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Abstract: Students are very interested in lecture exampled @ass exercises
involving data connected to the maiden voyage &edsinking of the liner Titanic.
Information on the passengers and their fate camdeel to explore relationships
between various tests for differences in surviaes between different groups of
passengers. Among the concepts examined are testlifferences of proportions
using a normal distribution, a chi-square testifidlependence, a test for the equality
of two logits and a test for the significance oé ttoefficient of a binary variable in
logit model. The relationship between Wald and Ledttstatistics is also examined.
Two related examples are given, one to be usestéprby step instructional purposes

and one to be given as an exercise to students.

Key words: Contingency table, Difference in propmrs, Logit model, Statistical
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On April 10, 1912, the newly completed White Staet Titanic departed from
Southampton on her maiden voyage to New York. &tttme she was the largest and
most luxurious ship ever built with state-of-thé-aquipment and design features that
supposedly rendered her unsinkable. At 11:40 PMApril 14, 1912, she struck an
iceberg about 400 miles off Newfoundland, Canaddittke less than three hours later,

the Titanic plunged to the bottom of the sea, gkilmost 1500 people with her.

Information on the characteristics of survivors ammh-survivors provides an
interesting data set that is convenient for teaghind illustrating a number of statistical
concepts.Most students have seen the most recent Hollywooderabout the Titanic
and their attention can be readily engaged once déne told the origin of the data. It
holds a certain fascination for them, which we @xploit? Also, again thanks to

Hollywood, they can readily grasp the hypotheseswildest.

In this paper we use a Titanic passenger datatcseest two interesting
hypotheses. For the first hypothesis we test whetthe survival rate for adult male
passengers who were in first class was differemhfthat of other adult male passengers.
This issue (the extent to which the ability to tedhe lifeboats and thus survive was
related to a passenger’s socio-economic statuslass’) formed a sub-text to the story
line in the most recent Hollywood version of eveht$o introduce our second
hypothesis, we note that some (7%) of the adulesmalho were traveling in first class
cabins were in fact servants in the employ of ofhist class passengers. If a test of our
first hypothesis suggests that there may have Beare ‘discrimination’ between first
class and other males in terms of access to litsbetc, it is of interest to test whether
this ‘discrimination’ also existed between the ‘esppand ‘lower classes who were

traveling in first class cabins. Thus, for our setdypothesis we ask whether the



survival rate for adult male servants travelingfirst class was different from that for
other adult male first class passengers. Whilegthestion of differences in survival rates
between first class passengers and others is astanging and well-known issue in
relation to events on the Titanic, our second hypsit raises matters not previously
considered in the literature surrounding the sigki&tudents then can get the feel that

they are doing something ‘new’.

The same methodology is used to test both hypeshésit it is useful to have two
related examples; one can be used for classroosemaion and discussion and the
other for homework. Also, as we will see, one exi@mpvolves rejection of a null
hypothesis, while, in the other example, the nyfidthesis is not rejected. (In our view it
is important that students obtain experience withliypes of outcomes.) Although the
hypotheses are relatively simple, involving onlydry variables, they can be used to
illustrate a large range of statistical concepte Wéscribe four ways of testing each
hypothesis:

1. Atest of the equality of two proportions usingamal distribution.

2. A chi-square test for independence.

3. Atest for the equality of two logits.

4. A test for the significance of the coefficient obi@ary variable in a logit model.
Describing all four of these tests and the relatops between them improves student
understanding of several important concepts anflesnivhat might seem to be four
separate and distinct ways of looking at the sanoblepm. We show how testing the
equality of two proportions can be performed asezita Wald test or a Lagrange
multiplier (score) test. The chi-square test fateépendence is shown to be identical to

the Lagrange multiplier version of the test. Faititeg the equality of two logits, we show



how to compute the approximate standard error mwbrdinear function of an estimator.
This test can also be performed as a Wald testageange multiplier test. We show that
a convenient way of computing the test value fer\tfiald version of the test is to test the
significance of the coefficient of a binary varialih a logit model. The fact that different
tests for the same problem can lead to differehiegof test statistics, and potentially
different rejection-acceptance decisions, bothemsesstudents. Showing how the same
hypothesis can be tested in a number of differexytsaenhances students’ understanding

of statistics and helps them grasp the implicatmirsccepting or rejecting a hypothesis.

