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History, Developers

e 1997: RUMM 2.7q
by Sheridan, B., Andrich, D., and Luo, G. (1997),
Perth, WA: RUMM Laboratory.

. RUMM2010 - Open Existing Project : CATZNUM

e 2000: RUMM 2010 File Edit Anabsis Tool: Help

Andrich, Sheridan, Luo
R U M IVI 2010

Rasch Unidimengional Measuremenl b bodels

< RUMMZ0Z0
FI|E Edit  Analysis  Facilities 5créen Area  Help

R.UMM202

Rasch Unidimensional Measurement hModels

e 2005: RUMM 2020
Andrich, Sheridan, Luo

e 2010: RUMM 2030
Andrich, Sheridan, Luo

E-ruMmzo30

|F1‘iE'E|:|iI: fnalysis  Facilties Screen frea  Help

. ,—fﬁ"xUMM2030

Rasch Unidimensional Measurement hodel
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RUMM
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Unidimensional Rasch measurement models
User-friendly design

Exportable graphics ready to print
Data/Models:

Dichotomous responses
Multiple choice data (MC)
Polytomous responses (max. 101 categories)
* Rating scale model
e Partial credit model
e Subtests (item bundles, testlets, super-items)
Multi-faceted data

e Extension to the basic item structure: 1st factor = items, up to two
more factors (facets)

Person factors (sample characteristics) (up to 9)

Combination of dichotomous, polytomous and MC data



RUMM

* What is not covered by RUMM
e LLTM

 Any model that implies different slopes of the ICCs (general IRT models,
i.e. non-Rasch models, OPLM, frame-of-reference-Rasch model)

* Non-cumulative models (unfolding models)
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Data Input

* Raw data file: fixed asci file
Person id person factors item responses
1 131... 24341 76...
Definition of the data within RUMM

e Coding/recoding can be done in RUMM (e.g., 1 to 7 is mapped to 0 to 6)

e Template files

SPSS/PASW files cannot be read in directly

Project file:

e Contains the data and all analyses

 Template files:
e .itm data format
e .SpC item specifications (number of categories, labels)
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Template Files

A, | B | C | D | E | F | G | H | | | J |
1 |blocklD segmentlll Comments  blockStat  blockWdth  testType respType itermlLength | itemSubMumlmissSymb
2 1 1 persaonid 1 4 a a a 0 bsp
3 | 2 2 card 5 1 0 0 0 0 bsp
4 3 21 no atm card 1 o o o o o o
A 4 21 atm card 1 1 a a a a a
B ) 2|gender 5] 1 a a a Olbsp
7 3] 22 male 3 1 a a a a a
8 7 22 female 3 2 a a a a a
9] g 3 ltemBlock1 g 29 1 1 1 29 9

A | B | C | D | E | F | G | H
1 |iterm=eq testType itemCode item=tate respType respMumb | sclkey respSeq
2] 1|E 10001 feel anxiety M 5 1
=N 2E 0002 prefer people M 5 1
4 3|E 10003 atms are fun M 5R 1
5 | 4 E 004 feel comfortable N 5R 1
_b | 51E 10005 want to learn mare M 51R 1
7 b E 10105 dont go after hours N 5 1
=N 7/ E I000kE worry making mists M ] 1
9 8 E Inoo? time consuming M 5 1
10 91E ID00S atms agitate me N 5 1
K 1NF Inrns takes a long time M 5 1

T T | 5 4




Estimation

e Pairwise estimation procedure (Andrich and Luo, 2003; Zwindermann, 1995)
e Equivalent to conditional maximum likelihood (CML)

e Zwindermann, A. H. (1995), ‘Pairwise Parameter Estimation in Rasch
Models’, Applied Psychological Measurement, 19, 369-375.

e Andrich, D. and G. Luo (2003), ‘Conditional Pairwise Estimation in the
Rasch Model for Ordered Response Categories using Principal
Components’, Journal of Applied Measurement, 4 (3), 205-221.
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Fit Assessment

Overall fit

Iltem fit

Differential item functioning (DIF)

