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1 Preface

Statistical Methods in Linguistic Studies is for teachers, gradu-
ates and postgraduates who major in applied linguistics, instruction
and curriculum or other disciplines in education even without a strong
background of mathematics aimed at helping students understanding
basic concepts of research design and statistics. The book is an intro-
ductory text illustrating basic statistical theories and examining sta-
tistical tests with a variety of situations where the application of sta-
tistical methods would be appropriate and the statistical procedures
are easy to follow. Many examples and exercises will assist learners
to realize some of the appropriate statistical models and the potential
uses of statistics and how statistics can be important to students in
their present thesis writing or future employment.

Finally, I would like to thank my colleagues, friends and

students who gave me helpful suggestions and encouragement,

Yingjun Xu
October,2011
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CHAPTER 1 INTRODUCTION

Nowadays the study of statistics has become more popular than
ever before. The increasing availability of computers and statistical
software packages has enlarged the role of statistics as a tool for em-
pirical research. As a result, calculations and quantifications have
pervaded all professions. This is the age of facts, figures and statis-
tics. Today, college students in almost all disciplines are required to
take at least one statistics course. As Wells® observed that statistical
thinking will be one day as necessary for efficient citizenship as the

ability to read and write.

1.1 Overview of Statistics

This introductory chapter explains the basic terms and concepts
of statistics, which will bridge our understanding of the concepts and

techniques presented in subsequent chapters.
1.1.1 Needs of statistics in linguistic studies

Anyone who listens to the radio, watches television, and reads
books, newspapers and magazines cannot help but be aware of statis-
tics. As you begin this course you may well wonder what lies in store
for you. Why does linguistics need statistics? As is known, the pri-

mary data-source judgments about the well-formedness of sentences

@ Herbert George Wells (1866 — 1946) was a celebrated British thinker and writer,
author of novels and science fiction,



usually come from linguists themselves who make either-or decisions.
The data simply do not call for or lend themselves to, the assignment
of numerical values which need to be summarized or from which infer-
ences may be drawn. Generative grammar, however, despite its great
contribution to linguistic knowledge over the past 25 years, is not the
sole topic of linguistic study. There are other areas of the subject
where the observed data positively demand statistical treatment,
(Woods, et al. ,1986). In linguistic studies, as in other sciences such
as psychology, sociology and natural sciences, statistical techniques
are concerned with linguists, teachers and students who need to ap-
preciate and evaluate literature on statistical analysis and who will be
interested in their own research that requires the collection of quanti-

tative data that demands analysis and statistical treatment,
1.1.2 Definition of statistics

The term statistics is used in two different ways. As a plural
noun, statistics refers to numbers or numerical facts, The numbers
that represent the scores of students in proficiency examination, fre-
quencies of disorders in a sample of 560 language-impaired individu-
als, the percentage of pass rate in the test of English majors TEMS of
the university are examples of statistics in this sense of the word. As
a singular noun, statistics refers to the methods used to analyze nu-
merical data, and to draw conclusions from them. You can say that
“statistics zs the art and science of analyzing numerical data. ” In this
sense of the word, statistics is defined as follows.

Statistics is the science of data analysis; that is, statistics is con-
cerned with scientific methods for collecting, organizing, presenting
and analyzing sample data as well as drawing valid conclusions about
population characteristics and making reasonable decisions on the ba-

sis of such analysis (Iman & Conover, 1985).



1.1.3 Types of statistics

Broadly speaking, statistics can be divided into two kinds: de-
scriptive statistics and inferential statistics.

Descriptive statistics involves methods for tabulating, organi-
zing, displaying, and describing collections of data by tables, graphs
and summary measures, These dada may be either quantitative varia-
ble, such as measures of height or the number of interruptions in a
given amount of conversation — variables that are characterized by an
underlying continuum — or data may represent qualitative variables,
such as sex, native language, college major, or aesthetic appeal of an
accent, politeness that you can count the frequencies or rank in term
of more and less. Large masses of data generally must undergo a
process of summarization or reduction before they are comprehensi-
ble. Thus, descriptive statistics serves as a tool to describe or sum-
marize or reduce to manageable form the properties of an otherwise
unwieldy mass of data.