In the next section the data for testing the atyuaf the survival rate for adult
male passengers traveling in first class with tloatother adult male passengers are
presented. Subsequent sections are used to desatheof the tests and related material.
The results for the hypothesis on survival ratesservants versus other adult male

passengers traveling in first class are presentedinal section.

TITANIC SURVIVAL DATA FOR ADULT MALE PASSENGERS

The numbers of adult male passengers on the Gjtaategorized according to

class of travel and whether they survived or nppear in Table 1.
[TABLE 1 NEAR HERE]

The survival rate is defined as the probabilityt taarandomly selected person
survived the event. For our purposes it is convénte assume that the above data
represent a random sample from a larger populatibmen, if we are considering the

survival rate for all adult males, an estimatehis probability is

p=131/793= 0.165.



We are interested in comparing the survival rateaftult males traveling first class with
that for adult males traveling in the other classébese rates are conditional
probabilities. An estimate of the probability thet adult male survived given that he

travelled first class isp. =58/176= 0.329} the corresponding probability for adult
males traveling in other classes @& =73/617= 0.118. We consider alternative

procedures for testing the null hypothebis: p. = p, against the alternative hypothesis
H,: p: # p,. Or, in other words, we ask whether the differehebveen p. =0.329¢

and p,=0.118Z could be attributable to chance or whether it rnslidative of

‘discrimination’.
TESTING THE EQUALITY OF TWO PROPORTIONS
Our first test for differences in survival ratesd direct test of the hypothesis
H,: p: = p, against the alternativel, : p. # p,. Later tests will be more indirect. For
the first test we use the approximate results

. 1- . 1-
IOF~,\{IOF,|C>F(n pp)} p°~N[pO’pO(no po)}

F

where n. =176 and n, =617 are the numbers in first and other classes respéct

Assuming the data on first and other classes camelaged as independent samples, the
difference between the two sample proportions hasfollowing approximate normal

distribution

Ay _ pF(l_pF) po(l_po)
(P = o) N{(pp po),[ i H



The corresponding standardized normal random Matiadbtained by subtracting the
mean and dividing by the standard deviation, is
(ﬁF_ﬁO)_(pF_pO) ""N[O,]]

Pe (1_ pF)+ po(l_ po)
Ne No

Two more steps are necessary to con¥ertto a test statistic. First, we assume the null

hypothesis is true and hence §pt — p,) =0. Second, we need to estimate the standard
deviation of (p- — p,) that appears in the denominator of There are two possible
estimates of this standard deviation. For the firs¢ p. and p, are replaced by their
estimatesp. and p,. In this case we are estimating the standard tewiaf (p. — p,)
assuming the alternative hypothesis: p. # p, is true. The resulting test is called a

Wald test. For the second possible estimate of sfamdard deviation we assume

Pe = Po; in this case no difference between the first clasd other passengers is
assumed and so the survival rate for all adult sngbe= 0.1652) is used to estimate both
p: and p,. The resulting test is called a Lagrange multiptie LM test® Denoting the

two test statistics by, andZ,,, , their formulas and test values for our hypothasés

- Pe — P _ 02112 _
\/f)F @a- ﬁF)_'_ f)o(l_ E’o) 0.03774
N N,
z., = Pe — Do _ 02112 _ . o,




The different treatments of the standard devidead to different test statistic values, but
both lead to rejection of the null hypotheSisising a 5% significance level, the two-

tailed critical values arec1.96. Since Z,, >1.96 and Z,, >1.96, both tests lead us to
conclude that the probability of adult male firtdss passengers surviving is different
from that for other adult male passengers.

The Wald and Lagrange multiplier tests are oftepressed as chi-squaf?)
tests. Because the square oNg0,1) random variable is &> random variable with 1

degree of freedom, thg* formulations of the above tests are equivalerns it lead to

identical results. Specifically,
X5 =22 =(5.597f = 31.32 3.8
X2y =275, =(6.656f = 44.3> 3.8

where 3.84= ¢ 1.96 is the two-sided 5% critical value for ¥t distribution with 1

degree of freedom. Comparing the square of thevidae with the square of the critical

value necessarily leads to the same outcbme.

