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Summary (Abstract) of doctoral thesis contents

This study focuses on simultaneous confidence bands and the
volume-of-tube method. Simultaneous confidence bands have been used in
various statistical problems. The volume-of-tube method can be used in the
construction of simultaneous confidence bands.

The problem concerning the construction of simultaneous confidence bands
in a regression model originates with Working and Hotelling (1929). They
formalized this problem as the construction of confidence intervals for an
estimated regression line, and provided a critical value by making use of the
Cauchy-Schwarz inequality. Subsequently, many reports concerning the
relaxation of these conditions have appeared.

In the case of one regression model, Wynn and Bloomfield (1971) pointed
out that the use of the Cauchy-Schwarz inequality leads to conservative bands
for simple regression and unrestricted domain of the explanatory variables.
Uusipaikka (1983) constructed exact confidence bands for linear regression
when the domain is a finite interval.

In the case of the linear regression models, there are a lot of research in
literature. For example, Simultaneous confidence intervals are used in Scheff e
(1953) to assess any contrasts between several normal means. In this study,
the problem of assessing any contrasts between several simple linear
regression models is considered by using simultaneous confidence bands.
Using numerical integration, Spurrier (1999) constructed exact simultaneous
confidence bands for all of the contrasts between several regression lines over
the whole range (—«, =) of the explanatory variable when the design matrices
of the regression lines are all equal. Jamshidian, Liu, and Bretz (2010)
proposed a simulation-based method to construct simultaneous confidence
bands for all of the contrasts between the linear regression models when the
explanatory variable is restricted to an interval and the design matrices of the
regression lines may be different. Naiman (1986) gives a method for
constructing conservative Scheff e-type simultaneous confidence bands for a
single curvilinear regression model over finite intervals. Unlike these studies,
we consider constructing simultaneous confidence bands for all of the
contrasts between several nonlinear regression models. The tube formula is
given in a mathematical form via the volume-of-tube method.

The chapters are arranged as follows. We provide a brief review of multiple
regression models in Chapter 1. Chapter 2 summarizes simultaneous
confidence bands for simple and multiple regression models, and we then
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address the problem of the construction of simultaneous confidence bands for
all of the contrasts between several nonlinear regression models. We propose
simultaneous confidence bands of the hyperbolic type for the contrasts
between several nonlinear (curvilinear) regression curves. Chapter 3 looks at
the volume-of-tube method. We give the definition of the tube and critical
radius, and then we summarize the volume-of-tube method for evaluating the
upper tail probability. In addition, we discuss the expectation of the
Euler-Poincare characteristic heuristic. Moreover, we prove that the formula
obtained is equivalent to the expectation of the Euler-Poincarée characteristic of
the excursion set of the chi-square random process and, hence, is
conservative. Using this result, Takemura and Kuriki (2002) provide an
alternative proof that the confidence band of Naiman (1986) is conservative.
Chapter 4 uses the volume-of-tube method to derive an upper tail probability
formula for the maximum of a chi-square random process, which is sufficiently
accurate in commonly used tail regions. The critical value of a confidence band
is determined from the distribution of the maximum of a chi-square random
process defined on the domain of the explanatory variables. The tube formula
is given in a mathematical form. We prove that the simultaneous confidence
bands we propose are conservative. This result is therefore a generalization of
Naiman’s inequality for Gaussian random processes. In order to test our
method, we give a numerical example to determine the accuracy of the
approximation formula we propose, which further demonstrate that the
confidence bands obtained by the tube method are always conservative and
very accurate. To investigate what happens under model misspecification, we
conduct a Monte Carlo simulation study. The study shows, too small of a model
should surely be avoided, whereas, a larger model has the disadvantage of
having a wider confidence band.