Inferential statistics consists of a formalized body of methods
that use sample results to help make decisions or predictions about a
population. These methods are used to solve another class of prob-
lems which involves attempts to infer the properties of a large collec-
tion of data from inspection of a sample of observations. Thus the
aim of inferential statistics is to predict or estimate characteristics of a
population from a knowledge of the characteristics of only a sample of
the population. The descriptive characteristics of a sample can be
generalized to the entire population, with a known margin of error,
using the techniques of inferential statistics. For example, we may
want to know whether the district’s CET average score is significant-
ly higher than the national mean. We may select 1, 000 typical
students from different colleges and universities in this district, find
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their mean score and make a decision based on this information. The
area of statistics that deals with such decision-making procedures is
referred to as inferential statistics. Statistics methodology can be il-
lustrated in Figure 1. 1 and the relationship between the descriptive

statistics and inferential statistics in Figure 1. 2.

Statistics Methodology
l

— Summary Inference
Descriptive Statistics Inferential Statistics
i |
Parametric Estimation Hypothesis Test

Figure 1.1 Diagram of statistics methodology

Probability

Sample data
Statistical data reflecting Descriptive Inferential
objective phenomena - statistics statistics

Population data

Inherent quantitative
law of population

Figure 1.2 Relationship between descriptive and inferential statistics



1.2 Basic Concepts of Statistics

In statistical work, much talk is about populations and samples,
It is crucial to understand the meanings of the two terms population

and sample and their difference.
1.2.1 Population and sample

Population refers to the group of observations or all elements in-
cluding individuals, items, or objects whose characteristics are being
studied and about which the investigator wishes to draw conclusions,
The population is being studied is also called target population.

A sample consists of a part of that population. Thus a sample is
studied in the hope that it will lead to conclusions about the larger
target population, ‘

There are different techniques for sampling. A sample may be
random or nonrandom. In a random sample, each element of the pop-
ulation has a chance of being included in the sample, If the chance of
being selected is the same for each element of the population, it is
called a simple random sample or probability sampling. However,
in a nonrandom sample, some members of the population may not
have the chance of being selected in the sample,

One way to select a simple random sample is by a lottery or
drawing. For example, if we need to select 5 students from a class of
50, we write each of the 50 names on a separated piece of paper.
Then, we place all 50 names in a hat and mix them thoroughly.
Next, we draw one name randomly from the hat. We repeat this ex-
periment four more times. The five drawn names make up a simple
random sample.

The second procedure to select a simple random sample is to use
a table of random numbers (See Appendix A). It is very convenient
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to use the table of random numbers. We can start any number in the
table, followed by the number down, or designate part of the num-
bers. For example, 10 students should be selected randomly from the
population of 80. To select a simple random sample, we arrange the
names of all 100 persons in alphabetic order and compile a two-digit
number, from 01 to 80, to each person, Supbose the number 11106 is
selected in Line 3, Row 4, we number down along the horizontal di-
rection one by one, and remember this number and its subsequent
nine digits—11106, 19620, 67893, 67581, 34534, 09891, 35146,
56269, 94621, 10909. But it should be noted that if the first two-dig-
it number is bigger than 80 or smaller than 01, we can move to the
next number. In the above ten numbers, the first two-digit number in
94621 is bigger than 80. Then the next number is 12498, So all the
10 numbers represent 10 subjects selected randomly from the popula-
tion of 80. Of course, if we have access to a computer, we can use a
statistical software package such as MINITAB, to construct a table of
more random numbers and select a simple random sample.

If the size of the population is large, the simple random sampling
seems tedious and time-consuming. We can use systematic random
sampling which is more simple and typical. First every member in
the population is arranged alphabetically, or in numeric order, or
based on some other characteristics. According to the sample size n to
be taken, the ratio of population to sample size is k. = N / n. The
starting point a for sampling can be determined randomly. Note that
a must be bigger than or equal to 1 (a == 1), and smaller than or
equal to £ (a << k). Thus, the number sequence for sampling is also
determined. The sample 7 consists of a, a + %k, a + 2k, *=*, a +
(s 1)k. In systematic random sampling, we first randomly select one
member from the first & units. Then every kth member, starting with
the first selected member, is included in the sample. For example,
we need to select 30 students from a list of 3,000. Since the sample

6



size should equal 30, the ratio of population to sample size is 3,000/
30 = 100. We determine the starting point a, say 220th. Then we
select 220, 320, 420, 520, 620, <=+, 3120, These randomly selected
30 numbers, which are distributed in the population evenly, consti-
tutes the sample.