TESTING THE INDEPENDENCE OF SURVIVAL RATE AND CLASS

Another way of testing whether the survival rate first-class adult male
passengers is different from that for other adulampassengers is to use a chi-square
contingency table test to test for the independeicirvival rate and class of travel. It
can be shown that this test is identical to theraage multiplier version of the test
described in the previous section. To set up thievte begin with the null and alternative

hypotheses



H, : survival rate and class of travel are independent

H, : survival rate and class of travel are not independ

The test statistic is given by

2 _ (fo_fe)2
X =2

e

where f, denotes the observed frequencies in each of tivecidegories (died first class,
died other classes, survived first class, survivit@r classes) in Table 1, arfd denotes

the expected frequencies under the null hypoth#wss survival rate and class are

independent. The summation is taken over the fategories.

The expected frequency for a given category igmiby its row total multiplied
by its column total, divided by the overall totBbr example, the expected frequency for

those adult males who survived and traveled in ¢less is

_ row totalx column total 13% 176

f =29.074
grand total 793

e

The above formula can be motivated in the followivey. First, note that the probability
of a randomly selected adult male survivings=131/79Z and the probability that a
randomly selected male is traveling in first clas476/79¢%. If surviving and traveling

first class are independent eventd,( is true), then the probability of a randomly

selected adult male being in first class annlviving is equal to the product of these

probabilities

E‘x@: 0.03666¢

793 793
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Thus, 0.036664 is the expected proportafnadult males in the survived, first class

category. The expected number

fo =0.036664 798 29.0%

Note that this calculation is equivalent to thategi by the original formula.
Similar calculations can be made for the other gmies. The expected frequencies

appear in parentheses in Table 2.
[TABLE 2 NEAR HERE]
The value of the chi-square statistic is

» (58— 29.0743+ (73 101.926)+ (118 146.92@) (544 515'67—4)1 431
29.074 101.926 146.926 515.074 '

Note that this value is identical to tix§,, value found in the previous section. Although

it is not obvious by looking at the two formulais¢can be shown that the test statistics are
algebraically equivalent. We also have the samebeurof degrees of freedom, namely
1. In the general case the degrees of freedomual éq the number of rows less one

multiplied by the number of columns less one. Im case,(2-1)x (2—1)= 1. The 5%

critical value is 3.84 and, as before, the nulldthesis is rejected very strongly.

TESTING THE EQUALITY OF TWO LOGITS

The logit ¢ of a probability p refers to the transformation

ol
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where In(.) denotes natural logarithm and the ratil— p) is called the odds favor of
an event. Suppose we are interested in the surgivalfirst class adult male. We saw
earlier that an estimate of this probability fis =58/176= 0.329. The corresponding

odds is

Pe /(1- p-)=0.3295/0.67050.4915

We interpret this value as the probability of suinvg relative to the probability of not
surviving. An adult male first-class passengeipigraximately half as likely to survive as
to die. Or, expressed in terms of the inverse, suglassenger is twice as likely to die
than to live. The logit of this value TleéF =In(0.4915)= - 0.710. Note the bounds of the
three different measures. A probability lies between 0 and 1, the odgd(1- p) lies
between 0 ando and the logit/ lies between—o and +c. This characteristic of the
logit makes it convenient for further modellingtiesmted probabilities derived from it
must lie between 0 and 1, as required. An everit avprobability of 0.5 has an odds of 1
and a logit of 0. The probabilities of survival ataresponding odds and logits for first

class and other adult males are given in Table 3.
[TABLE 3 NEAR HERE]

Suppose, now, that we return to our original nyipdthesisH,: p- = p,, but
instead of expressing it in terms of probabilitiese express it in terms of the
corresponding logitsH,: /. =/, where/. =In[p./(1-p:)] and /, =In[p,/(1-p,)].
Clearly, the two hypotheses are equivalent, butabse the logit transformation is a

nonlinear one, tests based on estimated logits bealldifferent from those already

described.
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The first step towards deriving a test is to fimdexpression for the variance of an
estimated logit, such a& =In[p: /@- p:)] . For linear functions of random variables of
the form Y =¢ +c,X, it is taught in first statistics courses thaar(Y)=c> var(X ). A

generalization of this result that is approximatédye for nonlinear functions, say

Y =g(X),is

var(Y)= [g—ij var(X )

Textbooks often refer to this formula as the detfiathod. Applying it to the logit

transformation (for first-class passengers) yields

var(l. ):(aln[pp [ ppn] var(p, )

