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A possible heuristic way to look at the G×L correction:

• Random lab model may be written as

yg`i = µg + a` + bg` + εg`i ,

where last three terms are mutually independent
and normally distributed.

• Thus

Var(Ȳg1 − Ȳg2 ) = E
[
Var(Ȳg1 − Ȳg2 )|L

]
︸ ︷︷ ︸

σ2
ε

(
1

n1
+ 1

n2

)
+ Var

[
E(Ȳg1 − Ȳg2 )|L

]
︸ ︷︷ ︸

2σ2
G×L

• Denominator of test statistic (two-sample t-statistic)
is square root of an estimate of the first term;
but should be square root of an estimate of the whole thing.
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Don’t reject Reject
Null true TN FP

(1− α) (type I, α)
Null false FN TP

(type II, β) (1− β)

• Where do replicability and the “type I replicability error” of
Jaljuli et al. (2023) fit into this scheme?
• Significant < replicable < true?
• Can above 2× 2 model be extended to a 2× 3 table?

a 3× 2 table?
a 2× 2× 2 array?
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On questionable random effect assumptions. . .

One might argue that it would be well to restrict the calculation of an
indication of instability “as if so-and-so were random” to those cases where
so-and-so was indeed random. The writers believe this position often leads to
artificially lowered estimates of instability because of the exclusion of sources
of variability that were sampled, though perhaps not very randomly or
completely. Consequently, we encourage treating effects as randomly
sampled in many circumstances where the randomness is at best dubious.

Mosteller and Tukey (1977), p. 124
— in chapter 7 (“Hunting out the real uncertainty”) of “the green book”

In spline smoothing, much more dubious random effect assumptions serve as
a “convenient fiction” that usefully recasts smoothing parameter selection as
a mixed model problem (Ruppert et al., 2003; Wood, 2011).
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From reliability to generalizability
(and what it has to do with design)

A highly idiosyncratic history:
• Spearman (1910): reliability coefficient
• Formulated as “intraclass correlation coefficient” (Fisher, 1936)
• Classical test theory (Lord and Novick, 1968; Fleiss, 1986): true score

model X = T + e with T , e random, ICC defined as ρ =
σ2

T
σ2

T +σ2
e

• As models multiplied, so did ICC’s (Shrout and Fleiss, 1979)
• In response to inadequacy of the true score model, Cronbach et al.

(1963) proposed generalizability theory, which emphasizes study
design (next slide)

• Developments by Patterson and Thompson (1971), Laird and Ware
(1982), Pinheiro and Bates (2000) made mixed-effects models routine
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Generalization theory in a nutshell:

• Focuses on variance components (“multifacet”) models such as

ypij = µ+ ap + bi + cpi + εpij

where ap is random person effect, bi is random item effect, cpi is
random interaction effect (but some effects can be fixed).

• Generalization coefficient, like ICC, is a ratio of part to whole
variance, but defined in terms of the “universe of scores” we
wish to generalize to.

• An initial “G study”, to estimate variance components (in above
case, σ2

p , σ
2
i , σ

2
pi ), informs design of “D study” upon which

decisions are based.
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“Experimenters” versus “students of measurement”

From the intro to a classic text on generalizability theory
(Cronbach et al., 1972):

The tester’s neglect of multifacet analysis probably reflects the fact that the
design of experiments branched off as a specialty in itself, with the
consequence that advances in variance analysis were not brought forcefully
to the attention of students of behavioral measurement. The separation was
encouraged by the fact that experimenters characteristically regard subjects
(persons) as a source of “error” in their analyses, whereas the tester is
interested chiefly in the person tested and only secondarily in the conditions
of observation. Methodological statements directed to experimenters do not
communicate well to students of measurement.
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About fifteen years ago I was involved in early studies of
functional connectivity in the human brain, as inferred from
functional magnetic resonance imaging:

Questions were raised about reliability (and hence
reproducibility and generalizability) of findings.
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One contribution (Xu et al., 2021):
redefining ICC in terms of distances among observations.
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My former colleagues sought to address the issue via data sharing
(http://fcon_1000.projects.nitrc.org/indi/CoRR/html/)

13 / 20

http://fcon_1000.projects.nitrc.org/indi/CoRR/html/


YB DMS Generalized generalizability Synthesis References

14 / 20



YB DMS Generalized generalizability Synthesis References

A key paragraph from Bridgeford et al. (2021):
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