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What is a limit of detection problem? What should we do about it?

When our measurement device is not able to provide reliable Consider a simulated example.

measurements below a fixed threshold, this is limit of detection problem. Suppose ¥; ~ Normal(10,1), but we have a lower detection limit of 9.

- I Our data will look like below. 4 = Distributions
or example: - Jr=——
1/0 Cols |w
Imagine that our data is madg up of weight = y 5 I
measurements, but our scale is not able to 1 065
reliably measure anything below 1 gram. 2 10.82
Those rows are recorded as 1.0. —_ 3 9.51
4 10.45
5 9.37 e
|5. 9[}[} 9 10 11 12 13
—m ’ . ) 4 = Distributions
Because of the limitations of our scale, our weight What happens if we model Y as-is? _ _,

data may look something like on the right. 1.0 The results are not great.

D |

1
g

We don’t really believe those values of 1.0, 2 37 4 ~ Fitted Normal Distribution

we just know that they are at most 1.0. Parameter ~  Estimate Lower95% Upper95%
ﬁl— 1[} Location L 99705032 98711955 10.069811
3
b

Dispersion o 0.7972399 (0.7329456 0.673995

. . . 9 10 11 12 13
This type of data is very common in 1.U
. EI' D 4 Compare Distributions
pra Ctlce' ' Show Distribution AlCc ~ AlCcWeight .2 4 6 .8
Lognormal — 588.83032 0.8196
Gamma — 591.90922 0.1758

MNormal — 599.21803 0.0045




What should we do about it?

lgnoring the values at the limit didn’t work out well.

What happens if we just get rid of them?
Now we have a smaller (and biased) sample.
We overestimate the mean and underestimate the variation.

A = Distributions

4 =Y subset
A = Fitted Normal Distribution — P |
Parameter Estimate Lower 95% Upper 95%
Location L 10144467 10.044053 10.24487
Dispersion o 0./41637/6 06771231 0.8198465
9 10 11 12 13
4 = Distributions
And we still would not pick R
the normal distribution... - e
So we can’t ignore the limit and we )4 XM__
can’t throw those observations away. ey R,
4 Compare Distributions
Show Distribution AlCc ~ AlCc Weight 2 .4 .6 .8
Lognormal — 470.58357 07325 ]

Gamma — 47274059 02491 |
MNormal — 477.95603 0.0184 |
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What should we do about it?

How do we properly handle observations at our limit of detection?
We need to treat such observations as censored and use appropriate
methods.

Censoring is a situation where the value of a measurement/observation
is only partially known.

An observation at the lower detection limit d; is left censored,
y=d, =y=d

An observation at the upper detection limit d,, is right censored,

y=d, >y =dy

Meeker and Escobar’s Statistical Methods for Reliability Data is an
excellent resource for handling censored data.
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A variety of JMP platforms handle censoring. | ftufebyX
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Limits of Detection in Distribution Limits of Detection in Distribution
New in JMP 17, the Distribution The report makes it clear that we used detection limits.
latf turally handl o opeles < o S . . . : : . .
pa . orm na ura y dan es Detection Limits Detection I_.|m|t5_r | dﬂ v FlﬁEd NDI‘I‘I‘IEI' DIS‘tI‘IhI.ItIDI'I Wlth DEtEEtlD" lelts' {g, -)
L|m|t Of DeteCt|On prOblemS_ The Detection Limits column property .

defines bounds beyond which the
response cannot be measured. You can
use this property to specify a censored