Multidimensionality

Local dependence

Person fit
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Fit Assessment

e [tem fit

o y2-test of fit: observed (proportion) - expected (probability)
respondents are grouped into up to 10 class intervals
can be added up to yield test fit statistic

e F-test: one-way Anova with class interval as factor
better accounts for individual residuals
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ITEM CHARACTERISTIC CURYES for Analysis Name RUNALL

[temsz Selected. 1 Flat Coordinates Clazz Interval Means [ Plat Infamation function

IN00l bestes kaufe IL TIoool ﬂ Locn IO0OO0OL -
Inoog genauw was ic |-—————————————-
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“Scree-plot” of Item s
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Q-Q Plot of Item s
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Fit Assessment

¢ |tem fit residual
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Fit residual statistic: approximately z-distributed
Captures discrimination

Expected value =0

Values < -2.5 indicate overdiscrimination

Values > 2.5 indicate underdiscrimination

Equivalent to Winsteps’ outfit statistic
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10010 bin nicht froh es gekauft zubh - Locn = 0.244 Spread=-D.308 ChiSg[Fr]=0.000  F[Pr]=0.025
4.0 D ~ Slope
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Differential Item Functioning (Item bias)

e Item works differently for different groups of respondents

Implies violation of specific objectivity

Uniform DIF: different item location but equal slope (quantitative difference)

Non-uniform DIF: different slopes (qualitative difference)

* Two-way anova:
e Factor 1: class interval; main effect indicates general misfit

e Factor 2: person factor (DIF factor); main effect indicates uniform DIF

¢ Interaction: indicates non-uniform DIF
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ITEM CHARACTERISTIC CURYES for Analysis Name RUNALL

lterns  Selected: 7 Flat Coordinates Class Interval Means and Differential lbem Function Stats [ Plat Infamation function
I0001 bhestes kEaufe: I» TITooov ﬂ Analysis of Variance for ITEM 7 [I0O0O07:wmirde
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Multidimensionality

e Multidimensionality = more than one latent variable, i.e. at least two variables
govern the response process

* Pragmatic considerations

e “Thickness” of a variable, multiple strands of a rope, fractal dimensionality

» General fit statistics (¢?) do not necessarily indicate multidimensionality
* Depends on correlation of dimensions and number of items per dimension

e Large number of items of dimension 1 and small number of items of dimension
2 -> |latent variable in the model dominated by dimension 1, items of dimension
2 will misfit, in particular when dimensions are weakly correlated

e Equal number of items -> latent variable in the model is a composite of two
variables and general fit statistics will not detect multidimensionality
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Multidimensionality

* Principal components analysis of the residuals (exploratory analysis)

e If residuals are poorly random, then there should be no structure in the
residuals and a PCA should yield random components.

Principal Component Summary

: Principal Component Summary | PC Mormalised "-.-’ectn:ursl PC Loadings I W aril

PC | Eigen |  Pecent | CPercent | stdEmr E """ 1 ' ﬁ """ ﬁl d ' E """ 1 """" '3' ' d "'i']':l """
PI:I:":” -I 854 1 553?5 -I 553?{; DE#B +:E::::+::++++++++:J-I-l+ir+n+++13::::+::++++++::J:+::+++::+++
PCO0Z 1.638 13.65% 29.19% 0211 1 1.4715 nE97
PCO03 1.449 12.07% 41.26% 0194 2 1.2417 0529
PCO04 1.183 9.86% B1.12% 0.150 2 1.2454 -galo
PCODS 1105 921% 60.33% 0132 . T o
PCO0G 1.043 869 59.02% 0137 5 1.0152 _02z8
PCOO7 0,989 8243 77.26% 0127 7 0.946E 0298
PCO0S 0,845 7.05% a4, 30% 0102 3 0.8554 -0ze7

9 a_5l126 o223
PCO09 0715 5,963 90.26% 0.095 10 0 mass Conas
FCO10 0.635 R.29% 95 hE% 0.0s7 11 0.6&E2 NEET:
PCOTM 0,507 4.22% 99.78% 0.076 1z 0.5059 -0421
PCO1 2 0026 0275 100,002 0052 +++++++++H

