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i 11 INTERPRETING QUANTITATIVE DATA WITH SP35

A few more terms must be defined 1o be able go further in our sy, We need
tor talk a ittle about vaciables and ther types,

Variables and Measurement

A variable is a characteristic or guality that is observed, measured, and reconded in
a data file (generally, in a single column). Il vou need to keep track of the country
af birth of the individunls in your popualation, you will include in your study a vari-
able called Cowntry of birth. You may also want o keep rack of the nationality of
the individuals: you will then have another variable called Narfonalisy, The two van

ables are distinct, since some people may carry the nationality of a country other
than the one they were born in, Here are some examples of vanables wsed widely in
social seiences: : i

Socio-demographic varinhles Feonomic varinhlies

Age Waorking status
Sex Income
Religion Value of individual assets

Level of educmion
Highest degree obisined
Marital status

Contry af binh
Mationaliny

Muther tongue

Paychological variables

Leveel of anxiely

Shimulus response time

Score obtained in a personality test
Score obtained in an aptitidde test

Average number of hours of work
prer week

Variatles that refer to units other

than the individial

Nunmiber of lospitals in o cowntry

Percentage of people who con read

Perventage of people who completed
Igeh schasol

Tostal population

Birth rite

Fertility rate

Number of teachers per [0 people

Mumber of dociors per 10,000
people

Population growth

Predominant religion

You may have noliced that some of these vanables refer W gualities (such as mother
tongue) amd others refer woquantities, such as the wial popalaton of a country, In
Lact, we can distinguish two basic types of varlables:
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Lo quantitative variables;

20 qualitative varinbles,

Quantitative variables are characieristics or features that are best expressed by
numerical values, such as the age of a person, the number of people in a household
the size of a building. or the annual sales of g product, Qualitative variahles .ul.
charactenistics or qualities that are aot numerical, such as mother tongue, or country
of origin. The scores of the individuals of & population on the various variables ane
called the values of that variable,

- | Example
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your college. i j“' "
Table 1.2 Examples of qualitative and quantitative variables b o i
Nama . ; m of =T Grede PO T
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Macy " Pure wnd Applied Science A0 7553
Petr 1 Commerce - : P M
e b Office Sysiems Technology 30

. 2 Graphic Design 182

There are three variubles: Age (quantitative), Program of Study (qualita
and Grade Point Average (quantitative). § "

The values, or scores, taken by the individuals for the variable Age are 17,
18, 19 (twice), and 20, The values taken for the variable Program of Study are
Social Science, Pure and Applied Science, Commerce, Office Systems Tech-
nology, and Graphic Design. Qualitative variables are sometimes referred to as.
categorical variables because they consist of categories in which the popula-
tion can be classified. For instance. we can classify all students in a college into
categories according to the program of study they are in,

Careful attention must be given 1o the way observarifing pertaining 1o a variashle are
recorded. We must find o system for recoriing the data that is very clear, and that
can be inerpreted without any ambiguity, Consider, for instance, the foel lovwing
charictenstics: age, rnk in the Tamily, and mother tongue, The first churneleristic is
agquaantity, the second is a rank, and the third is a uality. The systems used 1o record
our observations about these charmeteristics will be orgam sl inte three levels of
mueasurement:
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e, measurcment at the nominal level;
o measurement at the ordinal level: and
¢ measurement @ the pumerical scale [evel.

Each level of measurement allows us to perform certain statistical operations, and
not others.

The nominal level of measurement is used o measure qualitative variables, [t s
the simplest system for writing down our observations: when we want to measure 8
characteristic &t the nominal level, we establish a number of categories in such s way
that each ohservation falls into ane and only one of these categories, For example, if
you want 1o write down your observations about mother tongue in the Canadian con-
text, you may have the following categories:

= English.

= French,
s MNative, and
s« (her

Depending on the subject of your research, you may have more calegories o include
other languages, or you may want o make a provision for those who have two
mother tongues.

It is important 10 note that when a variable is measured at the nominal level, the

calegories must be

s exhavstive, and

o mutually exclosive.