0pe
:( 1 jzx p- (1~ p)
Pe (1_ pF) ne
-1
nepe(1-p;)

Carrying out a similar derivation for the other g@sgers, and assuming independence
between?F and ?O, the difference between these two estimated logiishave the

following approximate normal distribution

~ ~ L -
(L =1g)~ N|:(£F _KO)’[nF P (1- pF)+ No Po (1~ po)]}

Proceeding like we did when testing the equalityvad proportions, we can set up two
test statistics, the Wald statis@, that uses estimates. and p, to obtain an estimated

standard deviation for the denominator of the $tatistic, and the Lagrange multiplier
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statistic Z,, that usesp to estimate the probabilities in the standard atémi. The

formulas for these statistics and the values thelg yor our hypothesis are

70 = (e —1g _1.2982_ oo,
\/ 1 .\ 1 0.2031
Ne bF (1_ E)F) noFA)o (1_ bo)
Ziv = e bo _1.2982_o oo
\/ 1, 1 0.2301
n-p-p) n,p-p)

These values are similar, but not identical to ¢hoalculated for the null hypothesis

H,: p: = Py - Since they are both greater than the 5% critiedile of 1.96, they again

lead us to conclude that the survival rates fat fitass and other adult male passengers

are different.

TESTING THE SIGNIFICANCE OF THE COEFFICIENT OF A BINARY

VARIABLEINA LOGIT MODEL

In this section we show that the test valdg =6.392 can be conveniently

calculated as the ratio of an estimated coeffictenits standard error in a logit model

estimated from individual record data. To estaliigh relationship we begin by defining

B:fp—fo:m[ Pe j_m( Po ]zln(pF/(l_pF)]
1- Pe 1- Po Po /(1_ po)

Pe /(1_ pF)
Po /(1_ po)

The quantity is called the odds ratidt describes the odds of survival for

first class adult male passengers relative to tiosgher classes. If the odds of survival

are the same for both classes, it will be equdl.ttn our example the estimated odds
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ratio is 0.4915/0.1342 3.6€; the odds of surviving are approximately 3.7 times
greater for adult males traveling first class tf@amthose traveling in other classes. Since

the difference between the two logits -/ is equal to the log of the odds ratio, we can
test whether the estimated odds ratio is signiflgadifferent from one by testing

Whetherﬁ :?F —?O is significantly different from zero. In the preus section we found

that =1.2982 (notice the numerator in the calculations fay and Z/,,). This same

estimate can be computed as a coefficient in amatgd logit model.

Let 2, =In[p./(1-p)] be the logit for thei-th adult male passenger, with

being the probability that the-th adult male passenger survived. Since we had 79

adult male passengers, we hawel, 2,...,79. Some of these passengers (176 of them)

traveled first class, the others (the remaining)@da&eled in other classes. A logit model

relating the probability of survival to class cdiel can be written as
(= +BX,

where X; is a dummy (binary) variable that denotes classasfel. It is equal to 1 when

the i-th observation is a first-class passenger and 6nwihe i -th observation is a

traveler from another class. The parameteris equal to the logit for “other-class

passengers. That is; =/, . To prove that the above model is equivalent to earlier

formulation, note that substituting =/, andf =/_ -/, into above equation yields
U=l +(Le =L)X

When X, =1, we havel, = /. and whenX, =0, we havel, =/,. Thus, by estimating
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the logit model/;, =a +BX, we find

1. An estimate of the intercept parameter is an estimate of the log-odds of
survival for the other-class adult males.

2. An estimate of the coefficierfp is an estimate of the log of the odds ratio for

survival of first-class adult males relative to@ttlass adult males.

3. An estimate of the sumx +f3 is an estimate of the log-odds of survival fostfir
class adult males.

4. TestingH, . =/, is equivalent to testingd, :f=0.
To estimate the logit model we use observatiphsX,), i =1,2,..., 79 for each
of the adult male passengers. The variablés a binary variable equal to 1 if theth

passenger survived and O if tiheth passenger did not survives, is 1 for first-class

passengers and 0 otherwise. The data set can I @asted using the information
given in the contingency table (Table 1). The tatamber of observations on each
variable is 793. Th& variable will consist of 131 ones followed by 68@ros. TheX
variable will consist of 58 ones and 73 zeros @gponding to the 131 values where
Y =1) followed by 118 ones and 544 zeros (correspondinghe 662 values where

Y =0).

