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Measurements

 Measurements are critical in clinical practice and in 
research

 Eligibility criteria

 Exposures 

 Outcomes 

 Choice of outcome affects whole study 
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Attributes of a measurement 

 How easy are measurements to make?

 How important is it to have measurements? 

 How important is it to have good measurements? 

 What is a “good” measurement?

– How do we know when we have one? 

 What do we do with the measurements?
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What do we measure? 
… and how easy is it to measure?

 Weight

 Height

 Length of newborn baby

 Blood pressure

 Serum cholesterol 

 Fetal abdominal 
circumference  

 Brain volume

 Stenosis of an artery  

 Time to walk 100 metres

 Depression

 Fatigue

 Pain

 Diet

 Quality of life
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Factors that can affect 
measurements 

 Quantity being measured varies 

– e.g. blood pressure, ejection fraction 

 The operator

– Skill/experience

– Technique

 Equipment

– Within-machine error

– Between-machine variation 

 Ambient factors, e.g. temperature

 Patient’s behaviour (e.g. recent diet, exercise)

 Digit preference

 Knowledge (e.g. clinical history, previous measurement) 
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6[Broad et al, Br J Gen Pract 2007]
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 “A visually estimated stenosis of 70% or greater is 
considered hemodynamically significant, and is a 
generally accepted indication for percutaneous 
intervention. Unfortunately, visual estimation of 
the severity of stenosis has a high degree of 
interobserver variability and compares poorly with 
quantitative methods of lesion assessment.”

[http://www.medscape.org/viewarticle/588519_4]
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Artery stenosis
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Visual estimation of peripheral arterial angiographic 
stenosis compared with quantitative angiographic 
stenosis (Toshiba)
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Arnberg et al, J Psychosom Res 2013



12

What does it all mean?

 Measurements are not necessarily true

 They depend not only on the thing being measured 
but also on:

– the observer

– The equipment 

– chance, measurement error

– mistakes

 Observers must be trained

 “Data” = “those which are given”, 
not “that which is true”
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Validity of measurement scales

 The ideal measurement instrument:

– measures what we want it to measure

– measures with low bias

– measures with low random error

 How do we know it does this?

 Repeat measurements will vary

 Measurements by different instruments will vary

 Measurements by different observers will vary
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% body area covered by eczema

Six observers, six participants:

What are the problems here?

What could we do?

Observer 

Participant

1 2 3 4 5 6 

Nurse 1 5 63 4.5 18.5 3.5 2

Nurse 2 65 40 10 15 16 6

Registrar 1 30 60 5 20 10 2 

Registrar 2 45.9 100 4.2 62.4 28.5 2.8 

Consultant 1 7 13 0.3 5 6.5 0.4 

Consultant 2 9.5 75 4.4 3 12.8 13.7
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Types of measurement 

 Real measurements (by humans or machines)

– Blood pressure

– Biochemistry, e.g. serum cholesterol 

– Fetal head circumference (ultrasound)

 Subjective measurements

– Pain (visual analogue scale)

– Scales for quality of life, depression, etc (questionnaires)

 Surrogate measurements

– Easier and cheaper to measure than the real thing 

• blood pressure and lipids rather than stroke, MI, death

• dietary recall vs diary vs weighed food intake
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Strategies for reducing error

1. Standardising the measurement methods

2. Training and certifying the observer

3. Refining the instrument

4. Repeating the measurement 

5. Blinding to previous measurements or other 
variables  

6. Blinding to study hypothesis 
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Measuring exposure 

 Smoking / Diet  / Radiation exposure / …

 Current or lifetime? 

 Use objective records rather than subjective 
measures if possible

 Standardise questionnaire

 Use measures of exposure taken before the 
outcome occurred

– Or blind the investigator to the outcome status of the patient

 Don’t categorise continuous measures
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Measuring outcome 

 Choice of outcome variable 

– Affects sample size 

 Keep continuous variables as continuous

– BMI rather than obesity (BMI>30)

– Change in pain score rather than whether 50% improvement

 Trade-off between hard measurements (e.g. 
biochemical measurements) and softer patient 
reported outcomes affecting quality of life
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Too much choice of outcomes 

Review of 10000 RCTs in schizophrenia (≤ 2008)

[Miyar and Adams, Schizophrenia Bull 2012]

 1940 different interventions 

 2194 different rating scales!
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Core Outcome Measures in Effectiveness 
Trials

www.comet-initiative.org


