Unit 21
Student’st Distribution in Hypotheses Testing

Objectives:
* To understand the difference between the standardai distribution and the Studentdistributions
» To understand the difference between a hypothesisabout a population proportiarand a hypothesis
test about a population megn

Our introduction to hypothesis testing has focusadly on hypothesis tests about a population
proportionA . Theztest statistic we use in the hypothesis tes\H= Aq vs. H: A # Ag IS

B_/‘o
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n

Let us now investigate whether we can use the samef test statistic in a hypothesis test abqubulation
meany .

As an illustration, suppose the manager at aioemanufacturing plant would like to see if theseany
evidence that the mean amount of cereal per box &0 assembly line is different from 12 oz., whigkhe
advertised amount. He chooses a 0.05 significkavet to perform a hypothesis test. The followargounts
(in ounces) are recorded for a simple random saoflé boxes of cereal selected from the assentiwy |

11.660 11.550 12.045 11.616 11.924 2A».311.616 11.913
12.078 11.836 11.847 11.946 12.232 G8.911.781 11.748

You can verify that the sample meanxis= 11.880 oz., and that the sample standard dewigs = 0.220 oz.
We shall now attempt to perform the four steps bypothesis test.

The first step is to state the null and alterreatiypotheses, and to choose a significance level.
Remember that the null hypothesis is what we asgarbe true unless there is sufficient evidencersg#,
and the alternative hypothesis is the statemerareséooking for evidence to support; also, redat & null
hypothesis is often a statement involving equalitigile the alternative hypothesis is a statemevntliring
inequality. In this hypothesis test, we shall assuhat the mean amount of cereal per box is 18rdess we
find sufficient evidence otherwise; in other wortl®,0z. is our hypothesized value for We complete the first
step of the hypothesis test by writing following:

Hoop=12 vs. Ru#12 @ =0.05).

The second step is to collect data and calcutat@adlue of the test statistic. Recall that ost $tatistic
in a hypothesis test abauis thez-score of?) calculated under the assumption that the hypatedsialue oh
is correct. To use the same sort of test statistechypothesis test about a population meawe would
calculate the-score ofx under the assumption that the hypothesized vdluenas correct. Letting,
represent our hypothesized value|fiqrthis z-score forx is

X—H _ X= f
- g,
AT
Calculating this~-score forx presents a problem because we do not have the obdu We know the value of
X (since we calculated it from our sample), we kribervalue ofy, (since this represents our hypothesized

Z=
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mean), and we know the valuerofsince this is of course the sample size of ota)gdaowever, we do not
know the population standard deviatonand consequently we are not able to obtain theevafo. . When

calculating thez-score of?), we do not have this problem, since the valueé)fdepends only oh andn.

If it were possible for us to have access to tite@eepopulation in order to obtain the population
standard deviatiog, then we could also obtain the population mgaand there would be no reason for us to
be doing a hypothesis test! A very reasonabletoastimate the population standard deviatiaa to use the
sample standard deviatisiwhose value we can easily obtain from our samftles then tempting to simply
replaces by sin thez-score which would be our test statistic, and img®o the denominator of our test
statistic would have /Vn in place of bys/Vn.

For small sample sizes simply usings/ Vn in place ofo = o/Vnin thezscore forx and still

treating this statistic aszascore may not give accurate results. This wasodetrated in a paper published in
1908 by W. S. Gosset. Gosset showed that insteagbociating this test statistic with the standardmal
distribution, the test statistic should be assediatith theStudent's t distribution with— 1 degrees of freedom
(In order to prevent the competitors of Gosset'pleyers from realizing that they could benefit fromore
accurate statistical methods, Gosset's paper waisiped anonymously under the name of "Studentabse
Gosset was studying at the University of Londothattime of his discovery.)

In the hypothesis testoH1 = o vS. Hi: 1L # Wo, our test statistic shall be

;(_,Uo

tho1= ,
S

which we refer to as tastatistic withn — 1 degrees of freedom. Consequently, in ordpetéorm hypothesis
tests aboupt, we must first study thiedistributions. Recall that Table A.2 providesaith information about
the standard normal distribution. We shall nowcbecerned with Table A.3 which provides us with
information about thédistributions.