As an illustrative example, the growth curves of consomic mice are
analyzed in Chapter 5. A study under model misspecification is also conducted
in the application. Chapter 6 considers the statistical parametric mapping
approach as future work. Details of the proofs are in the Appendix.
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e Sz SR, EEE O IERIE R iR E RO a2 T X b () 1B
LEREEHEXMEOMER EZNEZH W T — 2 BITic >0 T@wm bbb THD. HIXTEHEN.
nNTEL, ©26E%EL Appendix, it b4 ENL 5.

FHL1ET ARXOFETHD. MEOFRE LT, BUFOHICET 2 EMFHOFH
E, KX 2RO Nt o Tnwsd. 8 2 5%, RFEEXMEICET 2 EM@EFEEN
—RAINTWD. FTEIRDHICEBITDHRA > b T A XOIE XM & [FREAE 8 X2,
ZDENE L HIZHEARLNTWND. EEARWMLTH I BEMEOEY RO = M7 X MC
B4 2 R EBE X2, —RICITEITOICHER T2 2L E LW ERFEHIATHS.
ZITarybhITARMEE, N0 ERD XD RBRBICHTIREMEZ VD, KK, B
4B THOMERHRICEAIN TS, FH 3FEIL, KX THWLIHFFENTHDL T
= — 7 (tube method; volume-of-tube method) O EHIZHKTHNTWVWD. Fa—Tk
X, T ARG ORRKEODMEBERS EUT 2720 OB RAFHNRTETHD.
I TIEEOEBMAN L, BREFMO —KimAEXObNTWD., £Fa—THEOHEBO
TFETH DA A 7 — 1% (Euler characteristic heuristic) (Z2oW T il b T 5.
< AE, FHEENAMILOEETTHDL. HA4ETIE, H2ETEHEALLCEHEDIEMR
gt o = b7 2 MCET2REBEEXMAZ#AT 272012, B4R > b (pivot, /3
TA—=ZFZ IR E) Z8BAL, ZOERY hONT A —=Z|ZHT L& KEO S %
KDDL CHAREHEEMO AN FIEZRETE L2 LE2HENTWS. EAR Yy M,
T ARG LRI T N TELLD, FE3IRTHA L TFa—7ENEHREERS.
Fa—TEDO—KimiZiho CTHEAXZEE, BEFHAEAICIS>STEANRELNEDOTH
LILEEMRLTND. 61T, BREEDN KR ITORTEAEZ O A 2 FHERGITHT
DAA T —HBEBEEHLERFETHL ZLICHERL, REEUAXNRTHN THLZ L a2E
WTW5., ZniZWwbiwbd Naiman (1986, Ann. Statist.) O RZEXD —ffLE W\WH Z &M
TE5. FLEETAERRBEORN FIZEBWT, F2— 7K X0 R S I 7z A REE 8 X
NEDLIREFHETINE, YIalb—a IVt d. BHET, F4ED
HMERZHWET — 2Bl chbs. 22 THWTWD T — X T [E &R 7R FT O
ALY Iy I ADER 2-20 HORKKET —X Th 5. fFHE~ T X C57BL/6 (B6)
EEUDEBEHOa Y Iy I U RICHONWT, KEEHMOa Y b7 A FPOMmEIZOWT
FREEHRXMEEZBR L, ZEERBEO T TOLRAL I P I RXA MNOMAEDEIZ X - T,
AEEPMBRHINDZ EEZRLTWD. FH 6 &L, ARUFZEICEE LS % OMERE,
Appendix [TEE L THFAETHEIONTARLOIMEHOFEMTH 5.

WP L WE SN TELEEOIERBRIFHMAA O 2 M T 2 MBS 5 [ KRAE X
R Z, I alb—va rTERBITMICEA TS 2L, FEEHLICEXTZHED
RSFHEEZ R LI EIFFMTCED. FLET—FHBITICL > T, BEFEOEMH Z HIR
LTWARBFMTES. LEORWICESE, FEZBSIX, KM XHPKHRFEOE L
WML ELTHARAEEZALTWD EHW L. 4% EH 5 EONEITADE M
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