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From the Greulich-Pyle Radiographic Atlas, 1959

An ‘adult’ wrist 
X-ray



Why wrist X-rays?
• Until recently,  Indonesian fisherman were 

frequently in the news for bringing asylum seekers 
to Australia by boat.

• Many were arrested and held in detention charged 
with people smuggling.  

• Between 2008 and 2012, 1115 crew were held.

• Their subsequent treatment depends on how old 
they are. 

• If they are under 18 they are sent home.



• If over 18 and found guilty, they are sentenced 
to 5 or more years in jail. 

• Many who claim to be children have no birth 
certificate. 

•  Between 2000 and 2008 only 55% of Indonesian 
births were recorded and there are at least 3 
different calendars.

• The first stage of a defendant’s case is an age 
assessment hearing to determine how old they 
are.



Where this started  …
• In 2001, the Federal Government amended the 

1914 Crimes Act to enable age determination 
to be prescribed by regulation.

• At the same time, the Crimes Regulation 1990 
was amended to take wrist X-rays of 
defendants to assist in determining age. 

• No reference tool or methodology was 
specified.  

• The Government planned to take advice from 
Dr Vincent Low a radiologist.



Dr Low for the prosecution

GP Atlas



What Dr Low did …

• The GP Atlas shows an adult (mature) X-ray 
at 19, so he states  “19 must be the mean 
chronological age for an adult X-ray”.

•What is wrong with this statement? 

• 19 years is not the mean age for mature 
X-rays! Nor does it imply all males aged 19 
are skeletally mature.



What did Dr Low do next?
• Having chosen a mean, he then wanted a 

standard deviation. 

• From the GP Atlas, for boys aged 17, he assumed 
the sd of the difference between bone age and 
chronological age is 15.4 months.

• Ummm, boys aged 17 have immature X-rays.

• He also assumed age to be normally distributed.

It’s not!
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exclamation mark at the end.) In addition, the 
standard deviation of the difference between 
bone age and chronological age is 15.4 months 
for boys aged 17, a statistic also given in the 
Atlas. So assuming that age is normally 
distributed, it is a simple matter to calculate 
the probability of the bone age being under 
18 from the corresponding normal equivalent 
deviate of (18 – 19)/(15.4/12) = –0.78, that is, 
a lower tail probability of 22%. The probability 
of being adult is correspondingly 78%.

Dr High’s standard report (it is essentially 
the same for all his cases) includes a figure of 
the normal distribution with tail area shaded 
(like Figure 2), and tables of probabilities 
corresponding to different age cut-offs, all of 
which give the report a professional look. 

Age assessment hearings are civil cases 
where the verdict is based “on the balance of 
probabilities”, which can be viewed informally 
as a probability exceeding one half. (For 
comparison, criminal cases require evidence 
“beyond reasonable doubt” corresponding to a 
much more extreme probability.) Thus evidence 
of the accused being adult, presented in the 
form of a probability comfortably exceeding 
50%, is attractive to prosecutors and they have 
won several cases on the strength of it. 

However Dr High’s argument is specious, 
as is simply seen. The fact that 19-year-old 
boys tend to have a mature adult X-ray does 

not make age 19 the mean age for adult 
X-rays. Quite the reverse – there is no simple 
expression for the mean age of an adult X-ray, 
as the distribution is effectively unbounded at 
the upper end. Equally the standard deviation 
of 15.4 months applies to 17-year-olds (not 
19-year-olds) with immature (not mature) 

X-rays, so it is doubly inappropriate. Thus 
the probability of 22% is based on an age 
distribution where neither the mean nor the 
standard deviation is valid.

Clearly Dr High’s probability is wrong, 
but can one come up with anything better? 
Also, and more importantly, is a probability 
what the court needs to know?

To extract useful information from the 
mature X-ray we should focus on the timing 
of an associated event, the age of attainment 
of skeletal maturity. This is the unobservable 

age when the X-ray first reaches adult 
appearance, and it is the lower bound of the 
child’s possible age given that they have a 
mature X-ray. Knowledge of the distribution 
of the age of attainment would clarify just 
how young skeletally mature boys can be. The 
obvious place to look for this information is 
the Greulich–Pyle Atlas, yet it is silent on the 
subject. The reason why is not hard to see – 
mature X-rays were of no interest to Greulich 
and Pyle, so the age of attainment of mature 
X-rays was equally irrelevant to them. 

