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Overview
• Measurement and measurement scales
• Validity: brief history & mantra
• Scale content: importance & guidance 
• Current issues being debated
• Attempt to answer Bob Temple’s questions

– Back to the future
• What’s really the problem? 

• An exemplar to aspire to

– Examples of statistical assistance for CV 

• Conclusions
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Importance of measurement & “scales”

-------------------------------------------- -----------------------------

PATIENTS

pre-treatment

46.5 (14.6) 

post-treatment 

34.0 (21.1)

pre-treatment

44.8 (14.8)

post-treatment

36.1 (20.6)

P = 0.045

Statistical tests are applied to the numbers generated by scales
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Validity

• “the extent to which an instrument measures 

what (the thing) it purports to measure”

• “beguilingly simple”
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A brief history of “validity”
1921 – Term first appears (15yrs post reliability)

1954/55/66/74/85 – APA/AERA/NCME: face, content, criterion, 

construct

1955 – Construct validity in psychological tests (Cronbach & 

Meehl)

1959 – Convergent and discriminant validation by the multi-method 

multi-trait matrix (Campbell & Fiske)

1960 – Explosion of types of validity (“over 100 types”)

1999 – Implosion of types of validity (APA “validity one concept”)

The mantra… “a building of evidence”
Content Face

Correlations
Group differences

Hypothesis testing
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Scale content and content validity
• Importance
• Methods: pre 2006
• A line in the sand
• Advances since 2006…..
• ….and their limitations
• Areas of current debate
• Issues for the future

Walking ability
(better) (worse)

Importance of scale content is obvious…
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Cognitive performance
(better) (worse)

..& irrespective of PRO, CRO, ObsRO

…but can be difficult to demonstrate
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PATIENTS

pre-treatment

46.5 (14.6) 

post-treatment 

34.0 (21.1)

pre-treatment

44.8 (14.8)

post-treatment

36.1 (20.6)

P = 0.045

Statistical tests are applied to the numbers generated by scales
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Content validity: methods pre 2006

• Simplistic
• Representative of the domain of interest
• Item generation from qualitative work
• Limited (minimal?) guidance…
• …the result was (is)

Imbalance in validity testing

• “Qualitative” tests 
of validity

• Face validity
• Content validity

• “Quantitative” tests 
of validity

• Criterion validity
• Construct validity

– Convergent / 
discriminant

– Group differences
– Hypothesis testing
– Etc……
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Some curious scale development
• Top down rather than bottom up:

– Item pool generation
– Factor analysis to define scales
– Statistical analysis and modification of scales
– Scales named by their statistically driven content

– hence….. Scales with clinically curious item content

A “FATIGUE” SCALE
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A “MOBILITY” SCALE

Then: A line in the sand…..
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….and content validity suddenly 
becomes a hot topic

• Stimulated debate
• Exposed limitations
• Methodological development
• 2 examples: position paper; guidance
• Transition period with shifting sands

(NB: value of FDA 2009 doc under-appreciated)
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Recommendations of Magasi et al.
• The adoption of a consensus definition of 

content validity;
• The development of content validity guidelines;
• Generalizability be assessed by empirical 

research;
• The use of generic measures as the foundation 

for PRO assessment in clinical trials.
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5 good practice steps:
1. Determine the context of use
2. Develop protocol for qualitative concept elicitation & analysis 
3. Conduct the CE interviews & focus groups
4. Analyze qualitative data
5. Document concept development & elicitation methods & results

5 good practice steps:
1. Create draft instrument from findings of concept elicitation
2. Design cognitive interview process to document content validity 

for the planned context of use
3. Conduct cognitive interviews
4. Revise PRO instrument accordingly
5. Document cognitive interview results for evaluation of content 

validity
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Some specific debates
• Definitions of content validity
• The role of statistical tests
• Precedence:

– Qualitative / quantitative ?
– Patients or experts?

• Which qualitative method ?
– Phenom.; grounded theory; critical social theory

• Which quantitative method (CTT, IRT, Rasch mt) ?
• How much validation is required ?
• What happens when important items don’t “work” ?
• Disease specific or domain specific ?
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Proposed definition (Magasi et al.)

• Reminiscent of SS Stevens 1946 defn measurement
– “assignment of numbers according to rule”

• Not clear how this definition of content validity might 
be tested and, more importantly, falsified

Using quantitative (statistical) methods 
in content validity testing (Magasi et al.)
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Using quantitative (statistical) methods 
in content validity testing (Patrick et al.)

BUT….
Empirical issues requiring explicit study

These debates likely to continue until we have 
explicit objective methods of testing / 
disproving “validity”

Why ?……
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Walking ability
(better) (worse)

A scale is an hypothesis….