The figures displaying density curves at the tbpables A.2 and A.3 indicate that some similasitie
exist between the standard normal distributiontaed distributions; specifically, these distributiorre a
symmetric and bell-shaped. The difference betwkerstandard normal distribution and trestributions is
that thet distributions have more variation and a flattdi-bleape than the standard normal distributione Th
figures at the top of Tables A.2 and A.3 look alikdy because they are not drawn to scale. laadstrd
normal density curve and a Studehtiensity curve were to be graphed on the same, dbal&tudent's
density curve would look flatter and more "spreatlo

It is important to keep in mind that Table A.2 gligs information about the one and only standard
normal density curve, but Table A.3 contains infation about several differendistributions. Each different
distribution is identified by something we cdégrees of freedamnwhich we shall abbreviate d6 We refer to
our test statistic in a test about a populationmpeast, _; wheren — 1 is the correspondirdj. It is difficult to
explain in detail the concept df in a general context without venturing beyondrtreghematical scope of this
text.

While we could just think of degrees of freedadf) 6imply as a way of distinguishing between the
different density curves for the varioudistributions, there is an intuitive rule of thumbssible to explain
degrees of freedom. In any situation where assieai procedure is applied to data to obtain sorf@mation
about population parameters, we can identify thalmr of parameters being estimated and the sitteeof
samples(s) in the data. The rule of thumb thaoétpplies is that the relevant degrees of freedaqual to
the total size of the samples(s) minus the numbpa@meters being estimated. Suppose a randopiesam
sizen is to be used in a hypothesis test about a papuolatearny, then the rule of thumb leads us to believe
that the degrees of freedom should be equal ttothesample siza minus the number of parameters being
estimated which is one (i.e., the one and onlympatar isy). This justifies then— 1 degrees of freedom
associated with the test statigtic, defined previously.

Each row of Table A.3 is labeled by a valuedbr The information contained in each row is exatiily
same type of information contained at the bottormaifle A.2. At the bottom of Table A.2, you findlues
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such ay s, Zo.025, aNdzy o05, Where the amount of area above #seore is indicated in the subscript. Each row
of Table A.3 containsscores, where the column heading indicates theiata area above eatfscore under
the correspondingdensity curve, etc. The notation we shall usepoesent théscores in each row of Table
A.3 will be similar to the notation we use to reg@st thez-scores at the bottom of Table A.2. For instajcs,

as we use o1 to represent thescore above which lies 0.01 of the area undestifredard normal density curve,
we shall uses.o; to represent thiescore above which lies 0.01 of the area undedémsity curve for the
Student'd distribution withdf = 5. When designatirtgscores in Table A.3, we include in the subschpt t
degrees of freedom followed by the area abové-tivere, separated by a semicolon.

Pick any column of Table A.3, and look at how tdseores change from the row fdir= 1 down
through the successive rows. You should noticeabdf increase, the corresponditigcores in two successive
rows become closer in value. By the tidie= 30, the correspondirtgscores in two successive rows are so
much alike that Table A.3 jumps frodfi= 30 todf = 40 todf = 60 todf = 120. Thd distributions fordf > 120
are almost identical to the standard normal distitim. Consequently, thescores in the last row of Table A.3,
labeleddf = o (whereew represents infinity), are exactly equal to theuresalat the bottom of Table A2,

Zo 05, €tC.

It should not be surprising that thdistributions become more like a standard norrigfidution asdf
become larger. In the formula for the test statist ; , we are usingto estimatey, and as the sample size
increasess tends to become a more accurate estimate as we should expect to happen. In fact, withpam
sizesn > 120,sis such a good estimator of that it is reasonable to treat the valus a$ if it were the actual
value ofo. In other words, for sample sizes 120, we may treat the test statistic, as if it were the test
statisticz. This is why thd-scores in the last row of Table A & «) are exactly equal to the values at the
bottom of Table A.2.

Now let us return to the second step of our hygsithtest concerning the mean amount of cereal per
box (i.e., H: p =12 vs. H: p# 12). Sincen = 16, therdf=n—-1 =16 — 1 = 15. Earlier, we found that

X =11.880 0z. and= 0.220 oz. in the simple random sampl&ef 16 cereal boxes; since 12 0z. is our
hypothesized mean, we can calculate the valuerdiest statistit,s as follows:

X—H, _11.880-12 _ 5182

R/

The third step of our hypothesis Figure 21-1
test is to define the rejection region,
decide whether or not to reject the null
hypothesis, and obtain tipevalue of the ™
test. Figure 21-1 displays the rejection /
region graphically. The shaded area s
corresponds to values of the test statistic
tis which are unlikely to occur if

Rejection Region for 7, with a = 0.03

™~
N,

Ho: 1= 12 is true. In order that the total

shaded area be equalde= 0.05, the M

shaded area corresponding to positive ,._1_— —_,_._,
values oft;5 is 0.025, and the shaded ares

corresponding to negative values@gfis ~hiso.s hs0.025

0.025. We see then that the rejection -2.131 +2.131

region is defined by thiescore above which 0.025 of the area lies and-Hvere below which 0.025 of the area
lies, whendf = 15. The symmetry of thedistributions of course implies these twecores are negatives of
each other.