That said, their Atlas does contain some 
relevant information. As already mentioned, 
there are tables giving the SD of the difference 
between bone age and chronological age, by 
year of age up to 17 years. Greulich and Pyle 
only included children with immature X-rays 
in these tables, so a reasonable inference is that 
the tables stopped at 17 because there were too 
few boys aged 18 or 19 to include. In addition, 
the sample sizes by year in the tables decreased 
after 14 years, again suggesting that increasing 
numbers were being omitted as mature. On 
this evidence boys as young as 15 may be 
skeletally mature. 

The ages of the standard X-rays provide 
another perspective. The age 18 standard is 
immature while the age 19 standard is mature 
– this suggests that the mean age of attainment 
is somewhere between 18 and 19 years.

However, for hard evidence on the age of 
attainment we have to refer to a more recent 
source. It is the so-called TW3 method of 
Tanner et al.2 Tanner and Whitehouse (TW) 
developed a method of assessing bone age 
by scoring individual bones in the hand and 
wrist and adding the scores together, where 
a score of 1000 indicates skeletal maturity; 
TW3 is the third edition of the TW manual. 
This is in principle more accurate than 
the Greulich–Pyle whole-hand-matching 
procedure. The TW3 manual includes a table 
with selected centiles for age of attainment 
of skeletal maturity in boys – just what we 
want. The centiles are in reverse, reflecting 
immaturity rather than maturity, so the 97th 
centile at 15.1 years means that 97% of boys 
are immature at this age and 3% are mature. By 

Figure 2. Normal distribution of chronological age, given a mature X-ray

Table 1. Centiles for age of attainment of skeletal 
maturity in boys2

Centile 97th 90th 75th

Age (years) 15.1 15.8 16.7

That 19-year-old boys tend to 
have a mature adult X-ray does 
not make age 19 the mean age 

for adult X-rays

He cobbled it all together …

Immigration authorities treat this as the distribution of 
chronological age given a mature X-ray.

(Cole, 2012)



Dr Low’s table:

0.00005

“1 in 100”

Dr Low’s trouble with numbers



In Civil Law cases …

• The verdict is based on the balance of 
probabilities, i.e. the Judge thinks it is more 
likely than not. 

• So a probability > 0.5 of being an adult is 
attractive to prosecutors.

• The Commonwealth won many cases on the 
strength of Dr Low’s reports. 

• With the GP Atlas 18-year standard P=0.5 …



Prof Cole for the defence

• He is a paediatrician with some qualifications in 
statistics. 

• He was engaged to provide expert reports 
disputing Dr Low’s conclusions.

• Prof Cole rejects the use of the GP Atlas and 
argues it the age of attainment of skeletal 
maturity which is important.

• This has an unobserved survival distribution.



Survival distribution
Defined by an event of interest attainment of 
skeletal maturity and time to the event, called 
the survival time, age of attainment.



Observations are subject to censoring - the 
event is known to occur only before or after a 
certain time or within an interval.



Censoring complicates the usual analysis. 



Survival distributions are typically right skewed.



What Prof Cole did
• He used the more recent manual by Tanner et 

al 2001, 3rd Edition (TW3 Method).

• TW3 uses skeletal maturity scores (SMS), 
which scores individual bones in hand and 
wrist and adds scores together.

• SMS = 1000 indicates skeletal maturity. 

• TW3 uses children European-American from 
the 1960s -  a very different ethnic and socio-
economic group to young Indonesian fishermen!



TW3 contains the following table:

Where do these centiles come from?

, 1997

Prof Cole was pretty excited about these …



Note year!!!



The coefficient 0.1362 is incorrect. Should it be 0.01362 ?



This is what you get if you fit 
Mean = 2.120 + 0.01362 Age + 0.002410 Age^2
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This curve misses all the points!
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The given equation (in red) definitely misses ...