The maximum likelihood estimates af and 3 and related information obtained

using the software EViews are given in Tabfe 4.
[TABLE 4 NEAR HERE]

Note that the estimates for and[3 agree with the estimates that we obtained
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earlier using estimated proportions. Specifically,

A

& =10, =-2.008 B=!.-1,=-0.710- ¢ 2.008F 1.29
and

& +B=-2.008+ 1.298 - 0.716 7,

Furthermore, the standard error fﬁr, 0.203, is identical to the estimated standard

deviation in the denominator of the Wald statigjc Given that the numerator in this
statistic is equal tcﬁs =1.29¢, it follows that theZ-value in the above table is equalg
and the test for significance 6f from the logit model is equivalent to the Waldt tesed

earlier to test whether the difference between tthe logits %F —%O is significantly

different from zerd?

Finally, we note that all of the tests we have pearied lead us to conclude that
the survival rate for male passengers travelindirst class was different from the

survival rate for males traveling in other classeghe Titanic.

A SECOND EXAMPLE AND A NEW HYPOTHESIS CONCERNING SURVIVAL

RATESON THE TITANIC

Working through our first example students will baseen that the survival rate
for males traveling in first class cabins was digantly higher than the survival rate for
males who were not traveling first class. Now, antioned in the introduction, some
(7%) of the adult males who were traveling in fickhss cabins were in fact servants
(they are described in the Titanic’s passengeralisa ‘servant’, ‘butler’, ‘valet’, ‘clerk’

or ‘secretary’) in the employ of other first clgsassengers. Given this information, an
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obvious follow-up to the first example is to invgste whether the servants in first class,
like the ‘lower-class’ passengers traveling secondhird class, had a different (and
lower) survival rate than the adult males in fickiss who were not servants. Indeed,
computing survival rates from the raw data it is tase that the survival rate for servants
in first class cabins was 2/12 = 0.167 while thevisal rate for other males traveling in
first class cabins was 56/164 = 0.342. At firghsithis is an important difference,
consistent with there having been discriminatiohordy between passengers traveling in
different classes of cabin but also between soctmemic groups within the group of
passengers traveling in first class cabins. Thiemt@l discrimination is the motivation
for our second example where we restrict our atiarib adult males who were traveling
in first class cabins, and ask whether the surviatd for servants traveling in first class
is sufficiently different from that for other aduftale first class passengers to reject the

null that the difference may have arisen simply ttughance’.

There are a number of ways an instructor couldceged with this example.
Students could be given the data on the numbeesich of the four categories (servant
and non-servant, survived and did not survive) asked to work through some or all of
the tests that we describe, namely, testing thkerdiice between two proportions, the
chi-square test for independence, and testing ftifierehce between two logits.
Alternatively, they could be given the individuakord data and asked to estimate a logit
model, interpret the estimates and then test féferénces in survival rates. If this
strategy is adopted, a thorough understanding ef ritaterial delivered in the first
example could be assessed by asking students tthessstimated logit coefficients to
find the odds ratio, the odds in favor of survif@ both categories, and estimates of the

probability of survival for servants and non-setgarThat is the approach we follow
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here. For instructors keen to use the data forestisdto work through some or all of the
other tests that we described in previous sectiampresent the relevant information in

an appendix to this paper.

There were 176 adult males traveling in first slasbins. Of these 12 were
servants. The individual record data can be armngawo columns. The first column

(Y) is scored 1 if the passenger survived and 0 didenot. The second colum{X) is

scored O if the passenger was a servant who was first class cabin and 1 if the
passenger was traveling first class but was neteast. As mentioned, the total number
of observations on each variable is 176. Yheariable will consist of 58 ones followed
by 118 zeros. Th¥ variable will consist of 56 ones and 2 zeros @gponding to the 58
values whereY =1) followed by 108 ones and 10 zeros (correspontbripe 118 values

whereY =0).
Estimating the logit model for this data yields theults reported in Table 5.
[TABLE 5 NEAR HERE]

