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A MODEL FOR OVERDISPERSED HIERARCHICAL ORDINAL DATA

Summary

Non-Gaussian outcomes are frequently modelled using members of the exponential fam-
ily. In particular, the Bernoulli model for binary data and the Poisson model for count data are
well-known. Two reasons for extending this family are (1) the occurrence of overdispersion,
implying that the variability in the data is not adequately described by the models, and (2) the
incorporation of hierarchical structure in the data. These issues are routinely addressed sepa-
rately, the first one through overdispersion models, the second one, for example, by means of
random effects within the generalized linear mixed models framework. Molenberghs et al. (2007,
2010) introduced a so-called ‘combined model’ that simultaneously addresses both. In these and
subsequent papers, a lot of attention was given to binary outcomes, counts, and time-to-cvent
responses. While common in practice, ordinal data have not been studied from this angle. In this
article, a model for ordinal repeated measures, subject to overdispersion, is formulated. It can be
fitted without difficulty using standard statistical software. The model is exemplified using data
from an epidemiological study in diabetic patients and using data from a clinical trial in psychi-
atric patients.

Key words: beta distribution, generalized linear mixed model, maximum likelihood,
proportional odds model, overdispersion
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HH®OPMAIIMOHHBIE TEXHOJIOI'HH B OPTAHH3AIIMH YUYEBHOT O
NPOLECCA

B nawe Bpemst napopMarmonnsie TexHonornn (UT) sHaunTensHO pacipinm TOPH30HTEL
B OpraHu3aiuH yuedHoro npoiecca. Bee GobLIeii NOMYISIPHOCTBIO MOIB3YIOTCS TAKHE BHIIBI
NOTydeHHs 00Pa30BaHUS KAK AUCTAHUHOHHOE H d1ekTponHoe o0yqenue. Menonszosanue UT B
MOMHOI Mepe, ABMAETCS HeOOXOMMMBIM YCIOBHEM MEPeX0a K HHOPMALHOHHOH HBIITIT3ALIHNA.

bes cneunaneHOTO 000pYAOBAHHA, KOMIUICKCA MEXAHHYCCKHX H 3JICKTPHYCCKHX
yeTpoiicTB, Ge3 anmmapaTHOTO o0OecreueHHsS KOMMBIOTEP HE MOKET TMOJHOLEHHO
(YHKLHOHHPOBATS.
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Jns co3aaHuS B KOPPEKTHOTO (PYyHKIHOHHPOBAHMSIKOMIBIOTEPHBIX CeTell HeoOXOMMMBI
CHeUHATBHBIE YCTPOIICTBA, 4 TAKIKE TIPOTPAMMHBIE CPEACTBA.

K anmaparHoii yacTi co3aHHs CCTH OTHOCATCS CETCBOIT afanTep, ceTeroii kabens, Moaem,
MapLIPYTH3aTOP W IIABHEI KOMITBIOTEP — HMEHHO 3TH YCTPOIICTBA MO3BOJIAIOT OPraHH30BaTE
JIOKAJIBHYH CETh H BO3MOXKHOCTB BBIBOAA HeoOxoaumoii undopmanuu B ceTb MHTEpHET.

TeKCTOBBIC PEAAKTOPBI H MPOLECCOPBI HCTONB3YIOTCA MpH paspaboTke oOydaromux
MaTeprasaos. TEKCTOBBIE PEAAKTOPHI MOTYT BBIMOJHATE HECKOIBKO (DYHKIHI: 3aKpEIICHHE
nonyueHHOi MHOpMAUUH HA MECBEMe, mpoBepka opdorpaduu, oUeHKa BOIHOCTH H
YHHKAJTBHOCTH TCKCTA, YAYYIICHHE YIOOOUMMTACMOCTH C MOMOIIBIO KEITIA, WpPH(TA U JApyrue
BO3MOKHOCTH.

TnaBHyO HUILIY 31€Ch 3aHUMAKOT rporpammel nuHeiikn Microsoft Office. OHun nmeroT
MAcCy BO3MOKHOCTEIH padOThI ¢ TEKCTOM, @ TAK 7€ MO3BOMSIOT CO3/ABaTh IHATPAMMBI, TAOIIIHLIBL
H Opyrye HarOHEe rpadgudeckue »1eMeHThl. CYIICCTBYIOT U IPYTHE PEIaKTOPEI, HAIPUMEP,
BIOKHOT — nporpaMma, BXOIALIAs B CIIMCOK CTAHAAPTHBIX /I ONEPALHOHHOIT cicTembl Win-
dows. Cpeznseii mporpamMmoii Mexay HUMH MoxHO HazBate Word Pad.

TMporpammel 4715t pabOTEL ¢ AYIHOBH3YAIEHONH HHOPMALIHEH HCTIOMBL3YIOTCS [IPH CO3TAHHI
BHJICOPAIA H CBCACHHH 3BYKa. CaMblc MOMY/ISPHEIC MpOrpaMMsl 1i1s paboTel ¢ Buaco Camtasia
Studio, Sony Vegas Pro, Adobe Premiere Pro, Movavi Video Suite u np. g paboThl ¢ aynno
waie Beero mcnonbsytores Ableton Live, Sony ACID Pro, FLStudio, Propellerhead Reason,
Cakewalk Sonar .
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CXOANUMOCTB METOJA PETYJIAPU3IAIIUH

[lycte TpEOyeTcs pelnTh YpaBHEHHE
Ax=y,xe X,ve’, (1)
T7e M0 33JaHHOMY He 00s3aTenbHO THHeiHOMY onepatopy 4 u anementy ) € ¥ tpebyercs

Haiitu peweHne x e X . IIpeanonaraeTca JOMOIHUTEABHO, UTO ONEPATOP 4 — HEMPEPbIBEH,
B3AMMHO OTHO3HAYEH 1, BO3MOKHO, HenuHeeH. [Ipeanonaraem, 410 TOUHOE PEIIEHHE CYIIECTBYET,

v noxbepem perynspusyromuii (cradunusupyiomuii) gynkuuonan Q(x), oGnamaromuii
CeAYIOLMMH CBOiicTBaMK: |) TouHOe pelieHne npuHaanexut odnactu onpenenenus (L)
¢yuxumnonana C2(x); 2) Ha obaactn onpeaeneHus pynxunonan C(x) npuxHMaer
BewecTBeHHble Heotpuuarensheie pewenns (Q(x) = 0,x € D(Q)); 3) Bee MuoKecTBa
M, = {x Q(x) < C}_ﬁ() > (), ssnsroTcs KoMmakTamMu B mpocTpaHcTee Y. Mes metoma

PErymAapu3alvi COCTOUT B TOM, YTOOBI Pa3sBICKaATh MHHI/IMI/I'}H])YI‘OU.[Hﬁ AIEMEHT HCKOTOPOTO

¢yHkusonana, vo He Qynkunonana P(Ax, y)— Takas 3amaua Obuia Gbl SKBHBATEHTHOI

ypaBHEHHIO (1) M MO3TOMY TOKE HEKOPPEKTHOI, 8 HECKONBKO “HCNPaBIeHHOro™ 1 001a1alo1ero
CTaOMAM3NPYIOILIIME CBOHCTBAMH (DYHKLIHOHAIA
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