18




Multidimensionality

* Principal components analysis of the residuals

* Loadings on the first component

PC Loadings

Principal Component Summan I PC Mormalized Wectors  FC Loadings |

ltern | PLT PCd PCa PC4 PC5 FCE F
10011 0EE3 0002 0441 0112 05 0126
|0 0338 0467 0065 0142 01830 0433

ooog 0215 0155 05590 0241 0599  -0.002
ooos - 0189 00770 OES8 0626 0293 0336
0007 - 0082 0403 03700 0860 00320 033
oMz 0073 0713 0207 0305 0089 0.049
oMo 0044 OEFS GD3EE 0132 0166 0.464
o002 - 0162 0151 0452 0074 0686 0245
o005 | 0463 0054 0071 0168 0109

o003 | 0&01 0090 03250 0382 0280 0079
0006 | 0549 0444 0292 0297 0099 0130
0004 0168 0309 0037 0142 0327
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Multidimensionality

e t-Test procedure: in case of unidimensionality, estimates based on different sets
of items should be equal up to random variation.

Summary T able of ezt analyzes for thiz Subtest pair

Cl: 0.0595 +- 0.37 Test|  SubsetPar | Mo < 5% | No < 1% | PeiC < 5% PerC < 1%| Total |

1 Setl;Set? 10

EQUATING ITEM SUBSETS for Analysis Mame RUNALL

Perzon Location b ax Murnber Iterationz: | 1

Itern Listing

Itemnz Selected

1]
Z]
=]
4]
5]
E]
71
8]
]
[ 10]
[ 11]
[ 12]

I0001 beste
IO00Z genan
I0003 nicht
Too004 =ufri
I0005 gemis
I000s Kauf

I0ooa7? wmarde
TO002 macht
IOooos fihkle
I0010 bin n
I00ll Besit
I00l:z =iche

KN — 2

Dizplay Plot Coords |

Independent TTests |

— Scaore to Location

I LCorrvert |

— Locat

ion ko Score

I Corvert |

< Dizplay D:untn:ull Mew Draw ||

] 1.2
20
5 15 .
C i
[n] .
r i
e 10
5
3 : 3 i } : }
Location
Min |_3 "l TEST: W Plot [ AddLines IMFORMATION: [~ Plat [ Add Lines Maxl 3 ..I
Itermn sart ... Width . Bl Tt Eammst Save/Copy. Frinting

[seia | |2 =] |}: Fied © Tab | Save |[savePlcx| Comy | [Pl =]  Pint |

2 F9R% | 119% | 168 |
— Sample ztatiztics
tean of Set 1 10193850
Std devw of Set 1 1.0155500
Sample size of Set 1 168
tean of Set 2 08953267
Std dew of Set 2 08764232
Sample size of Set 2 163

— Tatal Humber of Extreme Scores

Set Set 2
Minirum score | 1 | 1
M arimurn soore | a9 | 44

— Dependent S ample t-test

b ean of differences 012405882
Std Dev of differences 09560777
Std Error of differences 00737630
Sample zize 163

t-value 1.6813430

— Cormelation between Set 1 and Set 2 ——
0437633

— Save format az ...

" Fixed " Tab delim Save |

Copy | Print |




Local Dependence

e Extra dependence of item responses (response dependency), may but need not
be due to multidimensionality

* |tem residual correlations

* Values <-0.30 or > 0.20 should be considered problematic

Person-Item Residual Correlation Matrix

Frincipal Companent Surmmmary I FPC Marmalized Wectors I PC Loadings: I Varimax Fotation Loading:  Residual Correlation b atrix

uuuuuuuuu

uuuuuuuuuuu

ltemn | 10001 | 10002 | 10003 | 10004 | 10005 | 10006 | 10007 | 0008 | 10009 | 10010 | 10011 | 10012
0001 1.000

