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Man as Measurement Instrument: Counting

, , www.sciencemag.org SCIENCE VOL 320 30 MAY 2008
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Log or Linear? Distinct Intuitions of the Number Scale in Western and
Amazonian Indigene Cultures
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Man as Measurement Instrument

Measuring Man Man as Measurement Instrument
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Measuring Man: L o s
- Status, function of person
- Test against specifications

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

- Propose improvements in product
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IRT or Rasch - what can and cannot be done?

Man as Measurement Instrument

Quality-assured measurement

Logistic ruling & counted fractions

Uncertainty & bias in measurement systems

+ Classical test theory or Rasch?

Aquiescence and Construct Alleys

Rasch or 3PL IRT?
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Quality-assured measurement
Metrology
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An (un)reasonable difference? Potential causes of
variation:

+ Disease prevalence
* How physicians diagnose
* How data coders interpret

diagnoses
11.9 Dementia prevalence .
. 2017 A 2037
:seople with dementia per 1 000 population
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Source: OECD analysis of data from the World Alzheimer Report 2015 and the United Nations.
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Quality-assured categorical
measurement

”Satisfaction”
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Comparing instruments rating of physical disability
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Metrological
references
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Physical disability =~ "
Different scales of measurement
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‘Counted fractions’
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Relative-number problems:

Xj/()ZﬁA)% X,
k=1

Counting (sheep & goats)
How many affected at this dose

How many of the pebbles are quartz...

X,

J

X,

Tukey [Chapter 8, Data analysis and behavioural science; quoted in “The collected works of John A Tukey, Volume IlI, Philosophy and
principles of data analysis: 1949 — 1964, ed. L V Jones, Univ. North Carolina, Chapel Hill 13

Counted fractions

THE

COLLECTED WORKS
OF

JOHN W. TUKEY

‘Volume IIT

PHILOSOPHY AND PRINCIPLES
OF DATA ANALYSIS: 1949 - 1964

Edited by

Lyle V. Jones|
University of North Carolina, Chapel Hill

1+2+3~6

"Beware of attempts to interpret correlations between ratios
whose numerators and demoninators contain common parts”
[Pearson 1897]
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Logistic ruling
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THE
COLLECTED wongs
F

JOHN W. TUKEY

Volume III

PHILOSOPHY AND PRINCIPLES
OF DATA ANALYSIS: 1949 - 1964

Edited by
Lyle V. Jones
University of North Carolina, Chapel Hill
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Man as Measurement Instrument
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Counted fractions (Rasch)
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Q Quality-assured measurement
Object: Health

—
C—_health?

Persoh-centred care (PCC)

* Focus on health (not
iliness)

* People partners in care

* More symptoms

» Impact on Activities of
Daily Living

» Subjective & perceptive

Cognitive ability?

0,8 units == 0,2 units

20
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Measuring Man Man as Measurement Instrument
Man as Operator
Environment Environment
- a 4 Environment
! E y j D (o] e;'ator . ™
Instrument =———— Op'erator‘ Ob{ect & /] s Object P
| Measurement | Measurement | | Measurement |
method method | method

Figure 1. Different human interventions in measurement systems.

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

Man as Measurement Instrument

Environment

\ Metrology of human-based and other
A qualitative measurements

Object & | Operator

Measurement
method
Physics & engineering Social sciences
Object Confidence Decision "Vagueness”
value interval risks
1.234 m 1.234 (+0.012) m P l-a a (o) ?
s o1-p) B8 :
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‘Instruments’

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

Social sciences
+ Rating scales, questionnaires, ability tests,...

6 1 2 3 4 B 6 7/ 8 910

Physics and engineering
* Rulers,voltmeters, LIGO,...

shutterstock - 127301816

y Laser Interferometer
Gravitational-Wave Observatory
Supported by the National Science Foundation
Operated by Caltech and MIT L

23
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3 y
Instruments
Social sciences
+ Rating scales, quest ires, ability tests,...
Man as Measurement Instrument
| Environment |
3 ’ . )
Instruments Object ——1 g }
Measurement /
method
24
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Man as Measurement Instrument

Environment |
Object {msg@ Ay B Operator
’ 25
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http://www.cartage.org.Ib/en/themes/arts/drawings/Silhouettes/CreatingMe/monet1 j
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Measurement systems

APPLICATIONS OF STATISTICS IN MEASUREMENT & TESTING

Springer Series in Measurement Science and Technology

Principles of

) Entres RSS | Comments RSS [seaten

Indices 3. Specification of demands on a system Giovanni Battista Rossi

Measurement
and Probability

3, of demands on a system

that shouid be abie o be used 0 soive the conformiy assessman probiem,

Metrology.wordpress.com

Example: Determination of an Electrical Resistance (1I) AN
A Probabilistic Theory of Measurement
2. Cause - and - effect relationship  of the ideal : with Applications

Cause - and - effect direction
[t oion
SRC TRANS INDU .
oo L L
[0 o o f—0"

17 = const.

