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Figure 13.12. INVESTIGATING RELATIO NSHIPS: Multidimensi ona l Data Ana lys is
Prog ram 10 in: Ag a inst All Odds: Inside Sta tis tics

This progr amco mplet es the pre sent ation of dat aanalys is by showing the use of computing technology and by a case study
that uses many of the tool s you hav ele arned to this poi nt. The assig nment for the Progr amis a rev iew assig nment, and the
self-test is a sample exa m ination that cov ers Progr ams 2 to 9.

The vid eo begin s with an exa mple of a study that analyzes data on many variable s to get a picture of env i ron ment al
st res s esin Chesapeake Bay. The variety and abundanc eof cre ature sliving in the Bay’s sedim e n t s ,the lev el of salt and dis-
solved oxyge nin the wat e r, and othe rvariable sare mea s ure dat many location sov er sev eral years. Num erical and graphi c a l
tool s fo r data analys is hel p turn this mass of numbers into con clu sio ns about the effects of hum an activ ities on the Bay.

Data analys is in practic e is car rie dou twith the aid of sta tis tical software on a computer. One fun ction of software is to do
calcula t ion s qu ickly and accur ately. Another is to prep are graphs qui ckly for our inspectio n. Yet another is to sto re and
ma n ipula te dat asets too large to be practical for analys is wit h a calcula tor. Moder n co mputing facilit ies ext end thes ebasi c
function sin two impor tant ways . First, they are in ter act ive, so that the computer responds immediat ely to you rco mma n d ;this
enables you to inspect the res ult and take the ne xt st ep in the data analys is wit h bett e r infor mation. Secon d, statis ti c a l
co mputing now feature sgr aph ica l ou tpu t on a high -re solu tio n scre en. The tex t em pha sizes the impor tanc eof gr aph i ng data;
mode rn computing allow syou to make more ela borate graphical displaysimmedi ately and toin ter act with them .

The vid eo shows graphics for statis ti c a l analys is as practis ed at Bel l Commun i c ation sRe search. The first gen eral prin-
ci p le illust r ated is the effective nes sof hum an-machin e in teractio n. The computer calcula tes and graphs ver yqu ickly, while the
hu man eye and mind see patt e rns and draw con clu sio ns in ways that are bey ond the powe rof machin es. This is why int e r ac-
tive graphics are so impor tant in statis ti c a lco mputing. Some of the displays ,su ch as scatt e rplo t s ,are famili ar to you. But now
we can display se ver al scatt e rplo t swhen more than two variable sare pre sent, and canli nk poin t s co rre sponding to the same
ca s eson sev eral plo t s. The software allow s you to mov e a brush, a rectang le on the screen whose size and shape you can
choos e, ove r on escatt e rplo t. The mat ching poi nts on the othe r plo t sare automati c a l ly hig hlig hted . This allow s you to see
rela tionships between more than just two variable s.

Br ushing is one way the computer can help us graspmultivariate data, in whi c hmo rethan two variable sare mea s ure don
each unit. Earli er progr ams showe dst atis ti c a lmethods for a single variable (Prog rams 2 to 5), for a variable changi ng ove r
time (Prog rams 6 and 7), and for rela t ion s hips bet ween two variable s (Prog rams 8 and 9). A look at new computer-aid ed
methods for inspecting many var iable sat once complet es this dev elo pment.

A computer scre en, like a pie c eof paper, is two -dimensi onal. A scatt e rplo t fo r two variable sus esboth dim e nsi ons. How
can we display dat awith more than two dimensi ons? Sev eral scatt e rplo t sdisplay the variable s two at a tim e, and brushing
helps us see mul t ivariat erela t ion s. Anot he rmethod is to try to pre sent a mul t ivariat escatt e rplo t directly. A scatt e rplo t of three
variable s ,fo r ex ample, is a cloud of poi nts in space. To make the thi rd dim e nsi on visib le on a flat screen, computing sys tems
us ecolour or motion. Notic e in the video how motio n in par ticular makes a three -dimensi onal patt e rn app are n t. Moder n
st atis ti c a lsoftware allow syou to roa marou nd a three -dimensi onal scatt e rplo t un til you find a viewpoin t that rev eals the nature
of the rela t ion s. The vid eo illust r ates this by looking at the epi cent e rs of ear thquake s in the Fiji Isl ands, whe re the thi rd
dimensi on is depth ben eath the ear th. The pro per vie wpoin t sh ows that the epi cent e rs mark the bou ndaries bet ween two
moving pla tes on the earth’s sur face, whose col lisi on cau ses the earthquake s. The same idea can be appli ed to dat awith fou r
or more dim e nsi ons. A scatt e rplo t of two of the variable s is a par ticular two -dimensi onal view; it takes more exper ienc eto
gr asp changi ng two -dimensi onal views as the computer change sviewpoin t s.

Anot he rway to pre sent mul t ivariat edata on a flat screen or pie c eof paper is to use a repre sent ation unrela ted to scatt e r-
plo t s. Ma ny such graphs hav ebeen inv ent e d. The video looks at one chosen becau se it is easy to unde rst and:fa ces. Each
variable con trols one feature of a car toon hum an face, so that different rela t ion sbetween the variable sre sul t in faces wit h diffe-
re n tex pre ssi ons. The hum an eye and mind can sometimes use the faces to group cases that are sim ilar and to distinguis h them
fr om other cases. For exa mple, ver y good for ged cur renc y ha sbeen distinguis hed from genuin e currenc yby mak ing sev eral
mea s urements and repre senting them as a face.
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