MSWS-12 is an hypothesis of how walking 

ability could be measured

Walking ability
(better) (worse)

A scale is an hypothesis….

MSWS-12 is an hypothesis of how walking 

ability could be measured
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Walking ability
(better) (worse)

..wrestling with two major uncertainties

What is the definition of the variable ?

How is it best articulated with “words” ?

Walking ability
(better) (worse)

clinical implications of uncertainty

Scale construction is….

an iterative on-going process of 

hypothesis generation, testing, and 

revision requiring all the help we can 

get from available methods 
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1       2       3       4       5       6       7       8       9      10       11      12

Testable ways 
of linking the 
numbers to 

measurements

Testable ways 
of linking the 
items to the 

variable

Cognitive performance

The Nubbins…

Implications for scale 
development and evaluation

• Hypothesis testing approach

• Experimental paradigm

• Careful about “statistical modelling” paradigms
– Changing model to fit data (explaining data)
– Changing data to fit model (manipulating data)

• Investigation of anomalies
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An issue raised 30 yrs ago

The real problem….
• Validity methods currently used don’t answer the 

question:

• “the extent to which an instrument measures what it 
purports to measure”

• Circumstantial evidence only

• Root of problem: Data-driven not theory-driven

Review and Qualification of Clinical 
Outcome Assessments; Public Workshop 
October 19, 2011-- White Oak



A Solution for the future

1) Theory-driven measurement

2) Formal methods to test theories

Developing a Construct Theory

• What is the ‘something’ that causes variation?

• Construct definition seeks to test theories about this 
‘something’, thereby specifying the meaning of a 
construct
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An exemplar

• Stenner, Smith & Burdick (1983)

• 25+ years of work in education

The Lexile Scale for reading ability

Reader Ability

Text Difficulty
less more

Which intrinsic features of text make 
one passage more difficult for a 

person to comprehend than another?
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SyntaxSemantics

Word frequency Sentence length

Text Readability

Components

Predictors

Many years and ≈50 variables later…

Construct specification equation: 
links theory to observation

Reader Ability

Text Difficulty
less more

Text difficulty = (a x LMSL) - (b x MLWF) - c
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r  =  0.952

r” =  0.960

R2” = 0.921

RMSE” = 99.8L

Plot of Theoretical Text Complexity versus Empirical 
Text Complexity for 475 articles

Yes, but applicability to health measurement?

• Can these principles be applied to health

• For example, measurement of upper limb functioning

• Stage 1 develop a construct theory
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A Construct Theory  

• Identify motor components of tasks that
characterise upper limb functioning

• Examine items and identify characteristics 
that account for variance in task difficulties 

• Devise method to test theory against 
observation

Selected Items from an ULF Scale (easiest to most difficult)
Code Statement Location Rank Order

IB_33 Take off specs                3.21 1 1

IB_32 Put on specs                  3.192 2 2

IB_4 Blow nose                     2.798 3 3

IB112 Crumple paper                 2.48 8 4

IB133 Turn on TV                    1.994 16 5

IB114 Stick stamp                   1.579 21 6

IB147 Turn door handle              0.939 38 7

IB_58 Butter slice of bread         0.56 56 8

IB_54 Unwrap sweet                  0.546 58 9

IB154 Insert plug                   0.042 79 10

IB_65 Open crisps                   0.025 81 11

IB113 Wrap up gift                  -0.564 108 12

IB_67 Peel fruit                    -0.611 110 13

IB_77 Open tin with ringpull        -1.019 127 14

IB163 Use light weights             -1.552 144 15

IB_41 Put in earrings               -1.611 146 16

IB158 Hammer nail                   -1.982 155 17

IB_34 Fasten necklace               -2.581 158 18

IB104 Thread needle                 -2.767 162 19

IB156 Place object on shelf         -2.925 163 20

IB164 Use heavy weights             -3.403 164 21
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Upper Limb Function

Which intrinsic features of upper limb tasks make one task 
more difficult for a person to perform than another?

more less
Person Ability

Task 
Complexity
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Some examples to address 
Bob Temple’s questions

Walking ability
(better) (worse)

Items are used as indicators of variables
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Rasch analysis

Rasch analysis of the DASH
Cano, Barrett, Zajicek, Hobart

Multiple Sclerosis 2011

+ resulting correspondence
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Conclusions
• Not easy. Shifting sands. I empathise 
• Scale content determines what is measured (validity)
• Importance of validity: can’t settle for weak science
• FDA guidance: line in sand and stimulus to field
• Guidance, esp. Patrick et al. important
• Do advances tell us what we are measuring ?
• Need definitions & testable theories for “constructs”
• [Also need for empirical work into what to measure]
• Change paradigm: A scale is just an hypothesis
• Some things may not be “measureable”
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