Assumptions: - I* is infinite-precisely known
- Vs equalto Vi

Johwnw P. Bentley Cause-and-effect relationship :  Vinp=1" =% =Ry -1

@ Springer

K-D Sommer & M Kochsiek 2002

27
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Measuring Man

Environment

Springer Series in Measurement Science and Technology

gowect | Instrument '—P[Operator‘

"Complex” \
Measurement Giovanni Battista Rossi

method

Measurement
< and Probability

“Measurement value”: A Probabilistic Theory of Measurement
with Applications

Z indication of response of measurement system

= restituted value.

@ Springer

zr — restituted value (measurement result)
28
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S —>

Measurand ’restitution’, S =

Measurement systems

Balance as Measurement Instrument - Sensitivity (K), bias (b)

Measuring Man

Environment

iE Object ; Instrument =

Complex'

Measurement
method

Calibration
Rcal = Kcal'scal +b

R =K-S
Response (R):

Mass of weight x
Balance sensitivity

N

=

-b

K
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Measurement systems

O,

’ I l
do _do i £ B
dl dl

(a) Modifying (b) Interfering

31
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Measurement systems

O=KI1+N() +Kylyyl + K;I; + b
Sensitivity = K; Non-linearity = N(I); bias = b
Modifying disturbance = [, with sensitivity = K,; Interfering
disturbance = [;, with sensitivity = K.
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Measurement systems L
-
X st s+
: Signal Signal Data
I Sensing conditionning processing presentation O

Accuracy (trueness)
= measured value — true value

00;

2
Accuracy (precision): of_ = o4, = (—) :

= system output — system input, 0; — 0;_1= 0; — I;

2
2 4 (90i) [ 2 4 .
Low trueness ol: O-Ii + (aIM-) O-IML- +
High precision t i
33
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o "True”
os W Count
Count 1: Bias = Classification — Actual = +0,5(6) - [I]
Expected response: . L 0
< B S A e
EQlz) = Y L0elm) e
ylzu =
k=1 o2
Count 9: Bias = Classification — Actual = —1,7(6) - [I] o [ I Il
o.s "Bias” Count
on C— "10"
- Counts, X;
Count 10: Bias = Classification — Actual = 3,1(8) - [I] ° | — |’ - ,| P ‘, e |
01
sl 3] ] | Bl {respfi]
34
. Lesliependrill@gmail.com 2019-06-12 PM-Health
http://itre.cis.upenn.edu/~myl/CommuniqueMundurucuENG.pdf
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R Measurement systems
s=/\
Man as Measurement Instrument - Sensitivity (K)

K
1 ‘ . R=K-S
Psuccess = W

S(Difficulty) O(Ability) Response (R):

Stimulus (S): Task difficulty Task difficulty x
‘Instrument’ sensitivity

Measurand ’restitution’, S = K'-R?
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Measurement systems :\
()
2 Operat

Signal Signal Data

/ Sensing conditionning  processing presentation

Accuracy (decision-making) =

response categorisation — input (true) categorisation

Low trueness

High precision
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Binomial classification: 2 categories
P« = a priori probability that true level is k

1,0..1,2..1,5...1,7..1,9...2,0...2,2....2,5...2,7..2,9..3,0.... Measure )
Classify
« ”1 ” ”2”
q. = Zpk P, i P, = probability of classification ¢
k=1 when true level is k
£ |
= -a «
S g 1-p
a _
Psuccess =1- a
>
SL Risks of incorrect decisions
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Pk = a priori probability that true level is k

Strongly Disagree Undecided Agree Strongly
Disagree Agree
* - Latent Variable - * y = [yl,yz,...,yc Y. € R+J

Prototypical Likert scale from a measurement perspective.

q. = Zpk ‘Pc,k
k=1
P, « = probability of classification ¢
when true level is k
=
el
®©
3
=
Q
38
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Probability

