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IRT or Rasch – what can and cannot 
be done? 
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How many dots?
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Man as Measurement Instrument: Counting
’M dots’

http://itre.cis.upenn.edu/~myl/CommuniqueMundurucuENG.pdf

www.sciencemag.org SCIENCE VOL 320 30 MAY 2008
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Measuring Man:
- Status, function of person
- Test against specifications

Man as Measurement Instrument:
- Perception of product/service 
function, comfort etc
- Propose improvements in product

Man as Measurement Instrument

ISBN 978-1-84872-939-1 (Hardback)
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• Man as Measurement Instrument

IRT or Rasch – what can and cannot be done? 

• Quality-assured measurement

• Logistic ruling & counted fractions

• Classical test theory or Rasch?

• Uncertainty & bias in measurement systems

• Aquiescence and Construct Alleys

• Rasch or 3PL IRT?
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Quality-assured measurement
Metrology

kg

m

?

• Uncertainty ó Risks

• Traceability ó Comparability, Interoperability
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An (un)reasonable difference? Potential causes of 
variation:
• Disease prevalence
• How physicians diagnose
• How data coders interpret 

diagnoses
• ….
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Quality-assured categorical
measurement

”Satisfaction”
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W P Fisher Jr. 1999

)Difficulty(d
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Metrological
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Physical disability
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Different scales of measurement

6321 »++

http://www.123rf.com

’Counted fractions’
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Tukey [Chapter 8, Data analysis and behavioural science; quoted in “The collected works of John A Tukey, Volume III, Philosophy and 
principles of data analysis: 1949 – 1964”, ed. L V Jones, Univ. North Carolina, Chapel Hill

Counted fractions

”Beware of attempts to interpret correlations between ratios
whose numerators and demoninators contain common parts” 

[Pearson 1897]
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Relative-number problems:
• Counting (sheep & goats)
• How many affected at this dose
• How many of the pebbles are quartz…

jX

jX 6321 »++
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Logistic ruling
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’Counted fractions’
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Counted fractions (Rasch)

!% = $%
∑' $'

; ∑( !(=100% 

)*+,,-** =
./01

1 + ./01
4 − 6789:;<.79 =.:8>7 ?@6A69B

C − >@D.E9 9?8F G6HH6E;A9B

! = )*+,,-**, :.8=>78.
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Rasch (1961)

Measuring Peopleθ = person ability

δ = object difficulty

!"# $%&''(%%
1 − $%&''(%%

= , − -

Very
difficult

Very
easy

Difficult Easy
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Most 
able

Least
able

Most 
difficult

Least
difficult

! "#$%$&'
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Physical disability
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My 
health?

Quality-assured measurement

Cognitive ability?

0,8 units � 0,2 units

Object: Health

Person-centred care (PCC)
• Focus on health (not 

illness)
• People partners in care
• More symptoms
• Impact on Activities of

Daily Living
• Subjective & perceptive
• …
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L R Pendrill 2014, "Man as a Measurement Instrument". 
NCSLI Measure J. Meas. Sci., 9: 24 – 35. 
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Possible way forward equally applicable to both 
physical and social measurement

Decision 
risks

Confidence
interval

1.234 (± 0.012) m

Object
value

1.234 m

”Vagueness”
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Physics & engineering Social sciences
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Social sciences
• Rating scales, questionnaires, ability tests,…

‘Instruments’ 

Physics and engineering
• Rulers,voltmeters, LIGO,…

Measuring instrument: “device used for making measurements, alone or in conjunction with one or more supplementary devices” (§3.1 VIM)
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‘Instruments’ 

Social sciences
• Rating scales, questionnaires, ability tests,…

‘Instruments’ 

https://minet3repository.wordpress.com/measurement-domains/measurement-concepts-terminology/measurement-concepts-terminology-books/
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Man as Measurement Instrument

http://www.cartage.org.lb/en/themes/arts/drawings/Silhouettes/CreatingMe/monet1.jpg

Monet
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Uncertainty Bias
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Measurement systems

Metrology.wordpress.com

K-D Sommer & M Kochsiek 2002
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“Measurement value”:
≠ indication of response of measurement system 

= restituted value.

zR – restituted value (measurement result)
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Balance as Measurement Instrument - Sensitivity (K), bias (b)

R = K·S + ”additional terms”

Stimulus (S): Mass of weight

Response (R): 

Mass of weight x 
Balance sensitivity

Calibration
Rcal = Kcal·Scal + b

Measurement systems

Measurand ’restitution’, ! = #$%
&'()

R

K
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Measurement systems
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Measurement systems
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Measurement systems

O = K·I + N(I) + KM·IM·I + Ki·Ii + b
Sensitivity = K; Non-linearity = N(I); bias = b

