Introduction to
Statistical Science

Statistics 15 the science that eelates data w speciiic questions of mierest. This meludes
devising muethnds 1o gather data relevant o the guesiion, micthods o summarize
and dispiay the data (o shed light on the question. and methods that enable vs o
draw answers (o the question thal are supporied by the data. Data almost always
confain unceriainty, This uncertainty may arise from selection of the items o he
mcasured, or it may arise from variability of the measurement process. PDrawing
gcoeral conclusions from data 15 the hasis for increasiag knowledge about the wotld,
attd 15 the basis tor all rational scientific inguicy.  Swafisticdd inference  pives us
methads and 1oels for doing this despue the uncertainty i the data, The methods
useid for analysis depend on the way the data were gathered. i is vitaily important
that there is a probability model explaining how the uncertainty gots into the data,

Showing a Causal Relationship from Data

Suppose we have observed two variables .V and V. Vurisble A appears to have an
assaviarion with vagiable Y. IF high values of X occur with high vidues of variable ¥
and low values of X occur with low values of V7, we say the association is posilive, (n
the otiier hand, the association could be negative in which high values of variable X
acour in wirth low valucs of vartable ¥, Figure 1.1 shows a schematic diagram where
the association is indicated by the dotted curve connecting X and Y. The unshaded
ared indicotes that W and 37 are observed variables. The shaded area indicares that
there may be additional variables that have not heen observed.

Fatreduectic vy Bervesioan Stotiatics, Second Felttiem, By Wailiam M, Holsad
Caopyright (822007 John Wiley & Sons, Inc.



2 INTRQDUCTION TO STATISTICAL SCIENCE

St

Figure 1.1 Association between two variables.
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Figure 1.2 Association due to causal relationship.

We waould hike to defermine why the two variablos are associaled. There are
several possible explanations. The associalion might be a causal one. For example,
X might be the cause of Y. This Is shown m ¥Figure 1.2, where the caosal velationship
15 indicated by ihe arrow from X o Y.

On the sther hand, there could be av unidentitied third variable Z that has a causal
elfect on buth X and Y. 'They wre not relaied oo divect causal refationship, The
assoctatton belween them s due 10 the eflect of Z. Z 15 called a furbing variable,
sused: it is hidiog in the background and it aficers the data. This is shewn in Figure
1.3

T is possible that both a cavsal etfeer and a lurking variable may both be contribui-
iy (o the association, This is shown in Ficure 1.4, We zay that the cavsal effeci and
the elfect of the Jurking variable are confrumded. This means that both effects are
inctuded in the association.















