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Figure 3.1. DAT A PRESENTATION AND ANALY SIS: Looking at Dat a

1. Int r odu ction

In dat a-base d inve s tig a t i ng, the For mulation, Desig n and Exe cutio n st age s of the FDEAC cycle are fol lowe d by the Analys is
st age – exa m inating, pre sent ating and analys ing the data to answe r the que s tion(s) of int e rest. The fir st st ep in assessing the in-
fo rmation con tent of a data is to lo ok at the data; "lo ok" is to be taken lit e r ally, in the sense of exa m ining picto ria l and tab ular
pres entation s of the data in ways that are appro priat e fo r the que s tion(s) the data are int ende d to answe r. It may take con sid er-
able wor k, inv olv ing a number of att emp t s , to deve lop for ms of pre sent ation whi c h re a l ly are ap pro priat e; care, hon esty and
im agi nation are essentia l to this process.

Data pre sent ation s have two function s:

• they are an essentia l co mponent of the process whe reb y the inv estig a tor(s ) achiev e an unde rst anding of the data; such un-
de rst anding shoul d always be a precon d ition of usi ng the dat a to answe r qu estio ns.

• pi cto ria l displays and table s sh oul d be the primary means by whi c h it is made cle ar to oth ers that the data do yi eld the
st ated answe rs.

2. Principles of Graphical Exc e lle nce

In the book The Vis ual Display of Qua ntita tive Information (Graphi cs Pre ss, Cheshi re, Conne cti c ut, 1983), Edward R.
Tu fte giv es (p. 51) the fol low ing five hallmarks of gr aph ica l excellen ce:

• it is the wel l-desig ned pre sent ation of interesting infor mation – a matt e r of subs t ance, of sta tis tics and of design;

• it con sis t s of complex idea s co mmu nicated with clarity, pre cisio n, and efficie n cy;

• it is that whi c h give s to the vie wer the gre atest number of idea s in the sho rtest tim e with the lea st ink in the sma l lest space;

• it is nearly alw ays multivariat e;

• it requi re s telling the truth abou t the dat a.

Mo re gen erally, thes e st atements shoul d be the goa ls of all data pre sent ation and analys is; graphical exc ellenc e (o r it s ab senc e)
is the theme of the data displays in this Par t 3.

3. Tabul ar Presentation of Dat a

The principles of graphical exc ellenc e li sted above in Section 2 are equ ally appli c able to the ta b ular pres entation of dat a.
As dis cus s ed in Fig ure 3.11a, con str ucting pro per tables is as dem anding a task as produ cing infor mative picto ria l displays , and
the two methods of pre sent ation are complem e n tar y. The ver tical and horizont al sp aci ngs of a table (e.g., the dist anc es be -
tween row s and bet ween colum ns) shoul d be chosen so that, eve n at a gla n ce, the re is appro priat e separation bet ween the vari-
ou s table components (e.g., tit les and heading s , data, exp lanation s and lege n ds) and bet ween dat a subcat egor ies; this is pro per
blocking of the table con tents. In addit ion, table s sh oul d be made as se lf- con t ain e d as fea sib le; for exa mple, it is better to de-
fin e abbrev iation s, to indicate speci al feature s or lim itation s of the data, and to descr ibe met hod(s) of dat a collection, at lea st in
summar y fo rm, in the ta b le rather than only in accompanyi ng tex t.

A charact e ris ti c of table s (but les s co mmonly of graphical displays) is that they may become the primary reposit ory of the
or igi nal data; this can be of vit al impor tanc e in jour nal pub lication s of scie n tific papers, for exa mple. The ability of a table to
function as an his t orical record of dat a sh oul d be a sig n ific a n t consid eration when the table is con str ucted . Ta ble s also often
prov ide a good way of allow ing other people to che ck the accurac y and appr opr iaten ess of dat a ma n ipula t ion s involved in the
answe rs whi c h are pre sent e d.

