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UNIVARIATE DESCRIPTIVE
S5TATISTICS

This chapier explains how data concerning one variable con be summuprized and
deseribed, with tables and with simple charts and disgrams,
Adter studying this chapter, the stadent should know:
+ the basic types of univarate descriptive measures:
= how the level of measurement determines the descriptive messures o be
used;
how to interpret these descriptive measures;
how o read a frequency table:
o the differences in the significance and the vses of the mean and the median:
*  how e interpret the mean when a quantitative variable is coded;
*  how o describe the shape of a distribution {symimetry; skewness);
*  how to present data (frequency tables: chartsy:
* what sre weighted means and when 1o use them,

Data files comn o Lot of information that must be summarzed i order o be
useful. 10 we look for instanee at the variable age in the data e GSS93 subset that
cirmies with the SPSS package. we will find 1500 eniries, giving us the age of every
mdlividual in the sample, 1f we examine the ages of men and women separately, we
vannot determine, by looking simply at the raw data, whether men of this sample
tend 1o be older than women or whether it is the other way around. We would need
to know. let us say, that the average age of men is 23 vears and of women 20 years
Lo make 4 comparison. The average is a descriptive measure.

Descriptive statistics aim at describing a situation by summarizing information
it 2 way that highlights the important numerical features of the duta. Some of the
information is lost as a result. A goad summary captures the essential aspects of the
dara and the most relevant ones. It summarizes it with the help of numbers, usually
organized into tables, but also with the help of charts and graphs that give a visual
representaien of the distributions,
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UNIVARIATE DESCRIPTIVE STATISTICS am
[ this chapter. we wiall be looking al one vanable at a time. Measures that
e measures, We will examine bivariate

mensures, those measures that concern two variables together, in Chapter 8,

concern one variable are called omivi
There are three important types of univariale descriptive measures:

o measures of central endency,
o measures of dispersion, and
e measures of position,

Measures of central tendency (sometimes called measwres of the center) answer
the question: What are the categories or numerical values that represent the Sk of
the data in the best way? Such measures will be uselul for comparing various groups
within o population, or secing whether o variable has changed over time. Measures
of central tendency include the mear (which is the echnical term for average), the
meeltenn, and the mode,

Mensures of dispersion answer the gquestion: How spread oot is the data? 1s it
mostly concentrated around the center, o spread out over a large range of values?
Measures of dispersion include the standard deviation, the variance, the range (there
are several variants of the range, such as the interguartile range) and the coeflicient
of variatien.

Measures of position answer the question: How is one individual entry posi-
tioned with respect e all the others”? Or how does ane individual score on o variable
in comparison with the athers? IF you want o know whether you are part of the 1op
5% of a math class, you must use a measure of position. Measures of position
melude percentiles, deciles, and quartiles.

Other measaees. In addition o these measures, we can compule the freqguencies
ol certnin subgroups of the population, as well as certmn caties and preoportions that
help us compare their relative importance, This is particularly useful when the vari-
able is qualitative, or when it s quantitative but its values have been grouped into
colggorics.

The various descriptive measures that can be used in o specific situation depend
on whether the variable is qualitative or quantitative. When the variable is quantita-
live, we can look at the general shapre of the disteifution, o see whether it s sym-
metric (that is. the values are distributed in o similar way on both sides of the centen)
or skewed (that is. lacking symmetry), and whether it is r;}lhcr flat or rather peaked
(a characteristic called kurtosis. #

Finally, we can make use of charts o convey a visual impression of the distibu-
tion of the data, [t is very easy o produce colorful sutputs with any stalistical soft-
ware. s |_]'|'||'|-i'|.|'|[||'||_. h|_'|\.1.-1:1.-|:|1 Wy chonse |h.l.' .:J.l?lf.'.l'r.lllw'm'n'a' char, one thit i.:\

megrgngful and that comveys the most imporiant properies of the dat, This is not
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alwaes easy, and you will have o pay atlention o the way an appropriste chart is
chosen, a choice that depends on the fevel of measurement of the variable,

It s very impertant to realize that the statistical measures used o describe the data
pertaining 1o a variable depend on the level of measurement used, 1f a variable is
measured at the nominal scale, you can compute certain measures and nol others.
Theretore you should pay attemtion to the conditions under which 2 measure
could be used; otherwise you will end up computing numerical values that are
meaningless.