Specrfy them us|ng the response in either the Distribution or 4 = Distribution Profiler
Generalized Regression platform. . . . .
“Detection Limits” column Remove ower Detoction Limit ; Since we are doing estimation T
oroperty. Jpper Detection Limit ' properly, our inferences and . o
. . E 0.162333 (e
estimates will be much more 8 [0.124856,
S 0.206503] 04
o o trustworthy. = |
The Detection Limits column property ensures that the Distribution 0.2
. . Parameter Estimate Lower 95% Upper 95% 0
platform does estimation properly. location  p 9.8973527 97805334  10.012028 L S S P S
Dispersion o 09111747 0827998  1.0090508 o 1_9 - T
. 4 CDF Plot Y
H :Q. I . 1.0 P
f;__:,?-;':""?ﬂ — Continuous Fit ' Fit Normal
v / Note: not all distributions in the Remove Fit Exponentia
L o 7 | 1 il Fit Gamma
, . 3 06 / platform can accommodate 16 p—
~— £ / limits of detection. ! e
9 10 11 12 13 O 04 V4 Rows 18
7 | rows 250 1 Fit Beta
4 Compare Distributions . rd b "
Show Distribution AlCc ~ BIC -2*Loglikelihood 0.2 /#
Normal 647.78201 654.77635 643.73343 . .
4 = Fitted Normal Distribution with Detection Limits (9, .) 0 If yOu have JMP PFO, the Genera“ZEd RegFESSIOn plathrm aISO
Parameter Estimate 5td Error Lower 95% Upper 95% . . . .
location  p 9.8973527 0.0587611 97805334  10.012028 J 10 11 12 recognilzes the Detection Limits column property.

Dispersion o 09111741 0.0459224 0.827998  1.0090508 L



Limits of Detection and Capability

Let’s say that we are manufacturing a new drug and

need to measure the amount of an impurity.

We have an Upper Spec Limit of 2.5 mg
and a Lower Detection Limit of 1.0 mg.

Specify these limits with column properties.

Column Properties «

Column Properties «

Impurity
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Limits of Detection and Capability

4 = Process Capability

4 = Impurity(Lognormal with Detection Limits (1, .)) Capability

Nonnormal capability indices calculated with the Percentiles method.

4 = Histogram

UsL

™
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Density
- - == Ovyerall

STATISTICAL
DISCOVERY

LT
Spec Limits Spec Limits Detection Limits "‘ ----- _‘
Detection Limits Spec Limits are specification limits that The Detection Limits column property —
are used in various platforms such as defines bounds beyond which the 1.0 1.5 2.0 2.5 3.0
Process Capability, Distribution, and response cannot be measured. You can Impurity
Process Screening. Click below to key in use this property 1o specify a censored
values. response in erther the Distribution or 4 Overall Sigma Capability 4 Parameter Estimates
. Generalized Regression platform.
Remove Lower Spec Limit Remove S Index Estimate Parameter Estimate
Target | Lower DE’[EC’[I_DH LI_I'r"II_’[ 1 ok s ol 0015051
S sE = Jpperbetectontimt F'Eu 0546 Shape 04466259
4 Nonconformance
Expected
Displays a histogram and univanate statistics foreach vanable. S sleoeo bl el
Above USL 2.0000 1.8522
Select Columns Cast Selected Columns into Roles Action Total Out=ide 2 0000 18522
Now we can launch *)1 Columns ¥ Cotumnd |- Impurity oK
Distribution like usual and it Weight || optional numeric Cancel Because of the column property, we automatically do estimation
. +/| Create Process Capability Fre optional numeric -
will know what to do. 9 |[optond respecting the LOD.
Histograms Only By optionat Remove
Recall

Help Most important: our Ppk is .546. Not too great.
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Limits of Detection and Capability Summary

What if we had done our capability analysis ignoring the LOD? It is important to recognize when our data feature a Limit of Detection.

A = Process Capability . o . . . o
4 = Impurity(Lognormal) Capability lgnoring these limits leads to misleading fits and bad decisions.

MNonnormal capability indices calculated with the Percentiles method.

4 = Histogram

- In our example, ignoring a lower detection limit led to
N «+-+Overal 1. Biased estimates for our lognormal fit
2. Ppk estimate that was twice as big as it should be

- -
- L)
& il |

But in JMP 17, Distribution makes it easy to avoid these pitfalls.

1.0 1.5 2.0 2.5 3.0

impurity e Specifying the Detection Limit column property tells Distribution

4 Overall Sigma Capability <4 Parameter Estimates eve rythlng that it needs to know.

Index Estimate Parameter Estimate

Ppk 1.011 Scale 0.176746 . .

ot 101 Shape 02446504  Works for Upper and Lower limits, as well as both.
4 Nonconformance

A » Six different distributions support Limit of Detection.

Above USL 2.0000 0.1252

Total Qutside 2.0000 0.1252

* The same column property works with the Generalized Regression

i |
Now our Ppkis 1.011! platform.

We don’t have good estimates of our distribution parameters, so we
cannot trust calculations like Ppk.