A set of 64 table s , ma ny of appre ciable complex i ty, is giv en in the book (Jo hn Wiley & Son s, Inc., 1981) edit e d by J.O.
Nriagu: Cadmium in the Environment. Par t 2. He a lth Effects, in Chapt e r 4 entit led: Distribution of Cadmium in Human Tis-
sues . The chapt e r il lust r ates the use of tab ular displays as an int egr al part of a compreh e nsive pre sent ation and assessment of a
large mul t i-component data set.

4. A Classification of Pic tor ial Disp lays

In the book St atist i cal mappi ng and the prese nta tion of sta tis tics (Edward Arnol d, Lon d on, Secon d edit ion, 1973), G.C.
Dickinson (p. 17) give s a ‘fa m ily tre e’ of picto ria l displays . The primary div isi on is into sta tis tical diagr ams, whe re spatia l dis-
tr ibutio n (if any) is not an impor tant aspect of the data, and sta tis tical maps, whe re the spatia l dist rib u tio n of the data is im por-
tant. In statis ti c a l di agr ams, the re is then a divi sio n on the basis of the chief purpose of the diag ram . To show rela tionships be-
twee n qu ant ities or tren ds, the types of diagr ams whi c h can be use d in clu de li ne gra phs, bar gra phs, ci rcu lar gra phs, log
gr aphs and sc atter diagr ams. Alter native ly, to illust r ate di vision into com pon ents, diagr am types inclu de co mpound lin e, bar
gr aphs, di vided cir cles (‘ pie charts’ ) and rec t ang les, and tr iangu lar gra phs.

St atis ti c a l maps are als o divi ded into two catego rie s: non-qua ntita tive and qu ant ita tive. No n-quantit ative maps conve y thei r
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infor mation usi ng sy mbols , le tters, sha ding, etc. Quantit ative maps are div ide d in t o thre e subcat egor ies on the basis of whether
they show quantit ies dist rib u t e d at specific poin t s, wit hin a giv en area, or along a li ne. The three subcatego rie s then usually
em p l oy different methods of conve ying infor mation; for ins tanc e, pro por tio nal shapes (e.g., circle s , squ are s) can be use d fo r
poin t s, sha ding s can cov er area s, and bands of pro por tio nal widt h or graduated size may be useful along li nes . There is much
scope for achievi ng graphical exc ellenc e by the cre ative appli c ation of co mbi nations of any of the technique s in this cat egor ization.

Ta b ula tions of Mor tality by Cou nty for Ontario Res idents Dur ing 1964-68, Facul ty of Mat hem ati cs, Unive rsity of Wat e r loo,
April, 1983, illust r ates the use of table s , sh ade d maps and his t ogr ams in pre senting a large dat a set. The 14 graded sha ding pat-
ter ns of the maps, origi nally in red, blu e and black, were dev elo ped to rem ain vis u ally dis tin ct when reprodu c e d in black and white.

5. Frequ ency Distr ibutions

A useful sum mar y of a dat a set is its freq uen cy dis tribution – a set of mutually exc lusiv e in ter vals (o r ca tegories) whi c h
sp an the ful l rang e of the obs ervation s, tog ether with the number of obs ervation s that fall in each int e rval or cat egor y. Three
data feature s (o ften conve ying infor mation abou t popula t ion attributes) whi c h are seen from a pro perly-con str ucted frequ enc y
dist rib u tio n are the shape of the dist rib u tio n, whe re it is lo cate d, and how sp r ead out it is. In addit ion, a frequ enc y dist rib u tio n
sh oul d sh ow if the data set cont ains ou tli ers – obs ervation s (u sually fe w in number) whi c h are well separa ted fr om the main
body of dat a. A us eful (thou gh not essentia l) first step in con str ucting a frequ enc y dist rib u tio n is to or der the obs ervation s in
the dat a set (fr om sma l lest to large s t, say), alt hou gh it is good statis ti c a l practi ce to ret ain a record of the or igi nal order of the
data, becau se this order may sometimes be a sou rce of useful infor mation. The fol low ing Section s 6 and 7 des cribe two meth-
ods of pre senting frequ enc y dist rib u tio ns.

