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http://abemkemet.blogspot.com/2012/06/ruler-for-ruler.html

http://abemkemet.blogspot.com/2012/06/ruler-for-ruler.html


3https://en.wikipedia.org/wiki/Foot_(unit)

Jakob Köbel (1460 - 1533) - Geometrei. Von 
künstlichem Feldmessen und absehen (published first 
in 1535 or 1536, reprinted in 1608.[1])

Stand at the door of a church 
on a Sunday and bid 16 men 
to stop, tall ones and small 
ones, as they happen to pass 
out when the service is 
finished; then make them put 
their left feet one behind the 
other, and the length thus 
obtained shall be a right and 
lawful rood to measure and 
survey the land with, and the 
16th part of it shall be the right 
and lawful foot.

https://en.wikipedia.org/wiki/Foot_(unit)
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1983
The meter is defined as 
the length of the path 
travelled by light in a 
vacuum in 1/299,792,458 
of a second
https://en.wikipedia.org/wiki/Metre

c = speed of light in a vacuum
c = 299,792,458 m/s

https://www.ligo.org/science/Publication-SqueezedVacuum/index.php

https://en.wikipedia.org/wiki/Metre
https://www.ligo.org/science/Publication-SqueezedVacuum/index.php
https://www.ligo.org/science/Publication-SqueezedVacuum/index.php
https://www.ligo.org/science/Publication-SqueezedVacuum/index.php
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Measurements are developed to 
address a specific practical 
need.
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Measurements are refined as the 
need arises (e.g., for greater 
precision arises), often in the 
context of some new use.
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Refinement of measures is linked 
with technological development.



8https://andrewgelman.com/2015/04/28/whats-important-thing-statistics-thats-not-textbooks/

The #1 neglected 
topic in statistics is 
measurement

- Andrew Gelman

https://andrewgelman.com/2015/04/28/whats-important-thing-statistics-thats-not-textbooks/
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12Janssens A. 2019 Human Molecular Genetics, https://doi.org/10.1093/hmg/ddz205

https://doi.org/10.1093/hmg/ddz205
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McArdle, J., & Prescott, C. 
(1992). Age-based construct 
validation using structural 
equation modeling. 
Experimental Aging Research, 
18(3), 87-116. 
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Reliability How well do we measure the 
thing?

Validity How well do our measurements 
the thing we measure map on to 
the construct we want to 
measure?
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Outline

Reliability ...

1. Concept
2. Basics
3. Implications
4. Paradox
5. Optimizing

https://www.frontiersin.org/articles/10.3389/fnhum.2011.00002/full

https://www.frontiersin.org/articles/10.3389/fnhum.2011.00002/full


Concept: Reliability
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https://www.scienceforsport.com/reliability/

https://www.scienceforsport.com/reliability/
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https://en.wikipedia.org/wiki/Reliability_(statistics)

https://en.wikipedia.org/wiki/Reliability_(statistics)
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Basics
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Classical test theory 
notion of reliability

Observed test score is a function of a 
true score and (random) error

The true score is the score that would 
be obtained on an arbitrarily large 
number of repeated assessments 
under identical conditions

A test score reliability is the fraction of 
the variance in the test score that is 
attributable to the true score

Since we don’t observe test scores 
under an arbitrary large number of 
repeated observations, we have to do 
some tricks to get an estimate of 
reliability
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Classical test theory 
notion of reliability
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Implications
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Reliability standards
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Study design: sample size
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Sample size

Lehr’s equation - number needed per group (n) 
to detect a standardized effect size (d) with type-
I error level of 5% and type-II error level of 20% 
(16)

If d = .5 , n = 64
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Imagine you are planning a study
You have a treatment that can produce a 0.5 SD difference in the means of the 
true score across treated and non-treated participants (d = 0.5)

You have a measure of the outcome that is perfectly reliable (REL = 1.0)

How many people do you need to randomize per group to have 80% power with a 
two sided type-I error level of 5%

If 
d = .5 , r = .7

then
n = 92
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Reliability
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Clinical work
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Imagine you are a clinician: a geriatrician (1)
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1. You want to identify older adults who would be unsafe drivers because of 
cognitive impairment, using a test of mental status 

2. You decide that adults in the worst quintile of true cognitive status would be 
unsafe drivers

3. You want to make the right decision 9 times out of 10

How reliable does your test have to be?



Imagine you are a clinician: a geriatrician (2)
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Answer:

If you consider “true positive” and “true negatives” as correct 
decisions (i.e., you would like a “hit rate” of 90%), you need a 
reliability of .8

The PPV when reliability  = .8 is about 75%



Imagine you are a clinician: a geriatrician (3)
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Answer:

If you only consider “true positive” as correct decisions (i.e., 
you would like a positive predictive value of 90%), you need a 
reliability of .97 (!)

The PPV when reliability  = .8 is about 75%



● Standards for reliability depend on lots of things

● In research, highly reliable measures can improve power

● In clinical settings, highly reliable measures are the 
foundation of good clinical practice

MAJOR MESSAGE
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Paradox
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The real message behind the Attenuation Paradox is: the CTT notion of 
reliability is limited, and, wrong. Should use item response theory (IRT) 
instead.



Optimizing
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How to optimize reliability of measures
1. Use rigorously designed and validated measures (c.f., COSMIN)

○ Be critical and skeptical in your review of literature. Look out for
■ “Bloated specific” measures that sacrifice fidelity for bandwidth
■ Forms pruned with “alpha if item deleted”

○ Pilot test instruments in samples from your target population
2. Resist the urge to use fixed short forms
3. Satisfy the urge to use short forms with Computerized Adaptive Tests
4. Staff training and continual quality assessment in conducting research
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Assessment of Instruments 
for Measurement of Delirium 
Severity: A Systematic Review
Jones RN et al. JAMA Intern Med. 
2019:179(2);231-239
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https://www.ncbi.nlm.nih.gov/m/pubm
ed/27792962/

https://www.ncbi.nlm.nih.gov/m/pubmed/27792962/
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Discussion and 
questions
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