Students should be able to explain in words whatto regression coefficients
separately and together tell them about the oddsimival for the two types of first-class
male passengers (those who were employed as sereawt those who were not
servants). Specifically, students should report tiva constant (-1.6094) is an estimate of
the log of the odds of survival for the servantd drat the slope coefficient (0.9527) is an
estimate of the logarithm of the ratio of the odéisurvival for the two groups of (male)
passengers traveling in first class cabins. Theyulshalso report that the sum of the
slope and constant (-0.6568) yields an estimathefog of the odds of survival for the

first class male passengers who were not servafise anti-logarithms of these figures
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are 0.2000, 2.5926 and 0.5185 respectively. Timesits should then be asked to explain
in words what each of the numbers represents (iestimate of) in relation to this

specific example. Applying the rules set outieafor the interpretation of logit results

they should report that the estimate of the oddsuofival for the servants is 0.200, the
estimate of the ratio of the odds of survival fanrservants relative to servants for
(male) passengers traveling in first class calsn®.593 and the estimate of the odds of
survival for the first class male passengers whoewet servants is 0.519. Students

could also be asked to go one step further andveeabe underlying probabilities of

survival once they have computed the odds. Sineedifs = [p/(l— p)] it follows that

p= [odds/(1+ odds)]. Applying this rule, students should report ttieir estimate of

the probability of survival for the servants is®71and their estimate of the probability of
survival for the first class male passengers wheewet servants is 0.341.

Once the task involving estimation and/or intergtien has been completed,
students should be asked to use the output frorotfitemodel to test the null hypothesis
that the odds of survival are, in truth, the samgardless of whether the passenger
traveling in first class was a servant or not aaet. They should also be asked to state in

words what conclusions they draw from the test ltesuwe form a 95% confidence

interval around the estimate pf (b), that is, we computbtl.%(so), we find that the

interval is (-0.559, 2.505), a range which includeso; thus, we cannot reject the null
that the odds are the same for the two groups laaidthe apparent difference is arising
due to chanc& In other words, despite the fact that the odde is 0.5185/0.2= 2.59
(the odds of surviving for non-servants is 2.6 sngeeater than that for servants), we are

unable to show statistically that this ratio isrsfigantly greater than 1. It is more
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difficult to establish statistical significance wheample size is small - and the number of
servants was relatively small. (We know in thisectsat the small sample size is creating
a problem for us for the following reason: If, isatl of asking whether the survival rate
for servants traveling in first class is differdram that for other adult male first class
passengers, we were to ask whether the survivafeatservants traveling in first class is
different from that for male passengers travelingsecond and third classes (taken
together):* we would accept the null that there was no difieee So we would be in a
position where we would accept that first classspagers had a higher survival rate than
second and third class passengers (taken togethénve would accept that the survival
rate for servants traveling first class was noedéht from that for other males traveling
first class, while at the same time accepting tak that the survival rate for servants
traveling first class was no different from that foales traveling second or third class
(taken together). These outcomes illustrate thi¥ import of a small sample size — the
results do not lead us to support one hypothesenother, but imply we can draw no

firm conclusions on the basis of statistical tgsts.

SUMMARY

In this paper we used a Titanic passenger date gest two interesting hypotheses: (i)
whether the survival rate for adult male passengds were in first class was different
from that of other adult male passengers, andwhigther the survival rate for adult male
servants traveling in first class was differentnfréhat for other adult male first class
passengers. Testing these hypotheses allowed esamine a number of statistical
concepts including tests for differences of propog using a normal distribution, a chi-

square test for independence, a test for the eguaflitwo logits and a test for the
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significance of the coefficient of a binary variabin logit model. The relationship
between Wald and LM test statistics was also exadjiand the delta method for finding

the standard error of a nonlinear function of ammestor was illustrated.
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APPENDIX

CONTINGENCY AND OTHER TABLESDEALING WITH THE TWO TYPES

OF FIRST CLASS PASSENGERS

This appendix refers to our second example whergegteict our attention to adult males
who were traveling in first class cabins, and asleter the survival rate for servants
traveling in first class is different from that fother adult male first class passengers. In
the main text we looked at the estimation of atlogodel using the individual record
data. In addition, or as an alternative studentddcbe given the data in the form of a
contingency table and asked to test the differdret&een two proportions, perform a
chi-square test for independence and test thereifte between two logits. We present

the relevant information below.

There were 176 adult males traveling in first slasibins. Of these 12 were
servants. Table Al below gives the number of sengvand non-survivors for each
group.

