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THE BASIC LANGUAGE
OF STATISTICS

This chapter is an imtroduction w statisties and o quantitative methods, 1t explaing
the basic language used in stitistics, the notion of a data file, the distinction between
descriptive and infercntial statistics, and the basic concepts of statistics and quanti-
tative methods,

Adter studying this chiper, the stsdent should Know;

the basic vocabulary of statistics and of quantitative methods;

whal an electronic data file looks like, and how to identily cases and vanables;
the dilferent uses of the term “stlistics”;

the: bugic definition of deseriptive and inferential statistics;

the type of varables and of measurement scales;

how concepts are operationalized with the help of indicators.
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Introduction: Social Sciences and Quantitative Methods

Sovial sciwences am of studying social amd human phenomena as ngorously as
possible, This involves describing some aspect of the social reality, analyzing it o
st whether logical inks con be establishecd between s virious parts, and, whenever
possible, predicting future outcomes,

The general objective of such sudies is to understand the paiterns of individual or
collective behavior, the constraanis that affect it the causes and explanations that can
help us understand our societies and ourselves better amd predict the consequences
of certain situations. Such studies are never entirely objective, as they are inevicably
based on certain assumptions and beliels that cannot be demonstrined. Our percep-
tions of social phenomena are themselves subjectivefto a large extent, as they depend
on the meanings we attribute 10 whit we observe. Thus, we interpret social and
b phenomena mueh more than we deseribe them, but we try 10 make that inter-
pretalion as objective as possille,

Soune of the phenomena we abserve can be gramtified, which means that we can
Iramslate into numbers some aspects of our ehserations For imstomce, we can gquantify



x IMTERPRETING QUANTITATIVE DATA WITH SP55

population change: we can count how many babies are bom every year i o given
country, how miany people die, and how many puuplu MIETALe 1 or oulb of the coun-
try. Such figures allow us to cstimate the present size of the population. and maybe
even o predict how this size is going (o change in the near future. We can quantily
psychological phenomena such as the degree of stress or the rapidity of response
a stimulus; demographic phenomena such as population sizes or sex ratios (the ratio
of men 1o women); geographic phenomena such as the average amount of rain over
a vear or over a month; economic phenomena such as the uncmployment mte; we
can also quantify social phenomena such as the changing patterns of marriage or of
unions, and so on,

When a social or human phenomenon is quantilied inoan appropriate woy, we con
ground our analysis of it on Ggueres, or statistics, This allows us o deserbe the phe-
nonmenon with some accuracy, w0 establish whether there ore links between some of
the varinhles, ond even o predict the evolotion of the phenomenen, 16 the observa-
tioms hove heen conducted on oo sample (hat s, o group of people smaller than the
whole population), we may even be able o generalive o the whole population what
we have found on a sample.

When we observe a social or human phenomenaon in o systemalic, scientific way,
the information we gather about it is referred o as dota. In other words, data is
information that is collected in a systematic way, and organized and recorded in such
a way that it can be interpreted correctly, Data is not collected haphazardly, but in
response o some questions that the researchers would like to answer. Sometimes, we
collect information (that is, datay abowt a character or o guality, such as the mother
fongue of a4 person, Sometimes, the daa s something menserable with nombers,
such ps o person's age. In both cases, we can treat this dota numerically: for instance
we can count bow many people speak a certam language, or we can find the average
age of a group of peaple, The procedures and technigues osed o analyee dain
mumerically are called geaniitaiive metheds, In other words, quantitative methods
are procedures and technigues used woanalyee dato numerically; they include o study
of the valid methods used for collecting data in the first ploce, as well as a discos-
sion ol the limits of validity of any given procedure (that 15, an understanding of the
situations when a given procedure yields valid results), and of the ways the results
are (o be interpreted.

This book constintes an introduction to guantitative methods for the social sciences,
The first chapter covers the basic vocabulary of quantitative metheds. This vocabu-
lary should be mastered by the student if the remander of the book 15 w be under-
stood properly.

Data Files

The fiest object of analysis i quantitative methaods is o data Ble, that s, a set ol
picces of information written down in o codified way, Figure |1 illustrates what an
electronic data file looks like when we apen it with the PSS program,
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Figure 1.1 The Data window in SPSS version 10.1. © 5PS5, Reprinted with
permission.