From the row corresponding tib= 15 in Table A.3, we find that thescore above which 0.025 of the
area lies id15.0.025= 2.131. We can then define our rejection regilgebraically as

5=+ 2.131 ortis< — 2.131 (let]lsl = 2131) .
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Since our test statistic, calculated in the seated, was found to dg; = —2.182 which is in the rejection
region, our decision is to reject:Hu = 12; in other words, our data provides sufficievidence against
Ho: u = 12.

Figure 21-2 graphically illustrates Figure 21-2
thep-value. Thep-value of this _r
hyprc))thesis testqi; the probability of The p-value for Te?_,t..ﬁs..,tf'tlsuc fs=—2.182
obtaining a test statistic valtig which ™~
represents a larger distance away from tl /
hypothesized mean than the observed ’
t;s=—2.182. In Figure 21-2, the observe
test statistic valugs = —2.182 has been

™
\

located on the horizontal axis along with /
the value + 2.182. The two shaded area 1 e
together correspond to test statistic value e ————
which represent a larger distance away
. =— +
from the hypothesized mean than the his 2182 2182

observed;s = —2.182; in other words, the total shaded area inr€ig1-2 is thg-value of the hypothesis test.

To obtain the shaded area exactly from a table, wddvoeed a table of areas under a Studént's
density curve as detailed as Table A.2 is for thadard normal distribution. However, we can uabl& A.3 to
obtain upper and lower bounds for fw@alue, and such bounds are satisfactory in pmractic the row of Table
A.3 corresponding tdf = 15, we find that the observed test statigtic —2.182 is betweets.p025= 2.131 and
t15.0.00= 2.602. This tells us that the area above-8mre + 2.182 is between 0.01 and 0.025, andréze a
below thet-score — 2.182 is between 0.01 and 0.025. Therefioe total shaded area in Figure 21-2, which is
thep-value, must be between 0.02 = 0.01 + 0.01 and9@H25 + 0.025. We indicate this by writing
0.02 <p-value < 0.05.

Finding that 0.02 -value < 0.05 confirms to us thag I$ rejected witho = 0.05. However, it also
provides the reader of these results with someiaddi information. Remember that the choiceiaf 0.05 is
made by the person(s) performing the hypothesis Tsose who read the results of a hypothesisnagtwish
to know whether or not the conclusion would havenihe same with a different significance levehe T
p-value provides this information. For instancgymuse someone looking at the results of this ptesen
hypothesis test wants to know whether or not thevélld have been rejected with= 0.10 or witha = 0.01.
Knowing that 0.02 -value < 0.05 tells us thatyhvould be rejected witlh = 0.10 but not witlx = 0.01. In
other words, the evidence againgtigisufficiently strong witto = 0.10 ora = 0.05 but not witln = 0.01.

To complete the fourth step of the hypothesis testcan summarize the results of the hypothesisage
follows:

Sincet;s = — 2.182 andis.0.05= 2.131, we have sufficient evidence to rejegt e conclude that the
mean amount of cereal per box is different fronn22(0.02 <p-value < 0.05). The data suggest that
the mean amount of cereal per box is less thayz12

Since we rejected thegHthus concluding that the population mean wasegatl to the hypothesized 12 oz., we
are left with the question of whether the meares$s lthan or greater than the hypothesized 12 azcal
answer this question by noting that the observsidstatistid;s = — 2.182 is in the half of the rejection region

corresponding to negative values@f because the sample mean= 11.880 oz. was less than the
hypothesized 12 oz. ltis for this reason thaivetuded as part of our statement of results aeseetindicating
that the mean amount of cereal per box appears kesks than 12 oz. Consequently, an adjustmemicapo
be necessary in the assembly line from which thedof cereal come.