For categorical responses,
measurement system ‘accuracy’ = decision-making ability:

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

where Py, cce0ssiS metric of measurement system performance

)
)

in terms of probability of making ‘correct’ decision. T 2 €
N O O
Lesliependrill@gmail.com 2019-06-12 PM-Health ‘,»»/ 7
Measurement system analysis
R
Quantitative S - /\ - Qualitative

Measurand K Response

(stimulus, S indication, R

e.g. task difficulty, 6, U5) €.g. Psmﬁess

T

=

Restitution
R=>S
e.g. Psuccess => 6: Us

L R Pendrill 2018 Meas. Sci. Technol. https://doi.org/10.1088/1361-6501/aa9cd2 40

log[

Psuccess j — 9 _ 5

1-P

success
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Man as Measurement Instrument

Environment

- O\

Object »| Operator
> {operatr

\ Measurement /

method

Tlﬂ[ﬂlfllﬂlﬂllllﬂlﬂllllpIﬂ]ml]lﬂl[ﬂ Ac qu iescence
0 1 2 3 4 5 6 7 8 910

"Agreement regardless of
q item content
// \ B 99—6

- \_ Pouccess = m
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Man as Measurement Instrument

Environment

- O\

Object »| Operator
s> operator]

\ Measurement /

method
Disacquiescence
e 1 2 3 4 ) 6 7 8 9 10
"Disagreement regardless
q of item content”
/
, / \ 006
-/ N Psuccess =

1+e99
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Man as Measurement Instrument

Environment

N

A
Object m »| Operator

\ Measurement /

method

(0 (0 L L L L L T L i
ﬂlqnlqulll"llllllllla Extreme response bias

"Use scale endpoints
regardless of item content”

J J e

Psuccess = 1+ g0-0
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Man as Measurement Instrument

Environment

- O\

Object »| Operator
s> operator]

\ Measurement /

method
61 2 3 4 5 6 7 8 910 Middle response bias
"Use scale midpoint
/’/\ regardless of item content”
/ \ 209

Psuccess = 1+ g0
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Man as Measurement Instrument

Environment

- O\

Object »| Operator
> {operatr

\ Measurement /

method
Social desirability bias
e 1 2 3 4 5 6 7/ 8 9 10
"Present oneself in a
positive way, regardless of
q item content”
/ 6-6
/o e
% \_ Pouccess = 1+ 00
a7
Lesliependrill@gmail.com 2019-06-12 PM-Health
The Developmental Psychometrics of Big Five Self-Reports: Acquiescence,
Factor Structure, Coherence, and Differentiation From Ages 10 to 20
Clm\![np}\wfx‘ J\ ?10;“\??‘] O:;\i{‘l." John i ?:nmue] I%G‘mlu\\g\
G I{Ic"1 rl"“”\ el
i

Acquiescence 0 1 2 3 4 5 6 7 8 910
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Extreme response bias
0 1 2 3 4 5 6 7 8 9 10

Middle response bias
e 1 2 3 4 ) 6 7 8 9 10

Social desirability bias
e 1 2 3 4 5 6 7 8 9 10
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P(success)

Comparing instruments rating of physical disability
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J
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W P Fisher Jr. 1999

Score residual, y Vij =%ij—Eij
Cj k
/ TE_0(6:i-6;
Expected mean, E, of — Z . S eXi=0(0i=8jc)
response X 0= Qijk KT SC Bk o (0-65)
k=0 k=0

1. A. EATING

012 3 4 5 6 7 8 910

Score on ltem

Graphs: Test Characteristic Curve

E =xp+Empirical
ICC

- s - = 2 - o 1 2 H 4 s B
Measure relative to item difficulty
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3PL IRT or Rasch?

Workshop

Lesliependrill@gmail.com 2019-06-12 PM-Health
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Activities — patient preferences

N

Univariate Measures?