So let’s use least squares regression to get the line of best fit.

Mean = 2.12 + 0.1362 Age + 0.002410 Age^2
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Least squares quadratic fit in green

If the data in Table 1 are correct, the blue line isn’t the best fit.
Maybe they used slightly different data??

6

Mean = 2.1335 + 0.014397 ⇥ Age + 0.0024383 ⇥ Age2



From the model fits, percentiles were derived using 
normal deviates (i.e. z)

These charts are used in practice (shudder). 



• Table 8 of centiles (from TW3): can’t read these 
off the top of the chart because of censoring.

• Tanner et al (1997) say they used the “assumed 
model” to estimate age at which maturity is 
attained for 15 and 16 year old boys.

• We know the statistical models presented are 
not correct. It gets worse …

Scores of SMS 1000



The authors and data are elusive ….

9/05/2015 2:19 pmCorrection - The Journal of Pediatrics

Page 1 of 1http://www.jpeds.com/article/S0022-3476(12)01070-0/fulltext

Mobile  Mobile app  RSS Feeds 

Login  | Subscribe

DOI: http://dx.doi.org/10.1016/j.jpeds.2012.09.021

Correction

Article Info

Abstract Full Text

It was recently brought to our attention that corrections may need to be made in the article, “Tanner-Whitehouse bone age
reference values for North American children,” by Tanner et al, J Pediatr 1997;131:34-40. Because The Journal was unable
to contact the authors of the article, the article was sent to an independent reviewer. Although the reviewer did not have
access to the raw data, he was able to assess the mean and SD data in Tables I and II; carrying out the regression analysis
should give results that are close to those in the published article. The coefficients for mean age  and the SD equations on
page 37 seem correct. However, the coefficients for mean age should be 0.01362 (males) and 0.01258 (females) for the
equations for mean (log SMS), equations 1(a) and 2(a) (not 0.1362 and 0.1258, respectively, as stated on page 37).

© 2012 Published by Elsevier Inc. All rights reserved.

    

Article Tools

PDF (76 KB)

Email Article

Add to My Reading List

Export Citation

Create Citation Alert

Cited by in Scopus (0)

Request Permissions

Order Reprints
(100 minimum order)

Linked Articles

 All Content  Search  Advanced Search

Copyright © 2015 Elsevier Inc. All rights reserved. | Privacy Policy | Terms & Conditions | About Us | Help & Contact
The content on this site is intended for health professionals.
Advertisements on this site do not constitute a guarantee or endorsement by the journal, Association, or publisher of the quality or value of such product or of the claims made for it by its
manufacturer.

| Register  

December 2012Volume 161, Issue 6, Page 1180< Previous Article Next Article >

2

Access this article on
ScienceDirect

Tanner-Whitehouse bone
age reference values for
North American children
James Tanner, Dan Oshman,
Faranghise Bahhage, Michael
Healy
The Journal of Pediatrics, Vol.
131, Issue 1

December 2012Volume 161, Issue 6, Page 1180< Previous Article Next Article >

Articles and Issues Collections For Authors For Readers Journal Info Media/Press Subscribe My Account Free Trial Issue

me
female age 
coefficient is 

correct

So, they got the Correction wrong for both boys and girls!!!
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But Prof Cole does “go beyond”!
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High’s probability calculation, and I put my 
conclusions in an appendix to the report. The 
case was subsequently dismissed. I was then 
approached by no fewer than 11 different 
lawyers from all over Australia, representing 
Indonesians on people trafficking charges 
with bone ages assessed by Dr High, asking 
me to act as expert witness to critique Dr 
High’s statistics. Each case involved my writing 
a report, broadly similar to the story here, 
and sometimes giving evidence by videolink. 
Videolink evidence is a strange experience, 
getting up early or staying up late due to the 
time difference, and being cross-examined via 
television. Of the 11 cases for which I provided 
a report, nine were subsequently dismissed 
by the prosecution and the young men were 
repatriated to Indonesia.