Measures of Central Tendency
For Qualitative Variables

The hest way o describe the data that corresponds o o qualitative variable is to show
the Prequencies of it varions cotegorivs, which are a simple count of how nany
individuals fall into ench category, You could then work out this count as a percent-
age of the 1otal number of units in the sample. When you ask for the frequencies,
SPSS automatically caleulales the percentages as well, and it does it twice: the per-
centage with respect to the wial number of people in the sample, and the percentags
with respect 1o the valid answers only, called valid percent in the SPS3 outputs, Let
us say that the percentage of people who answered Yes to a question is 40% of the
total. If only half the people had answered, this percentage would correspond to 80%
af the valid answers. In ather words, although 40% of the people answered Yes, they
sl constitute 80% of those whe answered. SPSS gives you both percentages (the
el pereentage and the valid percentage ) and you have w decide which one 18 more
significant m o particular situmtion,

Forinstanee, Table 30 summarizes the answers (00a question sbout the legalization
ol marijuan, oo sorvey given oo sample of 1500 individuals,

Takle 3.1 A frequency table, showing the frequencies
of the various categories, as well as the percentage
and valid percentage they represent in the sample

Should Marijuana Be Made Legal

E'“ | Frequency | Percent |Valid Percent
Yalid Legal zil 1.1 T
Mt begal 7o 479 | T3
Toal valid LRl fi2.0h LWy
Missing ST Ha |
| Total 1 5iH) ey l

Table 5.0 ells ws that the sample included 1500 mdividuals, but thal we have the
amswers o that question for 830 individuals only, The percentage of positive answers
can be caleulated either out of the il number of people in the sample, giving
P 1% s shown in the Percent column, or out of the number of people for whom we
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P2 0% us shown in the Vadid Percent column, Which pereentoge

have answers, giving 22,
1% the most useful? U depends on the reason for the missing answers, [f people did
ot answer because the guestion was asked of only o subset of the sample, the valid
percentage is easier o interpret, Bul if 570 people abstained because they do not
want 1o let their opinion be known, it is more dilficult 1o interpret the resulting
figures, A good analysis should include a discussion of the missing answers when
their proportion is as important as it is in this example.

Table 3.1 comes from the SPSS output. When we write a statistical report, we do
not include all the columns in that table, Most of the time, vou would choose either
the valild percentage (which is the preferred solution) or the wial percentage, but
rarely both, unless you want 1o discuss specifically the difference between these two
percentages, The cumulative percentage is only used for ordinal or guaniitative
variables, and even then is included only if you plan o discuss it

Tordescribe the center of the distribution of a gualitative variable, vou must deter-
mine which category includes the bigpest coneentration of data, This is called the
miode, The mnde for o gealiiative variable i the category thar Bas the highest
freguensy Csometimes called modal category),

The meadal category could include more than 30% of the data, In this case we say
that this category includes the majority of individuals, If the medal category
includes less than 30% of the data, we say that it constitutes o plurality, We can
illustrate this by the follewing situations concerning the voles in an election,

First situation: Party A 3490 of the vores
¥

Tty 1B 214 of the votes

Fariy 25% of the votes,

Here we conld say that Party A won the election with o maforie, Compare with the

following situation,

Second situation: Party & A of the vores
Party B 3G of the vores
Party 23% of the voles,

/

Here we can say that Pary A won the election with @ phesalioe of votes, but withour
amagority, 11 Parties B oand O formed o coalinon, they could defean Parcy AL For this
repson, some countoes include in therr electoral law o provision that, should the
winning candidate or o winning party get less than the absolute majority of voles
(500 4 1), a0 second wrm should ke ploce among those candidates who are ot the
top ol the list, sooas teoend apowith oowimner having more than 5095 af the votes,

A pood deseription of the distribution of o gualitative variable should include o

mention of the modal cotegory, but 10 should alsooinclude o discussion of the pattern



36 INTERPRETING QUANTITATIVE DATA WITH SP55%

alwibys ensy, and you will have 1o pay altention o the way an appropriate chart is
chosen, o choice that depends on the level of messurement of the variable.

