. The me fian
of the pooled batches is identified as the “com non
effect.” Next, subtraction is used to “extract” this
common effect from all data values. The resut is
simpiy a new centering of the adjusted batch vaues
around a new grand median of zero. Second, the
individual batch effects are obtained by subtracting
the grand median from the individual batch medians.

HTH
HIH
HITH
H-TH

Batches (ordered by medians)

Figure 3
Box plots of multiple batches of hypothesis data

Finally, residuals are obtained by subtracting the
batch effects from each adjusted value in the appro-
priate batch. The residuals are then examined as a
whole and as batches. For the hypothetical example,
the model is:

Batch effect,

Barch effect,

Batch effect;

Batch effect,

Data value; = Common effect +

+ Residual,, (4)
The fitted value for the i, jth observation would simply
be:

Batch effect,

Batch effect, (5)
Batch effect, i
Barch effect,

Fit; = Common effect +

8. A Model for Two-way Classifications

A more complicated but quite common data struc-
ture arises when responses can be identified with the
levels of two factors. The usual summary layout used
to organize such data is the two-way table, an array
of “responses” organized on the basis of row (r)
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and column (c) factors. Such two-dimensional arrays
consist of r * ¢ cells or entries. Each row or column
of a factor is referred to as a factor level or factor
version. Factors are usually ordinally or nominally
scaled but may be interval scaled. Responses are
usually ratio scaled. The data are conceived of as
triples of values: two classifying variables and a
response variable.

The usual approach to such data involves an elab-
oration of the one-way model. A model, additive in
factor-level effects, is posited. The array of responses
is decomposed into an overall level or common effect,
row effects, column effects, and interaction effects. A
two-way ANOVA using least squares is the traditional
method employed to estimate the model's para-
meters and to test for significance. In aNOva, the
grand mean is used to estimate the common term,
and row and column means of the adjusted data
estimate the row and column effects.

Once again, the Epa approach is analogous. The
differences lie in the lack of distributional assump-
tions for the errors and the use of medians to estimate
model parameters. Because no distributional
assumptions are made. the hypothesis tests that are
possible with least squares cannot be done. However,
the use of medians ensures a result that is more
resistant to the impact of deviant values. Further-
more, the Epa procedure provides a useful way to
detect interactions even when there is only one obser-
vation per cell. When certain kinds of interactions
are present, the EDA procedure can lead to a choice
of a power transformation of the data that eliminates
the interactions, that is, yields a scale in which the
additive model provides a reasonable summarization
of the data,

The model is in many respects an extension of the
one-factor, multiple-level model proposed earlier for
multiple batches. Indeed, a two-way table of
responses can be thought of as two interwoven sets
of multiple batches. Considering the column factor
as the only dimension, there is a set of ¢ multiple
batches, each containing a maximum of r values,
Considering the row factor as the only dimension

yields a set of r multiple batches, each containing a

maximum of ¢ values.

Because the assumption is that each cell contains
multiple observations, these data can be visualized
as a two-way categorization of box plots as in Fig. 4.
In the display, the vertical or y-axis is the scale on
which the numeric response variable is measured.
Factors R and C are categorical, so the distances
between the levels, as well as their ordering, are
arbitrary. The box plots of the multiply observed
responses appear elevated above the origin plane by
differing average positive amounts. The math-
ematical model represented involves a decomposi-
tion of the average elevation of each box plot into
four parts: (a) an overall level; (b) a contribution
from the column level (which occurs regardless of

Response

Factor &

Figure 4

Graphical representation of hypothetical data for a two-
way classification of responses (multiple unequal
observations in each cell)

row level): (c) a contribution from the row level
(which occurs regardless of column level): and (d)
an error or residual. In verbal equation form this
appears as:

Fit

Data = Common effect + Row effect + Column'
effect + Residual (6)

Whether the grand mean or grand median is used
to estimate the common term, the result is con-
ceptually identical. Its removal by subtraction effec-
tively translates the origin plane so that the data are
distributed around the origin rather than above it as
in the hypothetical example. It is thus analogous to
removing the grand median from a set of multiple
batches, or the median from a single batch, and using
the adjusted values, that is, the raw values with the
grand median subtracted out, in constructing a new
display.

y assuming that row and column effects are con-
sistent, the model asserts that there will be only one
effect for a row level regardless of the number of
column levels, their size, and their effects and vice
versa. In other words, the effect of row level 1 will
be to elevate (or depress) the values in cells (1.1)
and (1,2) the same amount. say a,. Similarly, the
effect of column level 2, according to the model, will
be to elevate (or depress) the values in cells (1.2)
and (2,2) the same amount, say b;. Thus, any process
of fitting this model to data must be constrained to
finding these amounts according to a criterion that
ensures an additive result. Given some estimate of
these effects, the extent to which the data fail to
conform can be studied by examining the residuals.

Thinking in terms of multiple observations in each
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