
Serik Sagitov, Chalmers Tekniska H�ogskola, April 10, 20057. Hypotheses testing7.1 Signi�
an
e testDef 1: null and alternative hypothesesnull hypothesis H0: the e�e
t of interest is zeroalternative H1: the e�e
t of interest is not zeroH0 represents an established theory that must bedis
redited in order to demonstrate some e�e
t H1Def 2: type I and type II errorstype I error = false positive: reje
t H0 when it's truetype II error = false negative: a

ept H0 when it's falseState of A

ept H0 Reje
t H0nature negative result positive resultH0 is true True negative False positivespe
i�
ity = 1� � � = P(reje
t H0jH0)H1 is true False negative True positive� = P(a

ept H0jH1) sensitivity = 1� �Def 3: test statisti
 and reje
tion regionTest statisti
 = a fun
tion of the datawith distin
t typi
al values under H0 and H1Reje
tion region (RR) of a testa set of values for the test statisti
 whereH0 is reje
tedIf test statisti
 and sample size are �xed, then either(�% � &) or (�& � %), when RR is 
hanged1



Def 4: signi�
an
e test�x an appropriate signi�
an
e level ��nd RR from � = P(test statisti
 2 RRjH0)using the null distribution of the test statisti
Common signi�
an
e levels: 5%, 1%, 0.1%Type I error is believed to have graver 
onsequen
estherefore we 
ontrol � and not �7.2 Large-sample test for proportionSample 
ount Y � Bin(n; p), p = population proportionsimple null hypothesis H0: p = p0Test statisti
 Z = Y�np0pnp0q0approximate null distribution: Z � N(0,1)RRs for three 
omposite alternative hypothesesone-sided H1: p > p0, RR = fZ � z�gone-sided H1: p < p0, RR = fZ � �z�gtwo-sidedH1: p 6= p0, RR = fZ � z�=2 or Z � �z�=2gEx 1: postponed deathsH0: death 
an not be postponedH1: death 
an be postponed untill after important dateJewish data, California: n = 1919 deaths in
ludingY = 922 deaths during the week before Passover2



Y � Bin(n; p), H0: p = 0:5, H1: p < 0:5observed test statisti
 Z = �1:712If � = 0:05, then z� = 1:645 and Z < �z�reje
t H0 in favor of H1 at 5% levelSeasonal e�e
t? Chinese and Japanese data (California):n = 852, Y = 418, n�Y = 434, observed Z = �0:548
an not reje
t H0 in favor of H1 at 5% levelDef 5: P-value of a testP = the smallest signi�
an
e level at whi
hthe test reje
ts H0 for the observed datashows how signi�
antly observed data 
ontradi
ts H0If P � �, reje
t H0 at the signi�
an
e level �If P > �, do not reje
t H0 at level �Ex 1: postponed deathsJewish data: one-sided P = P(Z < �1:712) = 0:043Chi-Jap data: one-sided P = P(Z < �0:548) = 0:292Ex 2: aspirin treatmentpla
ebo group: 11034 individuals, 189 heart atta
ksaspirin group: 11037 individuals, 104 heart atta
ksTest H0 = fno aspirin e�e
tg againstH1 = faspirin redu
es the risk of heart atta
kgTest statisti
X = #fheart atta
ks in the pla
ebo groupgP = P(X � 189jH0) = 0:00000033



7.3 Small-sample test for the proportionTest statisti
 Y � Bin(n; p), H0: p = p0exa
t null distibution Y � Bin(n; p0)if n is small, we 
an not use normal approximationSigni�
an
e testsone-sided H1: p > p0, RR = fY � y�gone-sided H1: p < p0, RR = fY � y0�gtwo-sided H1: p 6= p0, RR = fY � y�=2 or Y � y0�=2gDef 6: test powersensitivity of the test 1� � = P(reje
t H0jH1)Powerless de
ision rule at 0% level: never reje
t H0Ex 3: extrasensory per
eption (ESP)ESP test: guess the suits of 20 
ards
hosen at random with repla
ement from a de
kNumber of 
ards guessed 
orre
tly Y � Bin(20; p)H0 : p = 0:25 (pure guessing)H1 : p > 0:25 (ESP ability)Bin(20,0.25) table: y 8 9 10 11P(Y � y) .101 .041 .014 0.004Reje
tion region at 5% signi�
an
e level = fY � 9gexa
t signi�
an
e level = 4.1%Power fun
tion: Pw(p) = P[Y � 9jY � Bin(20; p)℄p 0.27 0.3 0.4 0.5 0.6 0.7Pw(p) 0.064 0.113 0.404 0.748 0.934 0.9954



Warning for \�shing expeditions": the number offalse positives in k tests at level � is Pois (k�)Planning of sample sizegiven � and � for H0: p = p0, H1: p = p1
hoose sample size n su
h thatpn = z�pp0q0+z�pp1q1p1�p0Ex 1: postponed deathsPlanning of sample size for H0: p = 0:50, H1: p = 0:48� = 0:05, � = 0:10 requires n = 5351 observations� = � = 0:05 requires n = 6773 observationsLarger power requires larger sample7.4 Large-sample test for meanPD is not ne
essarily normal, test H0: � = �0Test statisti
 T = �X��0s �Xapproximate null distribution T � N(0,1)Ex 4: radon level in homeSwedish oÆ
ial limit of the radon level in home:year average = 400 disintegrations per se
ond and m3Data: 36 measurements in your home: �X = 450, s = 180PD is non-normal, test H0: � = 400 vs H1: � � 400Observed test statisti
 T = 450�40030 = 1:67one-sided P = 0:048, reje
t H0 at � = 5%5



7.5 One-sample t-testused for small n, PD must be normalH0: � = �0, test statisti
: T = �X��0s �Xexa
t null distribution: T � tn�1Ex 5: measuring fat 
ontentTwo methods of measuring in % the fat 
ontent of meatpairwise di�. for 16 hotdogs: �X = 0:53%, s = 1:06%Test H0: � = 0 against H1: � 6= 0s �X = 0:265, observed test statisti
 T = 2:0one-sided P = P(T < 2jT � t15) = 0:032Two-sided P = 2 � 0:032 = 0:064do not reje
t H0: � = 0 in favor of H1: � 6= 0Choose H1 before seeing the dataCI method of hypotheses testinga

ept H0: � = �0 at 5% level if a 95% CI 
overs �0reje
t H0 at 5% level if a 95% CI does not 
over �0CI is more informative than a test resultwider CI indi
ates less power of the testEx 5: measuring fat 
ontentExa
t 95% CI for the mean di�eren
e � is (�0:03; 1:08)do not reje
t H0: � = 0 in favor of H1: � 6= 0note that approximate 95% CI is (0:01; 1:05)6