The subtext of everything said so far is 
that a mature X-ray is pretty uninformative. 
It is compatible with being aged 15 or 50 
or 85, and does not discriminate between 
young men aged between 17 and 19. Yet the 
probability under discussion, of the accused 
having a mature X-ray conditional on their 
being under 18, fails to highlight this lack of 
information. This is because it is not directly 
relevant to the case. What is wanted is the 
“reverse” probability, that of their being under 
18 conditional on their X-ray being mature. 

This confusion of conditioning has a name: it 
is called the “prosecutor’s fallacy”.

To expand on this, the court knows that 
the accused has a mature X-ray, and it must 
decide whether he is over 18 or under 18. So 
what it needs to know is two probabilities, not 
one: the probability that he is over 18 versus 
the probability that he is under 18. Ideally the 
one probability should be near 100% and the 
other near 0%. The evidence of a mature X-ray 
would then clearly separate between adults 
and minors. 

But the problem is that it does not. 
Figure 3 shows the probability of having a 
mature X-ray at different ages, rising from 
near zero at 14 years to near one at 22 years. 
If we choose two ages, say 17 and 19 years, the 
corresponding probabilities are 33% and 84%. 
The probability increases with age, but not 
that steeply. The ratio of the two probabilities, 
2.6, is called the likelihood ratio. A male with 
a mature X-ray is 2.6 times more likely to 
be aged 19 than 17. The likelihood ratio is a 
compact summary of the evidential value of 
the X-ray for deciding on the individual’s age, 
and the larger it is the better.

With DNA evidence, for example, the 
likelihood ratio can exceed 1 million. But here 
the emphasis is different – how small can the 
likelihood ratio be yet still be informative? 

Taking the analogy of diagnostic tests in 
medical practice, likelihood ratios less than 
5–10 are generally viewed as uninformative. 
So the value here of just 2.6 is pretty useless – 
the misclassification rate is just too high.

In practice the age claimed by the accused 
may vary from under 15 years up to 18, 
usually based on a rounded date of birth such 
as January 1st. Clearly the likelihood ratio is 
higher the younger the claimed age – for 15 
years say the likelihood ratio is 30, a clear 
indication that someone with a mature X-ray 
is unlikely to be that young. But for ages over 
16 the likelihood ratio is less than 7, and hence 
essentially uninformative. 

So the conclusion is this: for young 
men with a mature hand–wrist X-ray who 
are accused of people smuggling, and who 
say they are between 16 and 18 years old, 
the X-ray provides insufficient evidence for 
the age hearing to conclude that they are 
over 18. In practice the X-ray should not be 
used as evidence, since it raises other ethical 
issues relating to radiation dose, the nature of 
consent, and the fact that it penalises skeletally 
mature individuals.

In November 2011 the Australian 
Federal Parliament introduced its Crimes 
Amendment (Fairness for Minors) Bill. 
Around the same time the Australian Human 
Rights Commission set up an inquiry into 
the treatment of individuals suspected of 
people smuggling offences who say that they 
are children. Both are concerned about the 
processes of age assessment, and they have 
invited submissions from interested parties, 
to which I have responded. The hope is that 
when they report, they will recognise the 
evidential weakness of the hand–wrist X-ray, 
and recommend it not be used in the future.

References
1. Greulich, W. W. and Pyle, S. I. (1959) 

Radiographic Atlas of Skeletal Development of the 
Hand and Wrist, 2nd edn. Stanford, CA: Stanford 
University Press.

2. Tanner, J. M., Healy, M. J. R., Goldstein, 
H. and Cameron, N. (2001) Assessment of Skeletal 
Maturity and Prediction of Adult Height (TW3 
Method), 3rd edn. London: W.B. Saunders.

Tim Cole is Professor of Medical Statistics at the 
MRC Centre of Epidemiology for Child Health, UCL 
Institute of Child Health. His research interests 
include anything to do with the assessment and 
interpretation of body size and shape, including child 
growth and obesity. 

Figure 3. Distribution function for age of attainment of skeletal maturity, based on the three centiles shown 
in Table 1He “fits” a normal distribution to the three centiles.

(Cole, 2012)



Er … some measures of precision? 

