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Figure 6.5. QUA NTIFYIN G UNCERTA I NTY: Confide nce Int ervals
Prog ram 19 in: Ag a inst All Odds: Inside Sta tis tics

Prog rams 19 throu gh 25 are dev oted to for mal statis ti c a linferenc e. For mal inferenc eatt aches a probability statement to its
conclu sio ns to indicate how ‘reli a ble’ they are. The re are two impor tant types of inferenc e: tests of sig nifi can ce andconfidence
in ter vals. This progr amin trodu c es the basic idea sof confid e n ce int e rvals and their int e rpret ation in a sim p le setting. Lat e r
prog rams giv e specific confid e n ce int e rvals for use in more realis ti c situation s.

A 95% confid e n ce int e rval for a model parameter such as the meanµ, or a popula t ion ave r ageY−−, is an int e rval, computed
fr om sample data, that con tains the unknown ‘tr ue’ value ofµ or Y−− in 95% of all pos sib le samples from the popula t ion. The
confid e n ce statement has two parts: the int e rval its elf and the le vel of con fidence. The lev el of confid e n ce is usually chosen to
be 90%, 95% or 99%. In for mulae, we write the confid e n ce lev el as1−α, so that α is usually .10 , .5 or .01. The confid e n ce
leve l st ates the probability that the method wil l give a‘c orrect’ answe r; i.e., if you use 95% confid e n ce int e rvals often, in the
long run 95% of you r in ter vals wil l cont ain the ‘tr ue’ parameter or att rib u t evalue. Howeve r, you cannot know whether the
re sul t of applyi ng a confid e n ce int e rval to aparticular set of dat ais cor rect. The vid eo poi nts out that confid e n ce int e rvals lie
behin dthe "margin of error" that news repor ts often att ach to opi nio n poll res ult s.

In this progr am ,we con sid er the confid e n ce int e rvals for the model meanµ repre senting the ave r age of a popula t ion. We
assume the popula t ion is nor mally dis tributed and we hav esele cted by SRS (i.e., EPS) a sample of size n from the popula t ion;
thes eassumption sare often met quite clo sely in practic e. We als oassume that we know the standard dev iationσ of the popu -
la t ion; this isnot re a lis ti c, but we want to illust r ate the idea sof inferenc ein a sim p le case. Progr am21 des cribes what to do
whenσ is not known. The video looks at testing batt e rie s ,su ch as those use din heart pacem ake rs, to estim ate thei r mean
li fetim equ ite clo sely; the standard dev iation is of cou rse not known, but the idea sof confid e n ce int e rvals apply non etheles s.

A lev el 1−α confid e n ce int e rval for the meanµ of a nor mal popula t ion wit h known standard dev iation
σ, base don a sample of size nsele cted by SRS, is giv en by the expre ssi on at the rig ht; here z* is theup-
per normal critical value fo r p = α/2, giv en in the table at the lowe r right of the first sid e of Fig ure 5.4
of the Cou rse Mat e ria ls. Fo r a 95% confid e n ce int e rval, for exa mple, we exclude the ext rem e5% (α is .05); half of this , or
2. 5%, falls in ea ch tail of the dist rib u tio n, so we look up the poi nt z* with probability 0.025 lyi ng above it. [Se ethe cent re
diag ram at the bottom of the first sid e(page 5.9) of Fig ure 5.3.]
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The widt h of a confid e n ce int e rval shows how ‘accur ate’ our estim ate is; sm all widt hs are desir able. Othe r things bei ng
equal, the widt h of a confid e n ce int e rval decrea s esas:

• the confid e n ce lev el 1−α decrea s es; • the standard dev iationσ decrea s es; • the sample size n increa s es.

If we hav echosen a confid e n ce lev el and know the popula t ion standard dev iationσ, we can get a con-
fid e n ce int e rval of any widt h we want by picking the sample size n. The sample size requi red to obtain a
confid e n ce int e rval of speci fi ed widt h w for a nor mal mean is as giv en at the rig ht, whe re z* is the criti c a l
poin t fo r the desired lev el of confid e n ce. In pr act i ce, ext r a obs ervation scan be expensive or impractical. The video visit s a
prim ate res earch cent re, whe re monkeys and othe rprim ates for use in res earch are hou sed . The task of decid ing how many
prim ates to use in a medical study is diffic ult bot h fo r et hical rea son sand becau se of the expense inv olved .

n = (2z*σ
w )

2

A par ticular for m of confid e n ce int e rval is cor rect only unde rspecific con d ition s. The mos t im por tant con d ition sconc e rn
th emeth od use dto pro duce the data. Other facto rs such as the for mof the popula t ion dis tributio n may als obe impor tant.
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In the first, secon d and fifth parag raphs above, the words reli able, true, correc t and accurate are giv en in quotes (‘ ’ );
ex pla in brief ly the rea son(s) beh i nd this not ation.

• Explain brief ly why the word correc tin the first sent enc eof the la st paragr aph above is notgive nin quotes.

1

Yo u are a statis ti c a lcons ult ant to a busin ess organization and, dur ing you r first meeting wit h the organization’s con tact per-
son, she tel ls you she only wants confid e n ce int e rvals at the 99% lev el of confid e n ce becau se it is obv iou sly better to be
99% sure than only 95% or 90%. What wou ld you say in reply to this asse rtion?

2

Sh owhow the lo wer ex pre ssi on (fo r n) giv en at the rig ht above is der ive dfr om theupper ex pre ssi on for a confid e n ce int e rval.3

One charact e ris ti c of the method use dto produ c ethe dat a, mentio ned in the secon dsent enc eof the last parag raph of the
summar yof the video con tents giv en above, is that the data shoul d co m efr om a sample obtaine dby equ iprobable (random)
sele cting. Exp lain brief ly why equ iprobability in the selecting process is impor tant.

4

Explain briefly the implication(s) of the thi rd sent enc eof the last parag raph in the sum mar ygive nabov e.... the form of the
popu lation dis tribution may also be impor tant.

5
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