The categones are said o be exhaustive when they include the whole range ot
possible ohservations, that is. they exhaust 21l the possibilities. That means that every
one of the observations can (1 in one of the available categories. The categories are
sail 1w be mutually exclusive if they are not overlapping: every abservation fits in
only ane category. These two properties ensuce that the system used to write down
the observations is clear and complete, and that there are no ambiguities when
recording the observations or when reading the data file, Table |3 displays exam-
ples of measurements made at the nominal level,

Qualitative variables must be measured at the nominal level,

The ordinal level of measurement is used when the chservations are organized
in categories that are ranked, or ordered. We can say thal one cmegory precedes
another, but we cannot say by how much exactly {or 10 we can, we do not keep that
information). Here oo the categorics must be exhaustive and mutually exclusive, bat
in addition you must be able o compare any two categories, and say which one pre
cedes the other {or is bizger, or better, e1e.). Table 1.4 displays examples of variables
measired at the ordinal level,
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Takle 1.3 Examples of variables measured at the
nominal level

Variable Categories used

Sax Male
Female

Place af hirth The country where the survey is
councucie:d
Abroad

Wiark slafus Warking full-time

Wirking par-rime
Temparanly out of work
Lln¢|z1p:ny-;5::.

FRetired

Humisekeeper

(hher

Table 1.4 Examples of variables measured at the
ordinal level

Variable B Ranked Categories

Rating af o restausant Excellem
Very good
Acgepable
Poxoa
Wery par

Runk amang siblings First child
Second child
[ [0

I Higzh
Medium
Ly

The seale wsedd e write down an ordinal vanable is often referred o oas o Likert scale.
I usually has a limited number of ranked categories; anywhere from three o seven

cutegories, sometimes more, For instance, 1f people arg asked 1o rate a service as:

Excellent
Wory poold
Ciosnd
Poor

Wery poar,

ocooou

the proposed answers constitute a five-level Likert scale.

T
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Another example of o Likert scale, this time wath four levels, s provided by the

slLlnens where a stalement i E!_1'r'|.!ll. and 1(!'1'|IHII¢|{‘TI|:H e i!.‘\F(I_:ILI to say whether rh::y:

O Torally agree

O Agree

d Disagree

O Towally disagree,

A variable messured al the ordinal level could be either qualitative or quantitative. In
Table 14, the vanable Income is quantitative, and the vanable Rating of a Restau-
rant is qualitative, but they are both measored at the ordinal level, For a varable mea
sured at the ordinal level, we can say that ene value precedes another, but we cannot
pive an exact numerical valoe Tor the difference between them, For instance, if we

know that a respondent is the Dest child and the other s the second child in the same

Fmily, we do not keep ieack of the age ditference between them, [ cowld be one vedr

inone case and Bve years i another case, but the values recorded ander this variable
do not give ns this information: they anly give us the rank

When recording information about categorical vanables, the information s
usually coded. Coding is the operation by which we determing the categories that
will be recorded, and the codes used to refer to them. For instance, if the variable is
Sex, and the two possible answers ane;

Ml

Female,

we nsunlly code this varable as

I Male
2 Female,

The numbers § and 2 are the codes, and the cotegories Male and Female are the
vides of the variable,

When coding a variable, o code must be given (o the cases where no answer has
Been provided by the respondent, or when the respondent refuses o answer (if the
amswer is judged i personad or conldential, such as the exact income of a person),
W reler o these answers s mdasing vafies and we give them different codes, Lab @
exploms how o handle them i SPSS

Finally, some varsables are measured by o mumerical scale. Every observation is
meisured against the seale aod assigoed o numerical value, which measures i quan
tity, These variables are said o be quantitative. Table 1.5 displays cxamples of
numerical scale varinhles,

Ik L s
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Tablie 1.5 Examples of variables measured at the
numarical scale level

Variable Numerical Scale

Annuad incoamne In dollars, without decimals {mo cents) i
Age [ years, with i fractions

Age In wears, with ome decimal for fractions of o year
Temperature In deprees Celsius

T In years, A staning poant must be specified

Annual income

In dollars, oo e nezrest thoesand

Motice thal the sume varable can be measared by different scales, as shown in the
examples above, So, when we use o numerical seale, we muost determine the anits
wsed (For instance vears or months ), and the number of decimals wsed, .

Mumerical scales are sometimes subdivided into interval scales and ratio scales,
depending on whether there is an absolute zero 1o the scale or not, Thus, fempera-
ture and time are measured by interval scales, whereas age and number of children
are each measured by a ratio scale. However, this distinction will not be relevant for
most of what we are doing in this course, and we will simply use the term numeri-
cal seale to talk about this level of messurement. The program SPSS that we are
going to use simply uses the term scale o refer to such variables.