0002 0136 1.000

0003 0187 -0.090  1.000

0004 0131 0056 0132 1.000

0005 0206 0030 0027 0023 1.000

0006 0088 0000 0017 0354 0174 1.000

0007 - 0022 0152 0010 0134 0085 0084 1.000

I000g 0077 0106 0123 0036 0080 0031 01300 1.000

0003 0121 0183 0077 0153 0084 0118 0134 0143 1.000

o010 & 0230 0147 0077 -0.135  -0.06F 0177 0075 1.000

0011 0029 00110 366 02220 0222 0134 00270 0221 1.000
0012 0165 0109 0032 0060 D208 0120 0.039 0,004
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Person Fit

e Fit residual statistic

INDI¥IDUAL PERSON-FIT for Analysis Mame RUMNALL - Serial Order: PersEstnn Weighted Maximum Likeli

recih | TotExp =c | hlax=c | tems | Extm | Location | =E | Fitkesid | DegFree | Data Ptz | product PF_studernt | PF_gender ﬂ
4 29 45 12 0.226 0.223 1157 107 12 Wiedergabegerit 1 2 J
5 45+ 45 12 extm 4 156 1,635 Funkmikro 1 1
(=] 43 43 12 1.291 0.400 -1.272 10.7 12 PC 1 1
7 16 43 12 -0.383 0.235 -1.165 107 12 Handy 2 1
g 35 435 12 0.539 0.250 0.542 10.7 12 MP3-Plaver 2 1
9 34 45 12 0.481 0.243 -0.357 107 12 Hany 2 2
10 37 45 12 0 BGE 0.268 -0.:556 10.7 12 Motebook 2 1
11 40 45 12 0914 0313 -1.236 107 12 Mikrovweele 2 2
12 34 45 12 0&23 0,296 -1.146 10.7 12 CD-Player 2 1
13 42 43 12 1.142 0.362 0.985 10.7 12 Fernzeher 3 1
14 35 43 12 0742 0.281 -0.0v9 107 12 Bett 3 2
15 30 435 12 0.274 0.225 -0.146 10.7 12 Kihlschrank 3 2
16 44 45 12 1475 0.445 1421 107 12 Auto 3 1
17 36 45 12 0601 0.258 -0.70s 10.7 12 Dizcman 3 1
18 41 43 12 1.019 0.335 -0.516 10.7 12 Skiausristung 3 2
14 43 43 12 1.291 0.400 1.241 107 12 Fahtrad Peugeot 4 2
20 43 435 12 1.291 0.400 -0.8994 10.7 12 Skis Head 4 2
21 40 45 12 0914 0313 0399 107 12 Telefon schrnurloses, TC 4 1
> 45 45 12 2042 0E18 -0.209 10.7 12 Fernzeher Philips 4 1 -
| _'*I_I
Mezn 1.066 0236 extm: loch iz extrapolated walue PersFactor | Code | Level
Std Devn | Variance | Std Devn 1103 1.217 1.229| =4S e [earlier RUMM analpsis] || student MAA
Selection . . 2| gender 1 male
IT Separation Index [0.23917  Mean Enor Wanance IW 3| purchase 1 ez than 3

Extm Pers Criterion I 0.220 Cronbach Alpha ||:|_38E;?[| Est. TrueYarance | 1.095

Sart P by..————
o erons Y File T et Format

w < Dizplay Control I“Seriall:lrder j {* Fixed (" Tab Delimit Save I Print | F[E:quenc_l,ll LCopy FPerzon-byp-ltem »

wi
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Summary Statistics

SUMMARY STATISTICS for Analysis Mame RUNALL

—ITEM -FERSOMN INTERACTION
—ITEMS

Location Fit Residual

Mean IW Mean IW
StdDev | 0248 StdbDev | 1827
Skewness IT

Furtosis I -1.143

Correlation [locationstdR esidual] 0563

—PERSOMS

Location Fit Rezidual

tean IW Mean IW
StdDev | 1103 SDev | 1228
Skewness I -0.802
K urtosiz I 2.061

Correlation [locationstdR esidual] 0.0649

—ITERM -TEAIT INTERACTION

Tatal - [tern Chi Square I 85.719
Deqgrees of Freedom I 24
Chi S quare Probability I 0.000000