• Prof Cole didn’t include any standard errors in his 
expert witness reports.

• But can compute bootstrap confidence intervals 
for each estimated probability.

• Later, Prof Cole obtained a 95% bootstrap CI of 
(0.55, 0.67). 

• So, Dr Cole claimed the majority of boys with a 
mature X-ray were under 18 when they became 
skeletally mature and 15 boys were 
immediately repatriated to Indonesia.



At the 2012 AHRC hearing there was much 
argy-bargy over whether the two distributions 

were different.

How could you compare the two distributions?

Use a two-independent samples z-test or t-test to 
compare the population means.



Two-sample t-test

6

Mean = 2.1335 + 0.014397 ⇥ Age + 0.0024383 ⇥ Age2

H0 : µLow = µCole versus HA : µLow î µCole

We observe X̄Low = 19 and X̄Cole = 17.6,
with (assumed) observed standard deviations
1.283 and 1.375 years respectively.

The assumption of equal variance looks reasonable. Why?

Thus we can conduct an equal variance two-sample t-test.
Why is this preferable?
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We observe X̄Low = 19 and X̄Cole = 17.6
with “estimated” standard deviations
1.283 and 1.375 years respectively.

The assumption of equal variance looks reasonable. Why?

Thus we can conduct an equal variance two-sample t-test.
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nLow = 60, which is the size of the 17 year old
cohort in the Stuart Study.

We can take nCole = 48, being the average size
of the 15 and 16 year old cohorts from Table I.

Let

s2p =
(59)1.2832 + (47)1.3752

60 + 48� 2
= 1.7545

Then

t =
17.6� 19q

( 1
60 + 1

48)1.7545

which is �5.4580 on 106 df.

Recall, the P -value is

P (|T | � |t|) = P (T  �t) + P (T � t)

That is,

3.1187⇥ 10�7

Let P ( 18) be the prior probability that the defendant is
under 18.

Let P (> 18) be the prior probability that the defendant is
over 18.

We don’t know what these are.

We also need to decide what to use as the ‘data’.

Prof. Cole took P (mature X-ray|  18) to be the
average of 0% and 61%, and

P (mature X-ray| > 18) to be the average of
61% and 100%.

P ( 18|mature X-ray) =
0.305⇥ P ( 18)

0.305⇥ P ( 18) + 0.805⇥ P (> 18)

There is a snag: we have n_L = 60  but we have 
to approximate n_C = 48.
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Now,



Two-sample t-test
Then,
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Why is this preferable?

nLow = 60, which is the size of the 17 year old
cohort in the Stuart Study.

We can take nCole = 48, being the average size
of the 15 and 16 year old cohorts from Table I.

Let

s2p =
(59)1.2832 + (47)1.3752

60 + 48� 2
= 1.7545

Then

t =
17.6� 19q

( 1
60 + 1

48)1.7545

which is �5.4580 on 106 df.

Recall, the P -value is

P (|T | � |t|) = P (T  �t) + P (T � t)

That is,

3.1187⇥ 10�7

Let P ( 18) be the prior probability that the defendant is
under 18.

Let P (> 18) be the prior probability that the defendant is
over 18.

We don’t know what these are.

We also need to decide what to use as the ‘data’.

Prof. Cole took P (mature X-ray|  18) to be the
average of 0% and 61%, and

P (mature X-ray| > 18) to be the average of
61% and 100%.

P ( 18|mature X-ray) =
0.305⇥ P ( 18)

0.305⇥ P ( 18) + 0.805⇥ P (> 18)

= .



Clearly we reject the null hypothesis that the 
two means are the same, and conclude that 
the mean age of skeletal maturity assumed 
by Prof Cole is significantly lower than the 
mean age assumed by Dr Low.

Two-sample t-test

This was broadly interpreted to imply an 
“observed variation of two years” using 
wrist X-rays to determine chronological age.



A mature wrist X-ray is not very 
informative ...

• It doesn’t discriminate between boys aged 17 and 
19.

• So far, we have considered the conditional 
probability of a mature X-ray given the defendant is 
under 18. 

• What the court wants to know is the reverse 
probability: of being under 18 given a mature X-ray. 