Muost statistical software packages include more specific ways of writing down
the observations pertaining o a numerical scale. For instance, SPSS will offer the
possibility of specifying that the variable is a currency, or o date

Muoreover, it is also possible o group the values of o quantitative variable inte
classes. Thus, when observing the varable age, we can write down the exact age of
W pErsOn N years, or we can simply write the age group the person Falls in, s s done

in the following example:

* |H 1o 30 vears
3] 1o 4 vears
* 4] to 50 vears
o 3o 00 vears
= Ohver Gil

When we group a variable such s age into g nr'ﬂglll number of categories as we
hove just done, we muost code the catepories as we do For categorical variables, For
example,

| wonld stand for the calepiry I B e ) WLirs
2 wonld stand for the category 31 w40 vears

el
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! In such situations, we connot perform the same statistical operations that we do
when the values are not grouped. For instonce, the mean, or average of the vanable
e 15 best caleulated when the ages are nod grouped, When we group the values, o
15 becanse we want o know the relative importance (hat s, the frequency, inper-
centagel of one group as compared (o the others, The information that 500 of the
population is umder 20 vears old in some developing countries is obtained by group-
ing the ages into 20 vears ofd or less and move than 200 vears ofd, When we collect
the data, it is always better to collect it in aclual years, since we can easily group it
later on in the data file with the help of a statistical software package. In this case, a
new column is added to the data file, and it comtains the grouped data of the quanti
tative varable, For example. in the G5593 subset data file that we use in the SPSS
labs, you will find two variables for sge: one is called age, and the other one is called
agecatd. The latter is calculated from the former, by growping individuals inte four
age groups. In the columne of agecatd, the specific age of an individual is not
recorded: only the age group of the individual is recorded,

Finally, numerical scales can be either continuous or diserete, A scale 15 said w

be comiimeens 1F the observations can theoretically ke any value over a certain
ramge, ineluding fractions of a unit, For matence, age, weight, length are continucus
variables becouse they are not limited w specific values, and they can ke any value
within a certamn range. A vanable s said 10 be diserere 100 can ke only o limited
number of pessible values, ol nel values i between, For instimee, the variable
Numirer of childres s measured by adiserete scale because il can only be equal oo

whale number: 0, 1, 2, ete,

Importance of the Level of Measurement

The level of measurement used for a variable depends on whether it is qualitative or
quantitative,

CQualitative variables must be measured at the nominal or ordinal level, They
cannot be measured o the numerical scale level, even when their categories are
coded with numbers, For instance, as shown above, we usually code the variable Sex
a5 follows:

I Male
Y Female.

I thas cose, the numbers 1 and 2 have no oo

erical vadue, They are simply
codes, [U s shorter oo write 1 than mate, and we could have assigned the numbers
differently. [F you ask SPSS o compute the mean (or average) for o varable coded
in this way, you will et oumerical answer. But you must always keep in mind that

such a numerical answer is torally meaningless becanse the level of measurcment
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of that varinble 15 nominal, The numbers vsed 10 record the informal ion are simply
cowles

Crantitateve variables are usually mensured by o numerical scale, b they could
e measured b the ordinal level also, For mstance, if vou have the annual imeome of
an individual, you may treat it as o numerical seale, but you could also group the
values into Low, Medivm and High come and treat the variable at the ordinal level,

When you perform a statistical analysis of data, it is very important to pay atten-
tion o the level of measurement of each variable, Some statistical computations are
appropriate only toa given level of measurement. and should not be performed if the
vartable is measured at a different level.

Concepts, Dimensions, and Indicators

We often want to observe social phenomena that are oo abstract and complex 1o be
expressed by a single variable, Suppose for instance that we want 10 observe and
mesure the degree of religions inclimation (or the tendency of a person towards
religiony in o given social group. Religious inclination can be manifested in many
ways: pedpde may have or net have certain befiefs about thear religion: they may also
prerform or nob certain sitwads such as attending religious services, fasting, praving,
clos they may also seek the aevice af the relivious leadership on important deci
sioms, o ignore such leadership: finally, they may seek w look at everything Trom
the: peint of view of religion, and gy e teachings of their religion in their duly
lives, or ignore them, All these aspects are not found all the time in all individuals.
Some individuals may have strong beliefs, while avoiding the religious services.
Cither may attend all services while heing skeptical abou some of the religious
dogma, The way o handle this complexity 15 to subdivide the concept of eligions
inclination into dimensions. which are themselves measured by several indicators, IF
we were o study religious inclination in the Cathalic relizion, we would aela sel of
dimensions and indicators that would ook as in Table 16 (we are simplifving the
issues o litle, of course).