It is often useful to include a graphical displaigh the results of a hypothesis test. Figure 243
stem-and-leaf display for the amounts of cereadneed for the sample of 16 boxes used in the hygsidhest
just completed. From this stem-and-leaf displag,0an easily find the five-number summary: 11.930704,
11.880, 12.0065, 12.320. This five-number summaayg used to construct the box plot displayed asr€ig
21-4.
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While Tables A.2 and A.3 provide us with detailefibrmation about the standard normal distribution
and thet distributions, this information is also often dahile from computer software such as spreadshedts a
statistical packages, and also from some calc@atach as programmable calculators. However, vthen
necessary to consult Table A.3, the desited not always available. For instantgg osandtse..osare not
directly available from Table A.3, but this reagligesents no problem. Thiéin the table closest @f = 45 is
df = 40; sincéyo.0.05= 1.684 andgp.0.05= 1.671 are close in value, we may simply choosatas.o.05= t40:0.05=
1.684. Sincaf =50 is exactly in betweedf = 40 anddf = 60, we can approximatg., osas the average of
t40;0_05andt60;0_05; that IS, we can 5@0;0_05: (t4o;o_o5+ tso;o_of) /2= (1684 + 1671) [2=1.6775.

The use of the test statistjc ; in a hypothesis .
test abouft is based on the assumption that the data is Flgure 21-3

simple random sample selected from a populatiombgav Ounces of Cereal per Box
a normal distribution. When the population fromieth

the simple random sample is selected does notdave 11.5 |50

normal distribution, the test statistjc ; will still be 11.6 |60,16,16

appropriate if the sample sinds sufficiently large. We 117 |81 48

have previously seen how we can easily verify that ' ?

use of the test statistiis appropriate in a test about 11.8 | 36,47

but it is not as easy to verify that the use oftdst 11.9 |24.13. 46. 68

statistict,_ 1 is appropriate in a test abqut o
One of the best ways to decide whether or not 120 145,78

the population from which a simple random sample is 12.1

selected has a normal distribution is to use the 122 |32

Shapiro-Wilk test We will not discuss the Shapiro-Wilk '

test in detail here, since it is somewhat comphek a 123 |20

generally requires the use of a statistical softwar
package on a computer. We shall instead justresiythie Shapiro-Wilk test is based on what is dadleormal
probability plot A normal probability plot is a scatter plot comsted by labeling one axis with the
observations from a simple random sample and ladpélie other axis with thescores corresponding to the
percentile ranks of the observations in the samiflthe points lie sufficiently close to a straidime, then we
conclude that the simple random sample came fraormal distribution, in which case we can feel oderft
that the use of the test statigtic, is appropriate; otherwise, we conclude that tmepda was selected from a
non-normal distribution. Generally, it is not easyconstruct a normal probability plot without aess to
computer software or a graphing calculator.

Figure 21-4
Ounces of Cereal per Box

I I I I I ! I
11.4 11.6 11.8 12.0 12.2 12.4

Ounces

If one cannot easily perform the Shapiro-Wilk @stoes not have easy access to a normal prdigabili
plot, a box plot or histogram can perhaps give soree information about whether or not there appeds
any skewness or outliers. Of course, examinati@rmrmal probability plot or the results of theapiro-Wilk
test are always preferable. If we should find thatpopulation from which our sample comes dog¢haee a
normal distribution, thé, _ ; statistic may still be appropriate with a suffitly large sample size. In cases
where we do not think the sample size is suffidyelairge, or where we think the non-normality ofth
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distribution is too great, there are alternativat gatistics available in place of the; statistic. These
alternative test statistics are often availabldsthtistical software and on certain calculatangl we will not
take the time to discuss these in detail here.

The points in a normal probability plot of the aldisplayed in Figure 21-3 will all lie relativetjose to
a straight line, which you can verify if you weredonstruct this normal probability plot. This gegts that the
use of the test statistig_; seems appropriate. Without access to this nopnaddability plot, one could look at
the box plot displayed as Figure 21-4. Since thegeno outliers and there appears to be onhghtdkewness
in the data, one might think that it is not unresdme to assume that the sample gizel6 is sufficiently large
for the test statistitys to be appropriate.

We have now discussed th&est about a population proportidrand thet, _ ; test about a population
meanp. One assumption on which each of these two hygsighests is based is that a simple random sample
has been selected. Back when we discussed tteedbgpampling, we observed how a true simple random
sample may often not be available in practice. e\ww, there are situations in which we may readgredat a
sample which is not truly a simple random sampli iasvere a simple random sample. When condggcéiny
hypothesis test, it is important to assess hove#mepling procedure used may affect the resultseofdst.