[TABLE Al NEAR HERE]

We are interested in comparing the survival rateniale servants traveling first class
with that for other adult males traveling first £$a Using the information provided in
Table Al we find that an estimate of the probapititat a male servant survived given
that he travelled first class is 0.1667; the cqoesling probability for all other adult
males traveling first class is 0.3415. The Wald &M tests statistics for testing the

equality of these two proportions arg, =1.53€ and Z,, =1.244. Using a 5%

significance level both test statistics lead uadoept the null of no difference in the two

proportions.
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Another way of testing whether the survival rate first-class adult male
passengers is different from that for other adudlenpassengers is to use a chi-square
contingency table test to test for the independewicsurvival rate and whether the

passenger was a servant or not. Actual and expéegdencies are given in Table A2.
The value of the chi-square statistic % =1.546. With 1 degree of freedom the 5%

critical value is 3.84 and, as with the Wald and tadts, the null hypothesis is accepted.
[TABLE A2 NEAR HERE]
Table A3 reports the probabilities, the odds amddbrresponding logits.
[TABLE A3 NEAR HERE]
The test for equality can be performed in termsthad corresponding logits,
Hy: (. =(, where/. =In[p-/(1-pg)] and/y =In[p,/(1- py)]-

Proceeding like we did when testing the equalityved proportions, we can set
up two test statistics, the Wald statisHg, that uses estimateS. and p, to obtain an
estimated standard deviation for the denominatatheftest statistic, and the Lagrange
multiplier statisticZ,,, that usesp to estimate the probabilities in the standard ake.
The values of these statistics for this hypothasisZ,, =1.202 and Z/,, =1.497. Since

they are both less than the 5% critical value 861they also lead us to conclude that the

survival rates for servants and others travelinfiyé class are not different.
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NOTES

We are not the first to realise that this eventaats students’ attention. Dawson
(1995) and Simonoff (1997) use cross-tabulatiortslagistic regression to relate
the Titanic's passengers survival rate to age, gem@ehd economic status. To
maintain student interest, they present their teswithout disclosing the nature
of the disaster, and ask students to try to idenhé historical event which put
these people at risk. Moore (2004, p 559) usespass survival rates in one of a
number of revision questions at the end of a @rapdncerning the use of chi-

squared tests.

Becker (1998), Watts (1998) and Leet & Houser (3Q8IBurge economics (and
econometrics) educators to use of examples fromitbrld around us’, pointing
out that they are a powerful means by which to wadé students and to

encourage discussion and participation.

We focus solely on the aduitale passengers because the women-and-children-
first policy meant that virtually all females trdivey in first class were able to
reach a lifeboat and survive, whether they wereraast or not. We concentrate
solely on adults because a comparison of the sefalin our two hypotheses is

more relevant if male children are excluded.

These figures differ slightly from those given metDawson (1995), Simonoff
(1997) and Moore (2004). There are two reasongHherdifferences. First, the
data we use are taken from Mitcham (2001) and awee raccurate, reflecting
more recent research on the passengers and theug)apassenger lists. Second,

because of our interest in the survival rate offtte class passengers’ servants
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(all of whom were adults), we are only looking he tdata for adults whereas
Dawson, Simonoff and Moore provide figures whichlude children as well as

adults.

All of the statistical techniques we wish to teach based on the assumption that
we have random samples from a larger populationveyer, it could be said that
we have the complete population (everybody abdaedTitanic). We hope that
this issue can be overlooked here given our aio iBnd a data set that will
‘grab’ the students’ attention and use it as an@iggaching them techniques they
can use elsewhere. A good classroom exercise ine@td consider whether there
is any way in which the data can be thought to céme a ‘random sample’.
(Perhaps the passenger manifest can be seen aspitete’ and as a sample
drawn from a larger population of candidate growp® might have been on the

ship that night.)