The items listed on the right-hand side of Table 1.6 are indicators of the concept
of religiows inglingtion, None of them, taken alone, is 2 measure of religions incli-
nation, but ench of them constitutes one aspect of i Indicators that are seen as simi
lar are grouped together o form one donension of the concept. And finally the
various dimensions, taken together, capture the x'nﬂ-.'fpl a5 i whole. This way of
Breaking down g comples concept into dimensions and indicators is called the oper-
ationalization of the concept, As an dlusteation, we may wanl s see how coone
mists operationalize the concepl ol coss of fviag, They estimate the average cost of
most of the standard expenses o famaly ol Tour is expected w0 incur. The various
expenses are divided into main dimensions such as Tood, housing, transportation,
cducation, and leisure, Each dimension is then sulslivided into smaller dimensions:

themselves subdivided Further untl indicators are reached. For instance, food is
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Table'.6  Example of how a concept can be broken down into dimensions
and indicators

Concept e Dimensions _ Indicators
I. Beliefs Babd in Gl
Beliel w the Holy Trinity
Hellel In the minin dogma
el

Anesdance of wervioes
Performing prayers
Waptiting ¢hildren

ol

RELIGIOUS I Rinak
INCLINATION

1. Guatancs Conlting the priest sbout important docisions
Comsulting the official opaions of the church on
certain |svees such as birth comtrol

[ 4

[V, Duaaly life Belng kind and generous w peaple
Mol cheating others in comemencial transactions
13

broken down as: meal, vegetables, milk produets, e, themselves subdivided into
specific ilems such as: tomatoes, lettuce, ete. Finally, for each of these indicanors, the
increase or decrease in the cost of living is measured against the comesponding cost
in some year, called the base vear. By combining these indicators, economisis are
able 10 measure how the cost of living hus changed, on the average, for w family
of Four.

The way a concepl is broken down, or operationalized. into dimensions and
indicators depends on the theoretical framework adopied for a study. Researchers
may not agree on how to operationalize a concept, and you will find in the liverature
different studies thot operationalize concepts 1n completely different ways, because
they rely on dilferent theoretical frameworks,

Summary

Quantitative methods are procedures and techniques for collecting, orgunizing,
describing, analyzing, and interpreting dnta. In this chapter we have leamed the basic
vocabulary used 1 talk about quantitative methods, Data is orgamized into elecironic
data files with the help of stnistical packages, A data file contains the values tken
by a number of cases (which are the units of the population under study ) over some
variables. Every row represents a case, while every column represents a varable,
The units in the dita file usually Form a sample, which is itself a subset of the whole
population. Sometimes, the data file refers w the whole population.
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The variables can be either gualitative or guantitative. The system used to record™
the information is called a measurement seale. There are three levels of measure-
ment: nominal, ordinal and numerical {(interval or ratio). The level of measurement
of a variable will determine whal statistical procedures can be performed, and what
kind of graphs must be used 1o illustrate the data. When a concept is complex, it is
not measured directly. It is wsually broken down into dimensions and indicators,
which are then combined 1o provide a single measure,

The statistical procedures themselves fall into two broad categories: descriptive
statistics and inferential statistics, Deseriptive statistical technigues aim al describ-
ing the data by summarnizing it, while inferential statistical technigues aim at
genernlizing o a whele population what has been observed on a sample,

Keywords

Students should be able to deling and explain alf the following terms.

Data Case Continuous pumerical scales
[pta file LInit Discrete numerical scales
Cuantitative methods Sample Codes

Variahle Populition Coding

Yariable label : Level of measurement  Codebook

Value Nominal level Staristics (the two meanings)
Wil label Ohreinal level Dreseriplive statisticy

Numerical level Inferentinl statistics
linterval of ratio}
Cuantitative vaniable Exhaustive categonies  Dimensions of a concept
Qualiive variable Mutally exclusive Indicators of a concept
categories
Likent scale Operationalization of a concept

Vartable type
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