~RELIABILITY INDICES
FerSeplds: runall

* with e:-:tmsl 0894917

MO extmz | M

Cranbdlpha I 0.88670

= LERELIRDOR BEATIO TEST

~FOWER OF AMALYEIS OF FIT

Enalyzis Likelitood Chisq I—
I— Good
anaName1 Degk I Feazonable _
anaMame2 [ T Low
e 5 I Too Low
File Text Format
* Fimed © Tab Delimi Save Erirt |
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Threshold order

e Order of thresholds between adjacent categories

10001 bestes kaufen Locn=0285  Spread = 0385 FitRes =1.202  ChiSq[Pr]=0565  SampleM =156 10007 wiirde jetzt andere Marke kaufe  Loon=0.351  Spread = 0.004  FitRes=0.337 ChiSg[Fr]=0.395 SampleM = 156
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! ] i
o
b ] b
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b ] a
i 05 :3 05
I i |
i i
t i t
4 | ¥
0.0 ; ; ' ; , ]
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Perzon Location [logits)
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Threshald Plat kap I Threshold List Mapl Set E-:ulu:uursl
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richt 5o wie vorgestell 0 | I
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macht mir Spass I 2z
fiihle mich richt wohl mit Ert: [ .. >

bin nicht frob s gekaut zu b e .
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Targeting

* Person-Item location/threshold Distribution

WIRTSCHAFTS
UNIVERSITAT
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Ferzon Factor

PERSON-ITEM THRESHOLD DISTRIBUTION For Analysis Name DEL4

Frequency Limit

— Minirmum b &iruanm Factor Lewel Plat Type [nterval Length Estreme Perzonz
o v
|-3 j—‘ |V| ] j—‘ |]ND Ciivizian j |] j |V| Perzson-ltem Threshj |V IU.ED j ‘e mz:ﬂd —HV - ::rl-lrl|:-||iLt,":IE _‘
Person-ltem Threshold Distribution
PERSOMNS IMFORMATION {Grouping Set to Interval Length of 0.20 making 40 Groups)
LI Tt | T - 14.9%
7 Mo Mean
1 Total [lE2] 1.E9C [] A
20— BT -memme e — % ----- ///ﬁ ------------------------- L 11.9%
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r - ]
e e Y AU N SR N I A ] i
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ITEMS 0 — A — = 0.0%
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Amended Analyses _ New analysis inherits amendments of this analysis

Analysis Name RUNALL selected: Persor. cstimation by Weighted Maximum Likelihood method
Analyziz Specifications

—ﬁnc‘ﬂysisNamE—/,ffﬁ.ﬂ.ﬁ.wsxs TITLE BUNALL a

runall ﬂ
** BPECIAL COMMENTES
1. Derived from the Default Project Settings

** TEST ETRUCTURE

Analysis Type Polytomous /Extendad Besponse Category test format
No. of Ttems 1z
MNo. of Categories Emqual across Items : setb at & categories per item
. Bcore Range [All Item=] 47
[ mgﬁzzgehu“aS Some Items Anchored Ho
Bubtests created Nao

** CALIBERATING SAMPLE
No. of Persons:

—Select TEST type

&+ Polytomous

* entered Project leg a
. L et LadeE : Deletion of respondents
£ Cornbined T samrems scores = Deletion of items
—Analyziz Optionz —Modificationz for MNew Analpsis //v Likelihood-ratio test (partia| credit
model against rating scale)

[T Delete items

- Handu:um select

. i+ Analysis Baze i+ |pdidual
€ Bun analysis i } Person Factar

= Editanalysis specifications I Likelhoodiatio Test Combining items into subtest
& Create NEW analysis " Subtest analysis = __ Anchoring
_ _ " Individual ltem Anchoring /
" Display analysis outcomes ¢ FEEmBlEn ATehe _, Rescoring of items (e.g. collapse

"~ Rescore items

" Tailored analysis & ltom Spit — categories)
) Edit [legal B esporzes

—> |tem splitting: accounting for DIF

£ Main Menu Drata Structure | Delete Analysiz Mame

winscrarrs
Duneramir 26
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