As we study many different types of hypothesisstese shall find that even though the purposerukhi
various hypothesis tests may differ, the genemdguiure can always be summarized in terms of tiesteps
we have been using. The primary difference idekestatistic which is used and the distributiananich the
rejection region is based.

Self-Test Problem 21-1.For many years, the mean gas mileage on a lgngés known to be 26.5 miles pel
gallon for a certain type of automobile. When wiyedesigned engine is incorporated into the autoifepa
0.05 significance level is chosen for a hypothtessto see if there is any evidence that the gaarmileage
with the new design is different from 26.5 miles gallon. Each automobile in a simple random sanopl
those with the new design is driven 100 miles &edfollowing gas mileages are recorded:

26.2 26.5 27.2 27.3 27.1 27.6 25.9 27.3.26.

(&) Complete the four steps of the hypothiesisby completing the table titlétlpothesis Test for
Self-Test Problem 21-1

(b) Why would a box plot be an appropriatepieal display for the data used in this hypothe=ss?

(c) Construct the box plot, and comment ontiwiethere is any reason to think trstatistic is not
appropriate.

(d) Considering the results of the hypothesis, decide which of the Type | or Type Il errsrpossible,
and describe this error.

(e) Decide whethergdtvould have been rejected or would not have bgeotesl with each of the following
significance levels: (ix = 0.01, (ij)a = 0.10.

Self-Test Problem 21-2.A manufacturer of light bulbs claims that the mé#etime of the bulbs is 500 hours
A consumer group chooses a 0.10 significance fevel hypothesis test to see if there is any ewadehat the
mean lifetime is different from 500 hours. In mple random sample of 40 light bulbs, the meatitife is
483.75 hours and the standard deviation is 26.88sho
(a) Complete the four steps of the hypothiesisby completing the table titlétlpothesis Test for
Self-Test Problem 21-2
(b) If the data were available, decide whitthe following would be best as a graphical diggtar the
data and say why: (i) bar or pie chart, (ii) sagplet, (iii) box plot.
(c) Considering the results of the hypothesss, decide which of the Type | or Type Il errsrpossible,
and describe this error.
(d) Decide whetherHwvould have been rejected or would not have bgeotesl with each of the following
significance levels: (ix = 0.01, (ii))a = 0.05.
(e) What would the presence of one or moréesstin the data suggest about usingtthtatistic?
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Step 4

Hypothesis Test for Self Test Problem 21-1

H,:

Step 4

H,:

Hypothesis Test for Self Test Problem 21-2

H,:
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Self-Test Problem 21-3.Figure 21-5 is the same . _
stem-and-leaf display as Figure 5-1. The datdrane Flgure 21-3
Self-Test Problem 5-2 where the breaking strenggounds | Stem-and-Leaf Display for
is recorded for several pieces of a type of rdpied the .
five-number summary for the data, determine whethearot Rope Breakmg Strengths
there are any potential outliers, and give a reagonthe 6102
test statistid,, _; might not be considered appropriate for a 715
hypothesis test. (Optional: Construct a normabglility
plot.) 3|4
9368
1022568
1110347
12148
Answers to Self-Test Problems
21-1  (a) Step 1 Hy: p=26.5, H: p#26.5,0 =0.05
Step2 n=9,Xx =26.9 mpg s=0.5916 mpg , ands = + 2.028
Step 3 The rejection i$g = + 2.306 ortg < — 2.306 (which can be written &g+ 2.306).
Hy is not rejected; 0.05 g=value < 0.10.

Step 4 Sincetg = + 2.028 ands. 0,5= 2.306, we do not have sufficient evidence teaeH, .
We conclude that the mean gas mileage with ¢éhvedesign is not different from 26.5
miles per gallon (0.05 g=value < 0.10).

(b) Since gas mileage is a quantitative variadlegx plot is an appropriate graphical display.
(c) The five-number summary is 25.9, 26.35, 22714, 27.6, and Figure 21-6 is the box plot.

Since there are no potential outliers, and thedbot does not look extremely skewed, there is

no reason to think that thetatistic is not appropriate.

(d) Since His not rejected, a Type Il error is possible, vahig concluding that = 26.5 when

reallyp # 26.5.