Students should note that the LM test uses an aiof variance under the null
whereas the Wald test uses an estimate of variander the alternative. Since
the null is more ‘restrictive’ than the alternativge say that the Wald test is
based on the unrestricted estimator while the L84 @@vented by C. R. Rao, and
sometimes called ‘Rao’s (efficient) score test’) bhased on the restricted
estimator. There is a nice story which might hetpdents remember the
difference between the two measures. The greaststatn Ronald Fisher once
invited Abraham Wald and C R Rao to his house ftaraoon tea. “During their

conversation, Fisher mentioned the problem of degidhether his dog, who had
been going to an ‘obedience school’ for some tinas disciplined enough.” After

a moments reflection Wald, who “lost his familytime concentration camps and
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was averse to any restrictions, simply suggestadrg the dog free and seeing
whether it behaved properly”. Rao reflected on Weaklthswer and suggested an
alternative test. Rao, who “had observed the ngssiof stray dogs in Calcutta
streets, did not like the idea of letting the dogm freely and suggested keeping
the dog on a leash at all times and observing hasd it pulls on the leash. If it

pulled too much it needed more training.” Adaptesin Bera and Premaratne

(2001, p 58).

These versions of the Wald and LM test statistioth thave the samé(0,1)

asymptotic distribution under the null hypothedisit they will yield different

A

values unlessp. = p,. Baltagi (2002, p 30) has an example of the rkffee

between the Wald and LM tests for testing a hymtheabout a sample
proportion. Kennedy (2003, Ch 4) has a good dsounsof the circumstances

under which one or the other test might be appabgri

Of course, the chi-square formulations are moreeg@nThey can be used when
the null hypothesis is a joint hypothesis involvingre than one equality. The
correspondence we have described only holds fdrhyglotheses with a single
equality.

The values given in Table 4 will be obtained frony &oftware that uses second

derivatives of the log-likelihood function to estte the information matrix.

It can also be shown algebraically that the twerakltive estimators and their
standard errors are identical. The advantage ofgusie estimated logit model is

the ease with which the results can be calculasethumost statistical software.
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Clearly, -1.6094 + 0.9527 = -0.6567, not -0.6568wdver, -0.6568 is the value
obtained by considering more decimal places. Hes&lsewhere, we have chosen

to report the values that are free from roundingrer

This outcome is supported by the results of therothsts that are listed in the
appendix. Students could be encouraged to explugerdlationships between

these results.

It will be recalled that earlier we found the swali rate for male first class
passengers was significantly different from that fwales traveling in the other
two classes taken together. The data for testipgtimeses comparing the survival
rate for male servants traveling in first classhwihe survival rate for male
passengers traveling in second and third classes teogether can be found in

Tables 1 and Al.



30

TABLE 1

Contingency table for adult male passengerson the Titanic

First class Other classes Row totals

Survived 58 73 131

Did not survive 118 544 662

Column totals 176 617 793
TABLE 2

Actual and expected frequencies for adult male passengerson the Titanic

First class Other classes Row totals
Survived 58 (29.074) 73 (101.926) 131
Did not survive 118 (146.926) 544 (515.074) 662
Column totals 176 617 793
TABLE 3

The probabilities of survival and corresponding odds and logitsfor first classand
other adult male passengers

First class Other classes

Probability of survival( p) 0.3295 0.1183
Probability of dying(1— p) 0.6705 0.8817
Odds [p/(d-p)] 0.4915 0.1342

Logit In[p/(1- p)] -0.7102 -2.0085




TABLE 4

Maximum likelihood estimatesof a and : First class versusother classes

Coefficient  Estimate Std. Error  Z-value p-value
a -2.0085 0.125 -16.113 0.000
B 1.2982 0.203 6.392 0.000
TABLES

Maximum likelihood estimatesof a and 3: Servants ver sus non-servants

Coefficient  Estimate Std. Error  Z-value p-value
a -1.6094 0.775 -2.077 0.038
B 0.9527 0.792 1.203 0.229
TABLE Al

Contingency table for the two types of first class male passengers

Non-servants Servants Row totals
Survived 56 2 58
Did not survive 108 10 118
Column totals 164 12 176
TABLE A2

Actual and expected frequencies for the two types of first class male passengers

Non-servants Servants Row totals
Survived 56 (54.045) 2 (3.955) 58
Did not survive 108 (109.95) 10 (8.045) 118

Column totals 164 12 176
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TABLE A3

The probabilities of survival and corresponding odds and logitsfor the two types of

first class male passengers

Non-servants Servants
Probability of survival( p) 0.3415 0.1667
Probability of dying(1- p) 0.6585 0.8333
Odds [p/(1- p)] 0.5185 0.2000

Logit In[p/(L- p)] -0.6568 -1.6094