6. Stemplot s (a lso calle d St e m an d Leaf Plot s)

Cons tructing a stem p lot or stem and leaf plo t is a useful first step in the exa m ination of alm o st any data set ; su ch displays
can be produ c e d by hand fair ly qui ckly eve n fo r data set s cont aining sev eral hun dre d obs ervation s, alt hou gh some statis ti cia ns
tend to confin e thei r us e to ‘sm all’ dat a sets. In addit ion to their ease of con str uction, stemplo t s have three other advant age s
ov er his t ogr ams:

• the actual obs ervation s can be recov ere d fr om the plo t ;

• the number of sig n ific a n t fig ure s in the data (i.e., the pre cisio n of mea s uring) is appare n t ;

• patt e rns in the obs ervation s (e.g., only odd final digits) or in their spaci ng may become visib le.

St emplo t s have a number of variation s which allow them to be appli ed to dat a sets wit h a wid e rang e of feature s. Exa mples of
the sim p lest variety of stemplo t (w ith pro per tit les, label s, etc.) are giv en in Fig ure s 3.6.

7. Histo grams

A histogra m can be thoug ht of as a stemplo t in whi c h (v ertical) bars are use d in place of the (ho rizon tal) row s of dig its
which for m the leave s; howeve r, his t ogr ams are more flex ible becau se of the fre e dom whi c h is availa ble in the choic e of the
in ter vals whi c h deter min e the widt hs of the bars. Pro por tio ns are repre sent e d in histogr ams by bar area; the ver tical axi s of a
his t ogr am thus has a density scale. Like all pi cto ria l displays , his t ogr ams shoul d have pro perly label led axe s and an infor mative
title. In addit ion to exhibiting impor tant feature s of a dat a set, his t ogr ams provi de a useful vis u al link bet ween empir ical and
theoretical probability dis tributio ns; i.e., they facilit ate math ematical model ling of dat a dist rib u tio ns. The method of con str uct-
ing a his t ogr am and feature s to look for in the finish ed display are des cribed in Fig ure 3.7, whi c h is fol lowe d by Fig ure s 3.8
sh owing his t ogr ams (and bar graphs) from a varie ty of dat a sets. We hav e prev i ously encou ntered his t ogr ams in thes e Course
Ma ter ials in Fig ure s 2. 5c and 2.7b on pag es 2.43 and 2.51.

A bar gra ph (o r bar chart) is sim ilar in appearanc e to a his t ogr am , except that gaps are left bet ween the bars to indicate lack
of con tin uity from one cat egor y (e.g., of nominal data) to the nex t and a density scale is sel d o m involved . Un for tun ately, the dis-
tin ction bet ween the two displays is not always recog n ized and their names sometimes appear (wrongly) to be use d in terchange ably.

8. Misconcept ions

Mi sconc eptio ns about the processes of usi ng data to answe r qu estio ns are common; fou r of the more damag ing ones are:

• it is not necessar y to lo ok at dat a; rat her, it is only necessar y to enter them into a computer, prefe r ably one that has a vari-
ety of pre -prog ram me d st atis ti c a l software availa ble, and answe rs wil l be for thco m ing ;

• infor mative dat a pres entation s (t abular and pi cto ria l or graphical) are ea sy to con str uct;

• si mple sum marie s of dat a are usually uninfor mative;

• proper met hods of dat a pres entation and analys is are co mplicated; gen erally, the more co mplicated the met hod, the ‘bett e r’
it s answe rs.

Thes e mist aken idea s can have ser iou s cons equ enc es – inhib iting pro per dat a pres entation and analys is and thu s cont rib u ting to
the abuse of statis ti c a l methods and disseminating falsehoods.
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