This data file was created by the statistical software package SPSS Version 111 which
will he wsed in this course. The first lab in the second part of this manual will intro-
duce vou to SPSS, which stands for Sraristical Package for the Social Sciences, On the
top of the window, vou can read the name of the data file: (5593 subset. This stands
far Subset of the General Social Survey, a survey conducted in the USA in 1993,

When we open an SPSS data file, two views can be displayed: the Data View or
the Variable View. Both views are part of the same file, and one can switch from one
view to the other by clicking on the tab at the battom lelt of the window.

The Data Yiew: The information in this data view is organized in rows and columis,
Each row refers to a case, that s, all the information pertaining to one individual.
Each column refers to a variable, that is, & character o quality that was measured
in this survey. For instance, the second column is a variable called wrhkstat, and the
third is o variable colled marital,

Fut what are the meanings of all these numbers and words? A data file must be
accompanied by information that allows a reader to interpret (that is, understand) the
meanines of the varions elements n it This information constitutes the codebook. In
SPRE, we can find the information of the codebook by clicking the word Variables...
under the Utilities menu. We geta window listing all the variables contained in this data
file. By clicking once on a variable, we see the infornfation penaining to this variable:

o the short nome that stands on the top ol the column;

o what the name stands for (the label of the varables;

s the numerical type of the variable (that is, how many digits are used, and whether
ineludes decimals )

s other technical information 10 be explained lier,

o and the Value Labels, that is, what each number appearing in the ot sheet

stands for,

s
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Figure 1.2 The Variables window in 5P55. The codes and value labels of
the variable Marital Status are shown

s
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Figure 1.3 The Data View window in 5P55 when the Show Labels
command is ticked in the View menu. The value labels are displayed
rather than the codes

Figure 1.2 shows the codes used for the variable Marital Status.
Yo may have noticed that:

I stands for  married
2 stands for  widowed
3 stamds for  divorced
elc.

The numbers 1, 2, 3, ete. are the codes, and the terms married, widowed, divorced,
ete, are the value labels that correspond to the various codes. The name mariial,
which appears at the top af the column, is the variable name. Marital Srares is the
variable label: it is a usually longer, detailed name for the variable, When we print
tables or graphs, it is the vanable labels and the value labels that are printed,
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Figure 1.4 The Variable View window in 5P55. The variables are listed in
the rows, and their properties are displayed

Figure 1.5 The Value Labels window in SPSS. In this window it is possible
to add new codes and their carresponding value labels, or to modify or
delete existing ones

There is a way of showing the value labels instead of the codes. This is done by
clicking Value Labels under the ¥iew menu. The Dara View window looks now as
shown in Figure 1.3

We can sec that case number 4, for example. is o person wha works part time. and
whe has never been married, To understand the precise meaning of the numbers
written in the other cells, we should first read the varfable information found in the
cadebook for sach of the variables.

In version 100 and version |1 of $PSS, vou can read the information pertaining
to the variables in the Variable View. By clicking on the tab for Yariable View, you
eet the window shown in Figure 1.4 F
) In the Variable View. no data is shown, You can see, however. all the information
pertaining to the variables themselves. each variable being represented by a line. The
various variable names are listed in the first colunn, and gach is followed by infor-
mation about the corresponding variable: the way it is measunad and recorded, iLs
full name. the vaiues snd their codes. ete, All these terms will be explained in detail
later on, The label, that is. the lang name of the variable marital, is Marital Status.
By clicking on the Values cell for the variable marital, the window shown in
Figure 1.5 pops up.
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We con see again the meanings of the codes wied o designate the various marital
statuses, We con now tise o number of questions: How did we come up with this data?
What are the rules for obtmmng relinble data that can be interprened
wee analyee this data? Table 11 meludes a systematic listof such questions, Th

asily? How can
ISWETS

to these questions will be found in the vanous chapters and sections of this manual,

Table 1.1 Seme guestions that arise when we want to use quantitative
methods

Questions Chapters
Hivw dad we come wp with this daa? 1. The Basic Language of
Whint are the quEsTons we ane Irying 1o answer? Slatisties

What is the place of quantiiaive analysis in social
research, and how does it Hnk ap with e gualitative
questions we may wanl to ask? T

Whit is the scientific way of defining concepts and
operationalizing them?®

Hiwe dles e comduct socinl resesrch in aoscientilic way™ Wha 2, The Research Process
prowedurnes shaubd we follow 1o ensere thie resulis wne
sabenti e Wihat are the bosic types of research designs’

Huvw alow we g0 nbont collecting the data?