Suppose we need to select a sample from the population of a uni-
versity and we want students with different English proficiency to be
proportionately represented in the sample. In this case, instead of se-
lecting a simple random sample or a systematic random sample, we
may prefer to apply a different technique stratified random sam-
pling. In a stratified random sample, we first divide the population
into subpopulations, which are called strata. Then one sample is se-
lected from each of these strata, The collection of all samples from all
strata gives the stratified random sample. For example, we first di-
vide the whole population into different groups based on their English
levels. We may form three groups of low-, medium-, and high-profi-
ciency. These three subpopulations are usually called strata. Then
we select one sample from each subpopulation or stratum. The collec-
tion of all three samples selected from three strata give the required
sample. It should be noted that the size of the sample selected from
different strata are proportionate to the sizes of the subpopulations in
these strata and the elements of each stratum are identical with regard
to the possession of a characteristic.

Suppose a survey of students’ living expense is to be conducted in
the boarding school. First, we divide the whole school into n groups,
or take each class as a group, or cluster. Make sure that all clusters
are similar and, hence, representative of the population. And then
certain groups or classes are selected randomly from n groups. Next,
certain students from each of these selected groups or classes are cho~
sen randomly. Finally, these selected students are taken as a sample
to conduct a survey. This is called cluster sampling. Note that all
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clusters must be representative of the population.

It is important to note that a random sample is not necessarily an
identical representation of the population. Characteristics of succes-
sive random samples drawn from the same population may differ to
some degree, but it is possible to estimate their variation from the
population characteristics and from each other. The variation, known
as sampling error , does not suggest that a mistake has been made in
the sampling process. Rather, sampling error refers to the chance
variations that occur in sampling; with randomization, these varia-
tions are predictable and taken into account in data analysis tech-

niques,
1. 2.2 Parameter and statistic

Parameter and statistic are the two technical terms connected
with population and sample.

Parameter is a value generated from, or applied to, a popula-
tion. Statistic is a value generated from a sample and sometimes
called estimates. Thus, statistics are values derived from sample da-
ta, whereas parameters are values that are either derived from, or ap-
plied to, population data.

In statistics, population parameters are expressed by Greek let-
ters while sample statistics by English letters. p stands for popula-
tion average and x represents sample mean; ¢ stands for population
standard deviation and s represents sample standard deviation; x

stands for population proportion and p represents sample proportion,
1.2.3 Types of variables

A wvariable is something that may vary, or differ (e, g. language
proficiency, self-esteem, motivation, sex, nationality, first language
background, intelligence, and language ability). A constant, in con-
trast, has only a single score. For example, if every member of a
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sample is male, the “gender” category is a constant. Thus, a variable
is a characteristic under study that assumes different values for differ-
ent elements. In contrast to a variable, the value of a constant is
fixed.

There are two types of variables. They are quantitative variables
and qualitative variables. Quantitative variables are those that are
scored in such a way that the numbers, or values, indicate some sort
of amount. In other words, they can be measured numerically. They
are also called continuous variables. Take for example “height” that
is a quantitative or continuous variable, Higher scores on this variable
indicate a greater amount of height. The data collected on a quantita-
tive variable are called quantitative data. Qualitative variables are
those for which the assigned values do not indicate more or less of a
certain quality. They are also called categorical variables that cannot
assume a numerical value but can be classified into two or more non-
numeric categories, So the labels represent qualitative differences in
location, not quantitative differences. The data collected on such a

variable are called qualitative data.

1.3 Types of Data

Statistical data are obtained in the face of uncertainty because in
a certain phenomena the occurrences of the event under study cannot
be predicted with certainty, Suppose we study the heights of students
aged 10 years in a large city. We cannot predict with certainty the
height of an individual student; the data of heights of students consti-
tute statistical data. Further we note that there will be variation in
heights of students, though they are of the same age. Uncertainty
and variability are two characteristics of statistical data. The classifi-

cations of statistical data can be illustrated from different angles,



