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… all models are approximations.

Essentially, all models are wrong, but some are useful.

However, the approximate nature of the model must

always be borne in mind…. 

George Box, 1987
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Outcomes from a statistical model: estimates

Point estimate: e.g. mean

Variance of the estimate

Variance of the estimate standard uncertainty
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Main statistical model used in ISTA: linear                     effects model

fixed

random

mixed

(Example: ANalysis Of VAriance model: linear fixed effects model)
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Examples of use of the linear                     effects model in ISTA

fixed

random

mixed

1. Germination Proficiency Tests:

Ratings are based on z-scores:

𝑧𝑖 =
𝑥𝑖 − 𝑚

ො𝜎𝑅

The denominator of the z-scores can be

viewed as the reproducibility standard

deviation estimated from a linear random

effects model:
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Examples of use of the linear                     effects model in ISTA

fixed

random

mixed

2. Analysis of germination Method Validation studies:
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Examples of use of the linear                     effects model in ISTA

fixed

random

mixed

2. Analysis of germination Method Validation studies:

Assessing repeatability/reproducibility for each method:
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Examples of use of the linear                     effects model in ISTA

fixed

random

mixed

2. Analysis of germination Method Validation studies:

Comparing Method, Lot, and Method x Lot means:

→ ANOVA table for the fixed effects (Method, Lot and Method x Lot)

→ Least Squares (LS) Means comparisons

Fit the linear

mixed effects model:
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Examples of use of the linear                     effects model in ISTA

fixed

random

mixed

2. Analysis of germination Method Validation studies:

Given that germination percentages have a binomial distribution, one could ask 

why are we not using Generalized Linear Mixed effects Model (GLMM) for the analysis?

→ Output from different GLMM algorithms (e.g. the ones implemented in SAS GLIMMIX

procedure, in glmmPQL() from MASS R package, glmer() from lme4 R package, …) have been

compared: they provide estimates that can be very different

→ When fitting a GLMMM, it is assumed that the random effects on the 

linear predictor scale are normally distributed: interpretation is not

obvious as well as the transformation back to the data scale

→ Literature review : ISO organization has no specific recommendation,

few approaches found are not convincing

Best approach is to use a Linear Mixed effects Model (LMM)
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Other statistical models based on probability distributions

1. Modeling over-dispersion for non-commercial seed lots (e.g. wild species)

Bernoulli variable
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Other statistical models based on probability distributions

2. Group testing estimator

Derived from the distribution of the number of 

positive groups:
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Other statistical models based on probability distributions

3. Volume subsampling

Concentration

c
Volume

v

subsampling

number of    

in the 

subsample is

Poisson(cv)

Poissonization theorem

for multinomials:
unconditionally, number

of copies Xi for seed i
is Poisson(l /n)

and Xi are independent

Unconditionally, 

X is

Binomial(𝑘, 𝑒− Τ𝜃 𝑘) 

Simpler

distributions!

𝑃 𝑋 = 𝑥|𝑀 = 𝑚 =
𝑘
𝑥

σ𝑖=0
𝑘−𝑥 −1 𝑖 𝑘 − 𝑥

𝑖
1 −

𝑥+𝑖

𝑘

𝑚

number X of empty partitions

given M  = m has a

distribution with pmf:

number of copies from

each seed given a total

T = t of copies is

Multinomial(t, 1/n,…, 1/n)

Max 

group

size

dPCR

Total # of copies

T ~ Poisson(l)

# of copies

M ~ Poisson(q)



Fo l l o w  u s  o n  s o c i a l  m e d i a :

Thank you!
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