Chaice eollegted, the doth must Be organized ami Ao Llwvarmite Descriptive
deseribedd. Blow doowe do thae? When we semmasiee tae Stistics
dutn whot ore the clurmcternshics thal we locus on? Whal
ki of tnformntion s lost? What are the most common
vypes ol shages and distributions we encounter? 5. Mormal Dhstributions

What are the procedures Toe selecting o sample? Are fi. Sampling Desipns
some of them better than others’™

Sonme instutiens colleet and publish a bot of secial data, T Statisteal Datibases
Where can we fad 07? How g we use a?

Sometimes we notice coingidences in the dotas for 3. Stanstcal Association
mstance, those who kave o higher income wend 10
behave differently on some social vanables than those
who do ned, |5 there & way ol descmibang sach
relationships between varinbles, and drowing their
significance?

Seanetimes e dati comes rom  samnple, tht s, 3 et . Smatestical [nference:
of the population. and not the whole populution, Can we Estimiateon
peneralize our conclusions w0 the whole population on the 1L Statistecal Inference:
Bsis of the alats collected s sumple’ How can s be Hypaothesis Testing

donset 15 00 preciae? Wihat e e risks that oo
comelusisns ire wiopg !

The Discipline of Statistics

The term statisdics is used in vwo different meanings: it can refer (o the diseipling of
statistics, or it can refer to the gorwad dasas that has been collected,
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As a scientine discipling, the object of stersncs 15 the numerical reatment of
daty that pertain 10 a large quantity of ndividuals or o large quantity of abjects.
Iincludes o genecal, theoretical aspect which 1s very mathemamtacal, but it can
also inelude the study of the concrete problems that are raised when we apply the
theoretical methods o specific disciplines, The term guantitative metfods is used
to refer to methods and technigues of statistics which are applied o concrete
problems. Thus, the difference between statistics and quantitative methods s that
the latter inclode practical concerns such as finding solutions o the problems
arising from the collection of real data, and interpreting the numerical results ag
they relate to concrete situations. For instance, proving that the mean (or average)
of a set of values has certain mathematical properties is part of statistics. Decid-
ing that the mean is an appropriate measure [ use in o given situation is part of
quantitative methods. But the line between statistics and quantitative methods is
furzy, and the two terms are sometimes used interchangeably. In practice, the
term statistics is often used to mean gquantitative methods, and we will use it in
that way 1o, :

The term stasistios has also a different meaning, and it is used w refer 1o the actual
data that has been obtained by statistical methods, Thus, we will say for imstance that
the latest statistics published by the Mimstry of Labor imdicate o decrease in unem-
ployment, Inthat Last sentence, the word stadistiey wis s o pefer e datn published

by the Mimstey.

Populations, Samples, and Units

Three basic terms must be defined to explain the subject matter of the discipline of

stalistics:

« umt {or element, or case),
« population, and
& sample.

A unit (semetimes called element, or ease) is the smallest object of study, 1F we are
conducting # study on individuals, @ unit is an individoal, IFour study were about the
health system (we may want o know, for instance, whether certain hospitals are
more efficient than others), a unit Tor such a study wgald be ahospital, not o person.

A population is the collection of all units that we wish w consider, 1T our study 15
about the hospitals in Quebec, the population will consist of all hospitals in Quebec,
Sometimes, the term aaiverse is used o refer o the set ol all imdividuals under con-
stderation, but we will not use iin thes masal,

Most of the time, we cannol afford o study cach and every unit in a population,
due to the impassibility of doing so or o considerations of time and cost, In this
case, we study a smaller group of units. called a sample, Thus, o sample s any

subset (or subgroup) of our populatien,
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Infarantial statistica
It wirma ot infereing [hat is, drowing
conclugions aboeut) some nuimarical charactar
aof a population when only a sample is givan.
The inleranca ahways implics a margin of
arror and a probability of error. Infarences
based on repragantative samples have a
highar chance of baing correct, A random
sample is moare likaly 1o be ropresentative.