[t is very important (o realize that the sutistienl measures wsed W describe the da
pertining o variable depend on the level of measurement vsed. IF & variable is
measured at the nominal scale, you can compute certain measures and oot olbers,
Therefore wvou should pay attention 1o the corditions under which a measure
could be useds otherwise vou will end up computing numerncal values that are
menningless,

Measures of Central Tendency
For Qualitative Variables

The best way to describe the dats that vorresponds o a qualitative variable is to show
the frequencies of its various categorics, which are a simple count of how fmany
individuals fall into ench category. You could then work out this count as & percent-
age of the ol number of units in the sumple, When you ask for the frequencies,
SPSS sutomatically caleulites the percentages as well, and it does it twice: the per-
centage with respect to the wial nember of people in the sarmple, and the percentage
with respect o the valid answers only, called valid pereent in the SP55 autputs, Let
us say that the percentage of people who answered Yes 1o a question is 40% of the
total. 1T only half the people had answered, this pereentage would comespond 1o 80%
of the valid answers, [n other words, although 40% of the people answered Yes, they
shll constitule 80% of those who answered. SPSS gives you both percentages ithe
total percentage and the valid percentage) and you have to decide which one is more
sigmiticant in o particalar situation.

For instance, Table 3.1 summarizes the answers to 2 question about the legalization
of marijuana, in a survey given to a sample of 1500 individuals.

Table 3.9 A frequency table, showing the frequencies
of the various categories, as well as the percentage
and valid percentage they represent in the sample

Should Marijuana Be Made Legal

| |Frequency | Percent |Valid Percent |
= N bbbt 0 Mo Pl o ot ok
Valld Legul T 4.1 | 7
| Mot legal | T A7 4 TT.3
Tonal winlad a0 | [ ] HETH
Melinsdmg 570 LEAY]
T ! 151H1 LLUERS

Table 3.1 tells us that the sumple included 1500 individuals, but that we have the
answers to that question For 930 individuals only. The percentage of positive answers
can e calealated cither out of the wial number of people in the sample, giving
14 1% as shown in the Percent column, ar aut of the aumber of peoaple for whom we
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have answers, giving 22.7% as shown in the Valid Percent colummn, Which percentage
is the most useful? It depends on the reason for the missing answers, IF people did
ot answer because the question was asked of enly a subser of the sample, the valid
use they do not

percentage is casier to interpret, But if 570 people ubstained be
want 1o let their opinion be known, it is more difficult 1o interpret the resulting
figures, A good analysis should include a discussion of the missing answers when
their proportion is as important as it s in s example,

Tahle 3.1 comes from the SPSS output. When we write o statistical report, we do
not include all the columns in that table. Most of the tme, you would choose either
the valid percentage (which is the preferred solution} or the total percentage, but
rarcly both, unless you want to discuss specifically the difference between thcsc two
percentages. The cumulative percentage 15 only used for ordinal or guantitative
yariables, and even then is included only i you plan @ discuss i

To describe the center of the distribution of a qualitative variable, you must deter-
mine which category includes the higgest concentration of data. This is called the
mide. The mode for o qualiterive vartable 5 the caregory that s the Righess
freguency Gsometimes called modal category ).

The modal ctegory could include more than 0% of the data, Tn this case we say
that this catepory includes the majority of individuals. [0 the modal catepory
includes less than S085 of the dota, we say that it constitutes o plarality. We con

illustente this by the Tollowing situations coneerning the votes inan election,

IFirst situztion: Party A 545 of the vales
Party B 21%: of the voles
Party C 25% of the voles,

Here we could say that Party A won the election with a maforine. Compare with the
following situation.

Second situation: Party A A of the votes
farty 1§ 3% of the voles
Mty O 25% of the voles,

s

Here we can say that Party A won the election with a pleeralite ol votes, bul without
amajuorniy, I Porties B and C formed o coalition, they could detem Pary A For this
reason, some countoies inclede in their electoral law o provision that, should the
winning candidate or o winming party get less than the absolute majority of votes
500 ; 13 o second warm should ke place among those candidates who are at the
top of the list so as o end up with o winner having more than 505 of th'i.‘.‘r'l]tﬂ.r-.

