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Abstract

A general linear mixed-effects model is often used to analyze repeated measurement experiment data of
a continuous response variable. However, a general linear mixed-effects model can give improper analysis
results when simultaneously detecting heteroscedasticity and the non-normality of population distribution.
To achieve a more robust estimation, we used a heavy-tailed linear mixed-effects model for a more exact and
reliable analysis conclusion than a general linear mixed-effects model. We also provide reliability analysis
results for further research.
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Figure 2.1. The plot about the wear level of right side tire at the front of cars. The vertical line corresponds tire
groove depth (mm) on each acceleration experiment. The horizon line corresponds the mileage (km) of cars.
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2. EJ0|0] HE Al X}= (Field Experiment Data of Tire)
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Figure 2.2. The plot describing the tire wear data: The blue point corresponds the left front tire and the red
point corresponds the right front tire. The tire groove depth of fifth car on the last experiment is missing.
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3. OO 24 (Data Analysis)

3.1. 23 HgH(Model fitting procedure)
24014 AXE lolelol B2t AFETRAL T} 2o,

depth,; = Bo + Bimileage,; + B2I(location = right);; + v; + ey,
vi ~ N (0,00), eij ~N(0,02), i=1,...,5, j=1,....4 (3.1)
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Figure 3.1. The panel on the top left side in the figure is the plot of studentized residuals versus the fitted means.
The left side panel at the bottom is the normal Q-Q plot which provides a graphical way to determine the level of

normality.
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depthfj = fo + ,Blmileageij + B2I(location = right);; + vs + e,

vi ~ N (0,07), eij ~N(0,62), i=1,...,5, j=1,...,4. (3.2)
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Figure 3.2. The model-checking plot of the transformed model (3.2) for homoscedasticity.
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Figure 3.3. The residual plots of heavy-tailed linear mixed-effects model (3.3) and (3.4).

Table 3.1. The estimation results of models (3.3) and (3.4).

Variable Estimate Std. Error t-value p-value
intercept 279.234 4.8280 57.84 <0.0001
mileage —20.632 0.7646 —26.99 <0.0001
I(location = right) —5.796 4.3320 —13.38 <0.0001

log(c2) —2.180 0.6633

ot 0.0221 0.2237

log T —0.7975 0.5106

Zlo] B3 (3.3)04 AAgA] o Hdto] AFgt. =, 257
AR} ol Ao tisl 7Hd e ASdrh 2 7S vt Atk

Hoy:02=0, Ha:o2>0. (3.4)
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Table 4.1. The fitted random effects.

Variable Estimate
1 5.5494
2 —26.6156
3 15.6829
4 —3.1972
5 8.5805

Table 4.2. The predicted life time of both sides of a tire at the front of the cars. the unit is km.

id left right left-right
1 225,035 177,873 47,162
2 209,445 165,702 43,743
3 229,946 181,707 48,239
4 220,795 174,563 46,232
5 226,504 179,020 47,484

I ok AARFTATL AF wEEAE 18 ¥ AE WY
—2REML EI-9%E3ke] Xfo|gteltt. o] xpo]ghe 22.78 Al4b= o] Xt}
2rpdel mE0e A 00 goms HeA ARALNIA AAE
7, S 7BEAE 052 3 grolth (Verbeke?}l Molenberghs, 2003). 7
p-values A4FsHd o33} 2t
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4. 22| 24 (Reliability Analysis)
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e 29 (3.3)01A R ‘depth’(F9] Zol)7} 2.0mm<e W, Z47ke] AEol| A9 ‘mileage’ (ZU“
Azl)el F8 A= A5 $9AZko] At Table 4.13} Table 4.2 747 A58 A 3hd Hza e}
A5 A YERATE Table 4.2004 Al AR AFojl M A5} 25 Brojoj] 9 A7ke] A}
ol7k V¢ A F WAl AFolA A% e 2% Epojojo] LAY Aot 7 e B 5 Stk
°]2]3 3= Table 4.19] A58 WA} 2AA7F W= 2 & 5 Aok (Paik 5, 2015).

5. 28 %Y E92|(Conclusion and Discussion)

Noh9} Lee (2011)8] R 37]4] dhglm®] RHNIEFE Ao N 7P £ APTFRFP S do}
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