Dascriptive statistics

It wim= at descnibing a situation by
summarizing information in a way that
highlights the important numesical fepiures
af tha dma. Some of the infarmation is lost
| a5 a result. & good summary captures the
assential aspacts of tha data and the most
ralevant ones,

N T T
ESTIMATION
It is based on the distinction Detwaan
sample and popaulation. i cansists in
quessing tha value of a measure on
a gopulation {ie. @ parameter) when
anly the value on the sample ig known
itha statistio)l, Opinian polls ara always
bosad on estimations: [he durvey 18
conducted an & regresentaliva sampla,
anel it reaulls are generalizod 1o tha
population with o msrgin ol aoras and
i profutlity of arcor

MEASURES OF CENTRAL TENDEMNCY
Thay answer the guestion: What ara the
wirluas that reprasant the bulk of the
data in tha best way? e
Mean, median, moda,

MEASURES OF DISPERSION
Thavy answar 1ha question; How spraad
aut is tha data? s it mostly
cancanteatad sesuncd the cantar, af
nprand aul over a lnrge ranged
Standard devistion, varlance, rang,

A WU AR ¥

- HYPOTHESIS TESTING \
MEASLURES OF POSITION
. J | | It is alse bosad on the distinction
Thm..r I“T“I:"m the uum"““_‘ Hnee nd: it boetwwaan sampla and population, but
ann individual antry positionad with o T

tha process is revarsed; Wa makn o
hypothesis about a population
paramatar. On that basis, we pradice a
range of values a variahla is likehy to
takd on a reprasantativa sample, Then
we qo and measure tha sample. 1§ ke
abservad valug falls within the predictad
ranga, we concluda that the hypothesis
is reasonable. IF the chserved value
falls nuiside the predicted range, we
rajact our hypothesis,

raspoct 10 all the othars?
Poreontiles, decilas, quartilas,

MEASURES OF ASSOCIATION

They answer the quastion: 1 we know
i score of an individeal on ane
warizhle, toowehat extent can we
suceessiully predict how be iz hkely 1o
soore an the athar variabla?
Correlation cosfirciant e}

Figure 1.6 The discipline of statistics and its two branches, descriptive
statistics and inferential statistics

The distinetion between sample and population s absolutely Tundamental, When-
cver you are doing o computatien, or miaking soy stotement, 1omuost be clear in vour
mind whether you are tlking about o sample (e group of units generally smaldler than
the populiticen } or about the whole popualation.

The discipline of statistics includes two main branches:

*  descriptive statistics, and
= inferential stotistics.
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e following paragraphs explain what ench branch is about. Befer also to Figure 1.6,
Some of the erms vsed in the disgram may ol be clear for now, bt |tll’.‘:r' will be
explained as we progress

Descriptive Statistics

The methods and techniques of deseriptive statistics aim at summarizing large quan-
tities of data by a few numbers, in a way that highlights the mosi important numeri-
cal features of the data. For instance, if you say that your average GPA (grade point
average) in secondary schooling is 3.62. vou are giving only one number that aives
a pretty good ilea of your performance during all your secondary schooling, [f vou
also say that the standard deviarion (this term will be explained later on} of your
grades is .02, you are saying that your marks are very consistent across the various
wourses, A standard deviation of (L1 would indicate o variability that is 3 times
bigger, w5 we will learn later on. You do nol need to give the detailed list of your
marks in every exam of every course: the avernge GPA is a sufficient measure in
many circumstances. However, the average can sometimes be misleading. When is
the average misleading” Can we complement it by other measures that would help
ws have abetter idea of the featares of the dita we are summarizing? Such questions
are part of desceriptive statstos

Desenptive statistics include messures of central tendeney, mensures of disper
sien, measures of position, and measures of associotion, They also inelude g descrip
tion of the general shape of the distribution of the data. These terms will be explained
im the corresponding chapters,

Inferential Statistics

Inferential stalistics aim at generalizing a measure taken on a small number of cases
that have been observed, o a larger set of cases that have not been observed. Using
the terms explained above, we coull reformulate this aim, and say that inferential
statistics aim at generalizing observations made on 2 sample 1o 3 whole population.
For instance, when pre-clection polls are conducted, anly one or two thousand
inelividuals are questioned, and on the basis of their answers, the polling agency draws
cone usions about the voting intentons of the wi'lnlwmpul;uinll. Such conclusions are
net very precise, and there is always o risk that they are completely wrong. More
it'|'|11t||1q'l|::|[|}-'. the sample used o drow such conclusions must be o representalive
seieriple, that is, a0 sample inowhich all the relevan gualities ol the popolation are
adequately represented. How can we ensure that o sample is representative’? Well, we
van'L We can I'llﬂ}' increase our chanees of -\.-q_‘]l._'-;_'[i||y_ I representative '\:.'|F'|111|4,'. iF we
select it randomly. We will devote a chapter to sampling methods.

Inferential statistics include estimation and hy pothesis testing, two technigues that
will be studied in Chapters 9 and 10,