A good deseription of the distribution of @ qualitative variable nhuul.d include a
mention of the modal category, but it should alse include a diseussion of the pattern
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ol the distribution of individuals across the various categories, Concrete cxamples
will be given in the last section of this chapter.

For Quantitative Variables

CQuantitative variables allow us a lot more possibilities. The most useful measures of
central tendency are the mean and the median, We will also see how and when to use
the mode. The mean of a guantitative variakle is defined as the swm of oll entries
divided by their number.

In symbolic terms,

the mean of a semple 15 writlenas T = TI.‘ and
S 2x
the mean of 4 population 15 wrillen as g = =——
Y

These symbols are read as follows;

X s read as x bar, and it stands for the mean of a sample for variable X,

o, is read as ey, and it stands for the mean of a population, The subscripe v refers
ton the varisble X,

x,is read as vof Drefers tooall the entries of your data that pertain o the variable

X, which are labeled x, x, x, ete,

is read as sigra. When followed by x, it means; add all the x's, letting f range

over all possible values, that is, from | won (for 2 sample) or from | to WV ifer a

population),

i s the size of the sample. that is, the number of units that are i,

N 18 the siee of the population,

You may have noticed that we use different symbols for a population and for a
sample. o indicate clearly whether we are talking show a population or a sample.
We do not always need o write the subscript v in g We do it only when several
variahles are involved. and when we want to keep rack of which of the variables we
are talking about. In such & sitvation we would use g, g and g, 1o refer to the mean
of the population for the variables v, v, and 2 respectively, Mutice that in the formula
for the mean of 3 population, we have written a capital ¥ o refer W the siee of the
population rather than the small # wsed for the size of a sample.

The mean is very useful to compare various populations, or w0 see how o variable
evolves over time. Bul il can be very misleading if the population is not home-
geneous. Imaging a group of five people whose hourly wages are: S10. 520, 545, 560
and 365 an howr, The average hourly wage would be;
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g2 5 4 + 05
f:m_‘.“.fw—.m an hour.
h

But if the last participant was an international lawyer who charged 5400 an hour of
consultancy, the average would have been $107 an hour (you can compute it your-
self], which is well above what four out of the five individuals make. and would be
a misrepresentation of the center of the data.

In order to avoid this problem, we can compute the trimmed mean: you first
eliminate the most extreme values, and then you compute the mean of the remaining
gnes, But you must indicate how much you have inmmed. In SPS3, one of the pro-
cedures produces a 3% trimmed mean, which means that you disregard the 3% of
the data that are farthest away from the center, and then you compute the mean of
the remaining dats entres,

The mean has a mathematical property tha‘tﬁwili be used later on. Starting frar!-l the
definition of the mean, which states that =“—It we can conclude, by multiplying
both sides by n, that:

THr=2x

In plain language, this states that the sum of all entries is equal 10 0 Gmes the
e,

We will discuss all the limitations and warnings concerning the mean in a later
section on methodological issues,

THE MEAN OF DATA GROUPED INTO CLASSES

When we are given numerical data that is grouped ino classes, and we do net know
the exact value of every single entry, we ¢an sl compute the mean of the distribie-
tion by using the midpoint of every class. What we get is not the exact mean, bt it
is the closest geess of the mean that s available. If the classes are not oo wide, the
value obtained by using the midpeints is not that different from the value that would
have resulted from the individual data.

Consider one of the intervals @ with frequency f and midpoint x, The exact sum
of all the entries in that ¢lass is not known, but we can appeoximate it using the mid-
point. Thus, instead of the sum of the individual entries (not known) we will count
the midpoint of the class § times. We obtain the following formula,

2k
Mean for grouped dats = =———

Here, n is the number of all entries in the sample, It is therefore equal w the sum of
the cluss frequencies, that is, the sum of the number of individuals in the variows
classes. The formula can thus be rewritten as