• This confusion is known as the prosecutor’s fallacy.



Bayes’ Rule
•Gives a general formula for updating 

probabilities in the light of new information.

Now suppose the defendant has a mature 
wrist x-ray. (A)

Which probability is better supported by the 
evidence?

6

Mean = 2.1335 + 0.014397⇥Age + 0.0024383⇥Age2

H0 : µLow = µCole versus HA : µLow 6= µCole

We observe X̄Low = 19 and X̄Cole = 17.6,
with (assumed) observed standard deviations
1.283 and 1.375 years respectively.

The assumption of equal variance looks reasonable. Why?

Thus we can conduct an equal variance two-sample t-test.
Why is this preferable?

nLow = 60, which is the size of the 17 year old
cohort in the Stuart Study.

We can take nCole = 48, being the average size
of the 15 and 16 year old cohorts from Table I.

Let

s2p = (1.2832 + 1.3752)/2 = 1.7684.

Then

t =
17.6� 19p

(1/48 + 1/60)1.7684

which is equal to �5.4365 on 106 df.

Recall, the p-value is

P (|T | � |t|) = P (T  �t) + P (T � t)

That is,

2⇥ (1.75186⇥ 10�7) = 3.5037⇥ 10�7

Let P ( 18) be the probability that the
defendant is under 18.

Let P (> 18) be the probability that the
defendant is over 18.

We don’t know what these are.

We also need to decide what to use as the ‘data’.

Prof. Cole took P (mature X-ray|  18) to be the
average of 0% and 61%, and

P (mature X-ray| > 18) to be the average of
61% and 100%.

P ( 18|mature X-ray) =
0.305⇥ P ( 18)

0.305⇥ P ( 18) + 0.805⇥ P (> 18)

5

Let B1, B2, . . . , Bn be a partition of a countable sample space S.
That is,

S = B1 [B2 [ · · · [Bn,

and the Bi are disjoint.

Suppose the probabilities P (Bi) are known.

Now suppose we find out that the event A has occurred.
How do the probabilities change?

In other words, what is P (Bi|A)?

(B1)

(B2)

We know
P (A \Bi) = P (Bi|A)P (A) = P (A|Bi)P (Bi)

P (A \B1) = P (B1|A)P (A) = P (A|B1)P (B1)

P (B1|A) =
P (A|B1)P (B1)

P (A)
We also know that if B1, . . . , Bn partition A,

then
P (A) = P (B1)P (A|B1) + ...+ P (Bn)P (A|Bn)

by the Law of Total Probability.
We also know that if B1, . . . , Bn partition A,

then
P (A) = P (B1)P (A|B1) + ...+ P (Bn)P (A|Bn)

by the Law of Total Probability.

From above,

P (Bi|A) =
P (A|Bi)P (Bi)

P (A)
which gives Bayes’ Rule:

P (B1|A) =
P (A|B1)P (B1)

P (A|B1)P (B1) + P (A|B2)P (B2)
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This is the posterior probability of being under 
18 given the defendant has a mature X-ray.

7

P ( 18|mature X-ray)

=
P (mature X-ray|  18)⇥ P ( 18)

P (mature X-ray|  18)⇥ P ( 18) + P (mature X-ray| > 18)⇥ P (> 18)

Then

P ( 18|mature X-ray) =
0.305⇥ 0.9

0.305⇥ 0.9 + 0.805⇥ 0.1
= 0.773

P ( 18|mature X-ray) =
0.305⇥ 0.99

0.305⇥ 0.99 + 0.805⇥ 0.01
= 0.97

Then
P ( 18|mature X-ray) = 0.602.

Exercise: Find the posterior probability P ( 18|mature X-ray),
for assumed priors of 0.01 , 0.5 and 0.99, respectively.

Then

6

Mean = 2.1335 + 0.014397⇥Age + 0.0024383⇥Age2

H0 : µLow = µCole versus HA : µLow 6= µCole

We observe X̄Low = 19 and X̄Cole = 17.6,
with (assumed) observed standard deviations
1.283 and 1.375 years respectively.