Modifying disturbance = IM, with sensitivity = KM; Interfering 

disturbance = Ii, with sensitivity = Ki.
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Accuracy (precision): !"#$%& = !(#& = )(#
)"#

&
* !"#& +

)(#
)",#

&
* !",#

& + ⋯

Signal 
processing

Signal 
conditionningSensing Data 

presentationI O

Accuracy (trueness) 
= measured value – true value 
= system output – system input, ./ − ./12= ./ − 3/

Measurement systems
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!"#$% 1: ()*+ = !-*++).)/*%)"$ − 1/%#*- = +0,5(6) 9 :

!"#$% 9: ()*+ = !-*++).)/*%)"$ − 1/%#*- = −1,7(6) 9 :

!"#$% 10: ()*+ = !-*++).)/*%)"$ − 1/%#*- = 3,1(8) 9 :

? @ AB = C
DEF

G
H @D AB 9 @D

I

Expected response:

http://itre.cis.upenn.edu/~myl/CommuniqueMundurucuENG.pdf
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Man as Measurement Instrument - Sensitivity (K)

R = K·S + ”additional terms”

Stimulus (S): Task difficulty

)Ability(q

Measurand ’restitution’, S = K-1·R? 

Measurement systems

Response (R): 

Task difficulty x
’Instrument’ sensitivity

!"#$$%"" =
'()*

1 + '()*
- ./00/12345
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Signal 
processing

Signal 
conditionningSensing Data 

presentationI O

Accuracy (decision-making) = 

response categorisation – input (true) categorisation 

Measurement systems
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Binomial classification: 2 categories
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”1” ”2”

1,0....1,2....1,5....1,7...1,9....2,0....2,2.....2,5....2,7...2,9..3,0.... Measure

Classify
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K
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, Pc,k = probability of classification c

when true level is k

pk = a priori probability that true level is k
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Risks of incorrect decisions

Psuccess = 1 - α
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Pr
ob
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ilit

y

å
=

×=
K

k
kckc Ppq

1
,

Pc,k = probability of classification c
when true level is k

pk = a priori probability that true level is k

[ ]+Î= Ryyyy cC,...,, 21y
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For categorical responses, 
measurement system ‘accuracy’ = decision-making ability:

Accuracy (decision-making) =  response categorisation – input (true) categorisation

where !"#$$%""is metric of measurement system performance 

in terms of probability of making ‘correct’ decision.

Pr
ob

ab
ilit

y
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Measurand
(stimulus, S

e.g. task difficulty, δ, uδ)

Response
indication, R
e.g. Psuccess

Restitution
R => S

e.g. Psuccess => δ, uδ
dq -=÷÷

ø

ö
çç
è

æ
- success

success

P
P
1

log

Measurement system analysis

Quantitative Qualitative

L R Pendrill 2018 Meas. Sci. Technol. https://doi.org/10.1088/1361-6501/aa9cd2

https://doi.org/10.1088/1361-6501/aa9cd2
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Required
- epoch
(/Myear)

Measured
- depth (/m)

https://cdn-assets.answersingenesis.org/img/articles/ee/v2/geological-layers.jpg
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Acquiescence

!"#$$%"" =
'()*

1 + '()*

”Agreement regardless of 
item content
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Disacquiescence

!"#$$%"" =
'()*

1 + '()*

”Disagreement regardless
of item content”
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Extreme response bias

!"#$$%"" =
'()*

1 + '()*

”Use scale endpoints
regardless of item content”

Lesliependrill@gmail.com 2019-06-12 PM-Health

46

Middle response bias

!"#$$%"" =
'()*

1 + '()*

”Use scale midpoint
regardless of item content”
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Social desirability bias

!"#$$%"" =
'()*

1 + '()*

”Present oneself in a 
positive way, regardless of 

item content”
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Acquiescence

Disacquiescence

Extreme response bias

Middle response bias

Social desirability bias
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W P Fisher Jr. 1999

)Difficulty(d
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!",$,% =
'∑)*+, -./01,)

∑%23
41 '∑)*+, -./01,)

Score residual, y 5",$ = 6",$ − 8",$

8",$ = 9
%23

41
: ; !",$,%Expected mean, E, of 

response x

Graphs: Test Characteristic Curve

6",$

8",$

5",$
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Workshop
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Activities – patient preferences

Patient Life State

Daily Living Social Interactions RecreationObjectives:

Goals: Cook Daily Meals

Manage Finances

Sleep

Dine out

Entertain Guests

Attend Church

Leisure

Woodworking

Knitting/crochet

Tasks: Read recipes Read menu Read poetry

Cut food See food Watch TV

Vision

• Emotion

• Cognitive

• Motor

IOMW 2014
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• Emotion

• Cognitive

• Motor

IOMW 2014

! − #$%%$&'()*
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54

Acquiescence

!"#$$%"" =
'()*

1 + '()*

”Agreement regardless of 
item content∆. = / 0 .; / < 0
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Acquiesence, τ < 0