(e) H would not have been rejected with= 0.01 but would have been rejected vaitk 0.10.
21-2 (a) Step 1 Hy: p=500, H: u# 500 ,a =0.10
Step 2 n=40,Xx =483.75 hourss = 26.35 hours , andky = — 3.900
Step 3 The rejection i$3= + 1.684 otz < — 1.684 (which can be written &g|[= 1.684).
Hy is rejectedp-value < 0.001.

Step 4 Sincetzy = — 3.900 andkg.005= 1.684, we have sufficient evidence to rejegt Mve
conclude that the mean lifetime is differennfir600 hoursif-value < 0.001). The data
suggest that the mean lifetime is less thanhisQOs.

(b) Since light bulb lifetime is a quantitativeriable, a box plot is an appropriate graphical ldigp

(c) Since His rejected, a Type | error is possible, whichdacluding thaft # 26.5 when

reallyp = 26.5.

(d) H, would have been rejected with bath= 0.01 andx = 0.05.

(e) The presence of one or more outliers wouggjest that théstatistic may not be appropriate.
21-3 The five-number summary is 60, 93, 103.5, 113; 1Q8 = 113 — 93 = 20 and each of 60 and 62 is a

potential outlier. Since there are potential @udli(and the points on a normal probability plohdo

appear to lie close to a straight line), the testistict,_; may not be appropriate.
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Figure 21-6
Recorded Gas Mileages

I | | I | I
255 26.0 26.5 27.0 27.5 28.0

Miles per Gallon

Summary
The test statistic in a hypothesis test aldoistthez-score of p calculated under the assumption that the
hypothesized value @f is correct, that is, the test statistic is

Z=I_3_/Io: B_/Io

0-5 AO 1_/10
V n

wherel, represents the hypothesized valueXorlin order to use the same sort of test statfistichypothesis
test about a population mepnwe must know the population standard deviatignvheno is not known,
which is generally the case, the test statiste nypothesis test a population meais

t_ = ;(_,uo ,
S

wherep, represents the hypothesized valugforWe refer to this test statistic as statistic withdf =n— 1,
wheredf is degrees of freedomThe rule of thumb that often applies is thatrlevant degrees of freedom is
equal to the total size of the samples(s) minusithmber of parameters being estimated.

In hypothesis test about the mean, the test titatjs ; must be compared to titudent's t distribution
with n— 1degrees of freedamSome similarities exist between the standardhabdistribution and the
distributions in that these distributions are gthenetric and bell-shaped; the differences arettiet
distributions have more variation and a flattet-sabpe than the standard normal distributiora dfandard
normal density curve and a Studehtiensity curve were to be graphed on the same, dbal&tudent's
density curve would look flatter and more "spreatlo

In the formula for the test statistic ;, 0 is estimated bg. As the sample siaeincreasess tends to
become a more accurate estimate ofWith sample sizeis > 120,sis such a good estimator of that it is
reasonable to treat the valuesdfs if it were the actual value of Consequently, we can treat a Studdnt's
distribution withdf > 120 as if it were a standard normal distribution

The steps in a hypothesis test about a populatigportionh and a hypothesis test about a population
meanp are the same except for the different test siegishat are used. In virtually all hypothesigggthe
same basic steps are performed with differingdtegistics and differing purposes behind varioysotiyesis
tests.

One of the best ways to decide whether or noptipailation from which a simple random sample is
selected has a normal distribution is to useSthapireWilk testwhich is based on what is calleth@mal
probability plot A normal probability plot is a scatter plot comsted by labeling one axis with the
observations from a simple random sample and ladpétie other axis with thescores corresponding to the
percentile ranks of the observations from the samfflthe points do not lie sufficiently closedctraight line,
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then Shapiro-Wilk test will conclude that the saenpias selected from a non-normal distribution. Gunght
look at a box plot or histogram of the sample ®i§¢here is any indication of skewness or if thare any
outliers, but the Shapiro-Wilk test and/or examorabf a normal probability plot is preferable.

If we should find that the population from whicbresample comes does not have a normal distribution
thet, _, statistic may still be appropriate with a suffitlg large sample size In cases where we do not think
the sample size is sufficiently large, or wheretlnek the non-normality of the distribution is tgeeat, there
are alternative test statistics available in plafcinet, _ ; statistic.

Theztest about a population proportidrand thet test are both based on the assumption that aesimpl
random sample has been selected. While a trudesiaapdom sample may often not be available intjoac
there are situations in which we may reasonabht tiesample which is not a simple random sampieitasere
a simple random sample. When conducting any hygsidhest, it is important to assess how the saigpli
procedure used may affect the results of the test.
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