The assumption of equal variance looks reasonable. Why?

Thus we can conduct an equal variance two-sample t-test.
Why is this preferable?

nLow = 60, which is the size of the 17 year old
cohort in the Stuart Study.

We can take nCole = 48, being the average size
of the 15 and 16 year old cohorts from Table I.

Let

s2p = (1.2832 + 1.3752)/2 = 1.7684.

Then

t =
17.6� 19p

(1/48 + 1/60)1.7684

which is equal to �5.4365 on 106 df.

Recall, the p-value is

P (|T | � |t|) = P (T  �t) + P (T � t)

That is,

2⇥ (1.75186⇥ 10�7) = 3.5037⇥ 10�7

Let P ( 18) be the probability that the
defendant is under 18.

Let P (> 18) be the probability that the
defendant is over 18.

We don’t know what these are.

We also need to decide what to use as the ‘data’.

Prof. Cole took P (mature X-ray|  18) to be the
average of 0% and 61%, and

P (mature X-ray| > 18) to be the average of
61% and 100%.

P ( 18|mature X-ray) =
0.305⇥ P ( 18)

0.305⇥ P ( 18) + 0.805⇥ P (> 18)

For this we need
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Let P ( 18) be the probability that the
defendant is under 18.

Let P (> 18) be the probability that the
defendant is over 18.
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We also need to decide what to use as the ‘data’.

Let’s take the average of 0% and 61%
and the average of 61% and 100%.
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Suppose there is strong corroborating evidence that 
the defendant is less than 18, which we represent by 

 0.99.

What if the prior belief that the defendant is a 
minor is not so strong, say 0.8?

7

Then

P( 18|mature X-ray) = 0.305 ⇥ 0.9
0.305 ⇥ 0.9 + 0.805 ⇥ 0.1

= 0.773

Then
P( 18|mature X-ray) = 0.602.

Exercise: Find the posterior probability P( 18|mature X-ray),
for assumed priors of 0.01 , 0.5 and 0.99, respectively.

This is still > 0.5!

which is  >> 0.5

Then

7

Then

P ( 18|mature X-ray) =
0.305⇥ 0.9

0.305⇥ 0.9 + 0.805⇥ 0.1
= 0.773

P ( 18|mature X-ray) =
0.305⇥ 0.99

0.305⇥ 0.99 + 0.805⇥ 0.01
= 0.974

Then
P ( 18|mature X-ray) = 0.602.

Exercise: Find the posterior probability P ( 18|mature X-ray),
for assumed priors of 0.01 , 0.5 and 0.99, respectively.



Sensitivity analysis demonstrates that the 
prior belief about chronological age is not 

substantially altered by a mature X-ray.

In other words there is little useful 
information in the wrist X-ray outcome 
about whether an individual is under or 

over 18.
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The federal government is considering a halt to using wrist X-rays for determining age - a controversial method which has landed Indonesian boys
accused of being people smugglers in adult jails.

The government on Thursday responded to a parliamentary committee into the detention of Indonesian minors in Australia.

It agreed in principle with a recommendation that it consider removing wrist X-rays as a prescribed method for age determination.

The controversial method has been used by federal police in determining the age of Indonesians detained on suspicion of being people
smugglers.

The government's response noted advice from Australia's chief scientist Ian Chubb that wrist X-rays did not allow for precise estimation of age
and that results varied with ethnic and socio-economic conditions.

Professor Chubb also pointed out that there was an "observed variation" of two years using the procedure.

The attorney-general's department was now considering options for legislative amendments to remove the use of wrist X-rays, the government
said in its response.

The government highlighted the difficulties it faced with gathering information from Indonesia during investigations into a person's age.

It said only 55 per cent of Indonesian births were recorded between 2000 and 2008 and that there are at least three different calendars used in the
country.

Between 2008 and November 2012, 1115 crew have arrived in Australia, with 197 being returned on the basis that they may have been minors.

Fifteen young Indonesians who had been convicted as adults for people-smuggling offences were released when doubt was raised about whether
they were adults when they were stopped.
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Soon after, all remaining boys were released 
and sent home …