Importance
rescaling, τ > 0
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1 - 9

DM1-ActivC scale of 105 items

+2,5 % &−2,5 % &
Myotonic dystrophy type 1

()*+,_./,0_12

3 − 0+**+456,7
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• Emotion

• Cognitive

• Motor

Myotonic dystrophy type 1

δ (logit)
More challenge

Less challenge

Grooming: Care for one’s 
personal appearance, 
hygiene, and clothing

Physical 
ergonomics

DM1-ActivC scale of 105 items

!"#$%_'(%)_*+
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58k = 2

Physical disability
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DIF – differential item functioning

”The symptom of DIF is that a "focal" group does better (or worse) on a particular 
item than a "reference" group, given those groups' performance on the rest of the 
test.”

Y Du, F Yates 1995 “When to adjust for Differential Item Functioning”, Rasch Measurement Transactions, 
9:1, p.414, https://www.rasch.org/rmt/rmt91e.htm
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Measurand
(stimulus, S

e.g. task difficulty, δ, uδ)

Response
indication, R
e.g. Psuccess

Restitution
R => S

e.g. Psuccess => δ, uδ
dq -=÷÷

ø

ö
çç
è

æ
- success

success

P
P
1

log

Measurement system analysis

Quantitative Qualitative

L R Pendrill 2018 Meas. Sci. Technol. https://doi.org/10.1088/1361-6501/aa9cd2

https://doi.org/10.1088/1361-6501/aa9cd2
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! = #$%&''(%%
#) = *+, -./

1 + * -./ + −
* -./

1 + * -./

$%&''(%% =
*-./

1 + *-./

Sensitivity, K
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Decision 
risks

InstrumentObject
value

Response

?

÷÷
ø

ö
çç
è

æ
-

-
=

bb
aa
1

1
P

Task difficulty, δ

Instrument (person) 
ability, θ

dq

dq

a -

-

+
=-=

e
ePsuccess 1

1

0dd =

dedd += 0Bias

0dd ×=D k
Re-scaling
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Fit residual

!"#$$%"" =
'()*

1 + '()*

- = .!"#$$%""
./ = '01 ()*

1 + ' ()* 0 −
' ()*

1 + ' ()*

34,6 = 74,6 − 84,6

9′6 = 96 −
.!"#$$%""
./ 1 ./ − .

0!"#$$%""
./0 1 /

960 = ;
4<=

>?@
34,60

Changed
stimulus

Changed
sensitivity

Response Sensitivity

9′6 = 96 +
.!"#$$%""
.A 1 .A + .

0!"#$$%""
.A0 1 A
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Molton: “Both statistics … require a lot of meditation and incense.  
For useful explanations, refer to: 
http://www.rasch.org/rmt/rmt162f.htm”. 

What do Infit and Outfit, Mean-square and Standardized mean? Linacre JM. … Rasch Measurement 
Transactions, 2002, 16:2 p.878

http://www.rasch.org/rmt/rmt162f.htm
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!" =
2 % & ' − & )*+ − 23

-

.ℎ01 = ' − )*+
2 % )*+ % -

203ℎ45 = 2 % ' − 2 % )*+ − 1
-

- = 2

3 % 7 )*+ − 23
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!"#!$_&'()_*+ =
2 . / 0 −

/
"23 −

2
3

5
5 = 6

7.
8
9:;<

=
/

Molton: “Both statistics … require a lot of meditation and incense.  
For useful explanations, refer to: 
http://www.rasch.org/rmt/rmt162f.htm”. 

0 = >?6 = @
ABC

9:;

DA,?6

FA,?,G =
H∑JKL

M NO<PQ,J

∑GBR
SQ H∑JKL

M NO<PQ,J

Score residual, y DA,? = TA,? − UA,?

UA,? = @
GBR

SQ

V . FA,?,G
Expected mean, E, of 

response x

http://www.rasch.org/rmt/rmt162f.htm
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Fit residual

!"#$$%"" =
'()*

1 + '()*

- =
.!"#$$%""
./

=
'01 ()*

1 + ' ()* 0
−

' ()*

1 + ' ()*

34,6 = 74,6 − 84,6

Response Sensitivity

9:;<=_?@=A_BC =

2 1
E
F −

E
GHI −

2
3

K

L′6,*
0
= L6 −

.!"#$$%""
./

1 ./
0

= L6
0 − 2 1

.!"#$$%""
./

1 ./ 1 L6 +
.!"#$$%""
./

1 ./
0

Changed
stimulus

F = L6
0 = N

4OP

QRS

34,6
0
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Acquiesence, τ < 0

Importance
rescaling, τ > 0
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! " # ; % = !'())*'' =
+ ,-.