Robert W. Massof, Ph.D.
Johns Hopkins University
Baltimore, Maryland

Patient Life State

IOMW 2014

Objectives: | Daily Living | | Social Interactions ||

Recreation |

—1 I |

— |

otion
ECT"O‘gr\\\‘\V e

Motof _| | _| |
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Are Subscales Compatible with
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Mean square fit statistic transformed to z-score

(standard normal deviate)

5 — dif ficulty |

Item measure
o

A 4

Are Subscales Compatible with
Univariate Measures?
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+of 2 - @ Reading o @® ©
WMo e Vis info 5.
© Vis motor .
-3 T T T t + t T T T ]
<10 8 6 4 -2 0 2 4 6 8 10
Infit mean square z-score
Lesliependrill@gmail.com 2019-06-12 PM-Health
Man as Measurement Instrument
) \
Object g »| Operator
\ Measurement /
method
Acquiescence
%] 1 2 3 4 5 6 7 8 9 10

"Agreement regardless of
item content

ef—¢
Psuccess = 1+ g0
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Environment

S

A

\—,/ A =16 Importance

. rescaling, t>0
Acquiesence, 1<0 6

1
=

0,5 1

Task difficulty, 6

INFIT zstd

55
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_— G PLOS | o
Fitting data to the Rasch model

The individual item fit statistics of 32 items demonstrated model misfit (having significant chi-
square probability and/or fit residuals exceeding +2.5) and were removed one by one (73 items
remaining).

Reconstructing the Rasch-Built Myotonic
Dystrophy Type 1 Activity and Participation
Scale

PLOS ONE | DOI:10.137 1/joumal.pone 0139944  October20,2015 ¢ _ g

O~ difficulty construct Alley - Activity

Infit_zstd_ WH

Qg‘ﬁ 8 & 10
*

+25-0

DM1-ActivC scale of 105 items Myotonic dystrophy type 1

56
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Physical
ergonomics

5
A
*a
P
-4 1§
=

More challenge

A

Less challenge

0 (logit)

Construct Alley - Activity

~ Grooming: Care for one’s

personal appearance,
hygiene, and clothing

A

mO{\O'n
%ogn\t\Ve
otor

&

\L
’ clip your toe nails

/ stand up from lying

clip your finger nails.

I—::;:'I'; Myotonic dystrophy type 1
DM1-Activ¢ scale of 105 items N =
Physical disability
Exam12loe Exam12loe_Acqui )
o H
3’5 E 315 g
o 25 } e 25 %
=: 15 =: s
2 - ¢
% § jI 0? % E T I§ § 05 § §
1¢ . .
¥ 4 5 s # Yoo %6 4 90 Wt 3y G
- - é
Y 15 4 Y 1
25 -2,5
INFIT zstd INFIT zstd
k=2 58
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A

B ¢ )

f 6 i |

£ L

1 TP AEATNG B.GROOMNG C.BATHNG D.UPPERBODY DRESSNG E.LOWERBODY DRESSNG F.TOLETNG ~ G.BLADDER H.BOWEL |BEDTRANSFER (). TOLETTRANSFER K)TUB, SHOWER L. WALKWHEELCHAR . STARS

2 't
3
¢
5 Mgt
§ o3
7 50
8 :21266

) ]

2
3
4
4
2
1
3

B

o e e e o o
o RO = PO o e =
o PO PO e e e e

3
3
4
4
2
4
§

DIF - differential item functioning

3
3
4
4
2
4
3

o e = e e e r

o e = e e em P
o am = > = m =

2
5
4
4
1
5
2

[ P P P P N

"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 ltem Functioning”, Rasch Measurement Transactions,
9:1, p.414, https://www.rasch.org/rmt/rmt91e.htm
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Measurement system analysis

Quantitative

S—DA‘

Measurand
(stimulus, S
e.g. task difficulty, 6, us)

K

T

Restitution
R=>S
e.g. Psuccess => 6: Us

log

Qualitative

Response
indication, R
eg PSUC_CGSS

1-P

success

L R Pendrill 2018 Meas. Sci. Technol. https://doi.org/10.1088/1361-6501/aa9cd2
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[~ Man as Measurement strument
o Sensitivity, K R
o] S — /\ —
oP 02:(6-0) 0 (6-0) K
K _ success __
i) (1+e-8)2 14 (66
100 = T T T T
80r \\ ) ]
'%."-' .
AN
Psuccess- 100 60 . *.\‘ 008
- (APSUCCBSS-SOO) 40F .-' .I"','. 5 _ Psuccess = W
20+ N .
N
pl—=1 1 1 [
-6 -4 =2 0 2 2 6
6 61
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P AN Object Instrument Decision R
‘ s= /\ P
Task difficulty, 5=9, . [l—a a j K
B 1-p
Instrument (person)
ability, 6 Response
e 1 2 3 4 5 6 7 8 9 10 & ?
Bias  0=4,+¢;
@ 1 2 3 4 5 6 7 8 9 10
1 B 69—6
Low trueness Ad=k-0, success — 1 X = 1+ &%
High precision Re-scaling
IIIH[IIIIIIIII]IIII|Illl]llll]llﬂ|lﬂlIlIII]IIIIIHII]IIIIIIIH[IIIIIllll]llllIIIII]IIH]IIII]IIIIIII]
2] 1 2 3 a s 6 7 8 9 10
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[~ Wanas Measurement Instrument
o) Response Sensitivity R
) {operator] p S‘ A =
Me::l;e;enz P e 66
- K
success 1 + eg_é‘
Ntp
. . y:x_]E 2 _ o2
Fit residual i,j i,j i,j Xim= ) Yij aP 02:(6-5) 0 (0-8)
=1 K — success — _
36 (1+e@-9)2 14e0-9
aP, 2P,
r_ success success
XimX+—5e 0t e2 °
X’ L — X _ aPS'LLCC@SS . 66 _ aZPS‘U.CCBSS . 5
J J 26 067
Changed Changed
stimulus sensitivity 63
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& C (0 O raschorg/mt/mtl62fhtm w 0 ®:
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What do Infit and Outfit, Mean-square and Standardized mean?

These are all "fit" statistics. In a Rasch context they indicate how accurately or predictably data fit the model. Dichotomous fit statistics. Polytomous fit statistics

Infit means inlier-sensitive or information-weighted fit. This is more sensitive to the pattern of responses to items targeted on the person, and vice-versa. For example, infit reports overfit for
Guttman patterns, underfit for alternative curricula or idiosyncratic clinical groups. These patterns can be hard to diagnose and remedy.

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

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

64
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THE DISTRIBUTION OF CHI-SQUARE Chi? X — Npp
[“ = —
By EpwIN B. WiLsoN AND MARGARET M. HILFERTY [2. Npp - 0
DEPARTMENT OF VITAL StaTIsTICS, HARVARD SCHOOL OF PUBLIC HEALTH
Communicated November 6, 1931
R. A. Fisher! gives a table of x? and states that for large values of #, . \/ 2-X— \/ 2. NTP -1
the number of degrees of freedom in the distribution, Fisher = p
V2% — A/2n — 1 is normally distributed with ¢ = 1. (1)
is i i hat other formulas of a similar sort mi : 3 2
It is interesting to ask what other formulas of a similar sort might be used 2 < ﬁ — |Npp — §>
WH =
o
2\1/3 2 2
A . . iy ., s . 2 s ——
(”) is normally distributed about 1 on with o e (5) \/E
o=
. . V3 N — 2
v/x2 about v/n—2/3 with ¢ = 5——\.7”_—__2—/_5 4) 3 Nrp 3
65
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Score residual, y Vij =%Xij — Eij
Cj X
Expected mean, E, of E . = Z k-q e2é=0(0i=8jc)
response X LT ALk dijk = —c
p i T TEl605)
Nrp
— 2 2
X=x"= Z Vij
i=1
3 2
2 VX = |Npp —5
< TP T3 __z
INFIT zstd WH = 7= 2
o 3- [NTp—3
Molton: “Both statistics ... require a lot of meditation and incense.
For useful explanations, refer to:
http://www.rasch.org/rmt/rmt162f.htm”.
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e R
Response Sensitivity S — /\ i
0096 %
Psuccess = W
K = aPsuccess _ ez-(9—6) 6(0—6)
05 (1+e@-9)2 14060-9
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Fit residual  y;;j=x;;— E;; X=y’= z Vi j?
2 =1 2
dP, oP, dP,
7 2 _ success _ 2 success success
- .__.35) = .2 _p _SUCCESS 5. ._|_(_.55>
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3 2
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Restitution in case of performance metric

Response, y,

from object A
(attributes 6, ©)

Restituted entity
quantity, zg,

of object A
(attributes 6, &)

response
8(9_6)

P(yla); ¢ = Poyccess = m

P.
=5 =0 8 = log | Laeees ]

success
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Response, y,

from object A
(attributes 0, ©)

via instrument
(attributes b, p)

Restituted entity
quantity, zg,

of object A
(attributes 0, d)

via instrument
(attributes b, p)