1 + + ,-.

Restitution in case of performance metric
response

12 = 3 = 4 − 6 = 789 !'())*''
1 − !'())*''

Response, y, 

from object A 
(attributes θ, δ)

Restituted entity
quantity, zR, 

of object A 
(attributes θ, δ)
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! " # ; % = !'())*'' = + + (1 − +) 1 231 456
1 + 231 456

Restitution in case of performance metric
response

78 = 9 = : − ; = <=>
!'())*''
1 − + − +

1 − !'())*''1 − + − +
− <=> ?

Response, y, 

from object A 
(attributes θ, δ)

via instrument
(attributes b, ρ)

Restituted entity
quantity, zR, 

of object A 
(attributes θ, δ)

via instrument
(attributes b, ρ)

3PL
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Rasch v 2PL

1 23

http://hosted.jalt.org/test/sic_5.htm

No scale!

Discrimination, ρ

2"#_"%&''(%% =
*+, -./

1 + *+, -./

Humphry and Andrich [2008]: 
• Incorporation in an Item Response 

Theory model of a discrimination 
parameter which is estimated for each 
item (or person)

• will in general break conditions for 
sufficiency and specific objectivity, 

• and thus the opportunity of 
establishing units and measurement 
scales. 
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Logistic measurement function

!" #$%&&'$$,),*
1 − #$%&&'$$,),*

= .$ / 0)∗ − 2*∗

Modified Rasch parameters 0)∗ =
0)
. 2*∗ =

2*
.

0) = 0) / 0 2* = 2* / 2Measurement units:

‘Common unit’ of measure: 0 = 2

Conditions for sufficiency and specific objectivity, and thus opportunity of establishing units and 
measurement scales
• maintained if one associates a discrimination factor (ρs) with a set, s, of items rather than a 

single item

S M Humphry 2011, "The Role of the Unit in Physics and Psychometrics", Measurement: Interdisciplinary Research and Perspectives, 9(1): p. 1-24

http://hosted.jalt.org/test/sic_5.htm


2019-06-25

37

Lesliependrill@gmail.com 2019-06-12 PM-Health

73
https://www.rasch.org/rmt/rmt272a.htm

Number of response
categories for item i, !"

’Guessing’ 
probability, #",%

3'(_'*+,,-**,",% = #",% /
1
!"
+ 1 − #",% / 345/ 65789

1 + 345/ 65789

Bias, b Discrimination, ρ

3'(_'*+,,-** = : + 1 − : / 34/ 678
1 + 34/ 678

b = probability of correct response when true ability ; → −∞

b

Lesliependrill@gmail.com 2019-06-12 PM-Health
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Wright BD 1995 Rasch Measurement Transactions, 9:1 p.408

3PL:

b

https://www.rasch.org/rmt/rmt272a.htm
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https://www.rasch.org/rmt/rmt272a.htm

1. Mathematical analysis shows that the 3p model is a non-converging, 
inestimable elaboration of the Rasch model.

3. Whenever something must be done about the few lucky guesses which 
actually occur in multiple choice item response data, the few persons 
responsible for those occurrences are easy to find and reasonable 
corrections for any interference with measurement are easy to apply 
(Wright & Stone, 1979, pp. 170-190).

Number of response
categories for item i, !"

’Guessing’ 
probability, #",%

3'(_'*+,,-**,",% = #",% /
1
!"
+ 1 − #",% / 345/ 65789

1 + 345/ 65789
Benjamin Drake Wright, 12/18/95, in a Note to Allan Olson, Northwest Evaluation Association (NWEA).
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https://www.rasch.org/rmt/rmt272a.htm

The 3p model buries this individual person information by forcing item 
guessing parameters on everyone who takes the items whether they guess or 
not. 

If something beneficial, not to mention legal, is to be done about guessing, 
then it must face those few persons who benefit from lucky guesses and not 
mistreat everyone else.

Benjamin Drake Wright, 12/18/95, in a Note to Allan Olson, Northwest Evaluation Association (NWEA).

Number of response
categories for item i, !"

’Guessing’ 
probability, #",%

3'(_'*+,,-**,",% = #",% /
1
!"
+ 1 − #",% / 345/ 65789

1 + 345/ 65789

https://www.rasch.org/rmt/rmt272a.htm
https://www.rasch.org/rmt/rmt272a.htm
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• Man as Measurement Instrument

IRT or Rasch – what can and cannot be done? 

• Quality-assured measurement

• Logistic ruling & counted fractions

• Classical test theory or Rasch?

• Uncertainty & bias in measurement systems

• Aquiescence and Construct Alleys

• Rasch or 3PL IRT?
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