Restitution in case of performance metric
response
ep(e_s)
P(yla); ¢ = Psyccess = b+ (1 —Db) - 1+ ep(6-0)
3PL
Psuccess —b
Zg=8S=60-56=log 1P_b —log(p)
1S
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Rasch v 2PL
hitp://hosted.jalt.ora/test/sic 5.htm
Humphry and Andrich [2008]: 10 - —
* Incorporation in an Item Response ® a=2 f ast S -
Theory model of a discrimination 2 °% 1 e
parameter which is estimated for each § o6 ./ V/ =
item (or person) 5 2/ 74
* will in general break conditions for Z 04 ,/
sufficiency and specific objectivity, 3 15 M S
* and thus the opportunity of gozd ”/,:’7 " Cales
establishing units and measurement * T
scales. R B 0 | 2 3
i L. i Person Ability in Logits
Discrimination, p 31 2
ep(6-6)
2PL_Psyccess = m

7
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Logistic measurement function

Conditions for sufficiency and specific objectivity, and thus opportunity of establishing units and

measurement scales

* maintained if one associates a discrimination factor (p,) 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]

P ..
In (—1 ) ) =ps - (67 — &)

—P success,i,j

Modified Rasch parameters 0; = i §F = ﬁ
p 7 op
Measurement units: 0; = {6;}- 6] 6 = {51'} - [6]
‘Common unit’ of measure: [0] = [6]

lIIII|IIIIIIIII]IIII'IIII]IIII|llll[llll|Illl]ll|l|ll|l]llﬂ|IIII|IIII|IIII]IIII|llll]llll|llll]ll|l|lﬂ
0 1 2 3 4 5 6 7 8 9 10
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A Critique of 3-PL IRT Estimation

Pi(0,b;, a;,¢;)

1.0

Discrimination, p

Bias, b
ep'(e_a) 05 1
3PL_Pgyccess = b + (1 —b) m b

-4 -3 -2 -1 0

b = probability of correct response when true ability 8 - —co

'Guessing’
Number of response probability, ; ;
categories for item i, C; '
1 epi'(gi_gj)

3PL_Pgsyccess,i,j = Ti,j * EL + (1 - 7Ti,j) ) 1+ epi.(gi_gj)

https: [25CN.0ra/imUrm2 728,00 e o endrill@gmail.com 2019-06-12 PM-Health
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3PL IRT or Rasch?

Wright BD 1995 Rasch Measurement Transactions, 9:1 p.408 Pi(6, b, a;,¢:)

1.0

0.5

f=
.
o

1 Most Guessable ltem — G

[=3
=

Orly 2 Items Showing Real

®

]

2

2

£

50'35_ Evidence of Guessing o R .

< 0.3 4 -3 -2 -1 0 1 2 3 486

N v Most Unmodelled

% 02 Y Behavior

S0z x 3PL:

£ ois- Fif Rosch 5 '"Guessing’

2 Model Number of response probability, 7; ;

o X + s categories foritem /, C; "

7 E 4 pi(6i-5;)

1 0.057 3 Careless Slip Items 3PL_P A o LS
p —Lsuccess,i,j = Ti,j EL + ( - T[i,j) 14 ePi'(ei_aj)

T

0.4 06 08 1 12 14 16 18 2
Rasch QUTFIT Mean—squares

Figure 3: Guessability and OUTFIT mean-squares . ..

o=
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A Critique of 3-PL IRT Estimation

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).

'Guessing’
Number of response probability, ; ;
categories for item i, C; '
1 epl(el_sj)

3PL_Pgsyccess,i,j = Ti,j * a + (1 - 7Ti,j) ) 1+ epi.(gi_gj)

Benjamin Drake Wright, 12/18/95, in a Note to Allan Olson, Northwest Evaluation Association (NWEA). 75
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A Critique of 3-PL IRT Estimation

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.

'Guessing’
Number of response orobability, 7, ;
categories for item /, C; Lj
1 epi'(ei_‘gj)

3PL_Psyccess,i,j = Ti,j * a + (1 - 7Ti,j) ) 1 4 eri(6:-6))

Benjamin Drake Wright, 12/18/95, in a Note to Allan Olson, Northwest Evaluation Association (NWEA). 76
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IRT or Rasch - what can and cannot be done?

 Man as Measurement Instrument

* Quality-assured measurement

+ Logistic ruling & counted fractions

* Uncertainty & bias in measurement systems
+ Classical test theory or Rasch?

» Aquiescence and Construct Alleys

 Rasch or 3PL IRT?

7
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