A BOOTSTRAP TEST FOR INFORMATIVE INTRA - CLUSTER GROUP SIZES IN CLUSTERED DATA
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> Step I: Test statistic T = T(V), where V = (V, ..., V). M=50
e Clustered data are observed in various domains. Simulation studies _
> Step 2: Consider jt"* bootstrap sample, j = 1,..,B. 1
e Units within a cluster are correlated while units between * Permute the units in each group within a cluster. *M = 50 and 100 clusters, B = 500 and 1000 bootstrap
clusters are independent. samples and 500 Monte Carlo iterations. e
Example: in dental studies, individuals are clusters and ) Resa.mp le M clustérs_from the permuted data set by e Test statistics for oroup 0 are Ton T and for eroun 1 i
teeth in an individual are units within a cluster. repeating forevery i = 1,..., M. T T StOEP FOr T MO STOUP 06" E
- Draw a random cluster V with index i* from arc 1ru fema '
e Informative intra-cluster group size ({ICCGS) [1, 2] : t1, ..., M} *LetY;y; =05+ a; + e andY;g = 0.5 + a; + ey where E 0.4-
Ogtcomes from a group n a cluster can be as.sociated - If (Njx1 = Nj1) N (Nj=9 = Njg) then the bootstrap a:~N(0,1); where a; = random cluster effect E
with the no. of units belonging to that group 1n that ) ) @
cluster. | Nig; Yy, oo Vi e1~N(0,0.3) and eo~N(0.01,0.3),i=12,..,M 210
clusteris V*j; = (0) (0)l . - . . 0
e There does not exist a statistical method to test the Nio ¥ixg's -+ iy i0 > Empirical size c('aISC)ulatwn UEJ ve-
: : Ni1—1)~Poi(15), (N;1—1)~Poi(12 -
existence of IICGS 1n a clustered data. where {Yl(1 )’ . Yl(l\}) } and Ylgo)’ . ngv ) } tepresent the ( 1.1 ) (Ni1—1) (12) i
11 L0 | « Nominal size = 0.05 06- =
e We propose a bootstrap based hypothesis testing of observations of the group 1 and group 0, respectively.
IICGS 1n clustered data - assuming exchangeability - If (Njx1 = Nj1) N (N9 < Njg) then the bootstrap - | 04-
within groups 1n a cluster [3]. cluster 1s merged from two matching clusters;
- - - Ni1; Y(l) A 0.1 0.2 0.3 0.4 05
e Through simulation studies, we show that our method VE. — i"Niy ' ' v ' '
can accurately detect IICGS 1n clustered data. Tt N:o: Y0 y.SP), y () A | 100 0'062 0.1 14 0.05 8 0'090
0T TN TNy g +1)" ™ Tk ONie 1000] 0.064] 0.112] 0.058

where k0 = argmingy(Dy(Vi<o, Vio): Nig = Nig) ' M=100
METHODOLOGY - If (N;xg = Njp) N (N;+q4 < N;7) then the bootstrap Table 1: Empirical sizes 0- ——
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cluster 1s merged from two matching clusters; 09-
M = No. of clusters N Y(O) Y(O) > Power calculation
— i0 a *N; . . 0.8- o
B = No. of bootstrap samples Ve = e . (Niz—1)~Poi(15(exp(ya;)), (Nip—1)~Poi(12(exp(ya;)) =
Yy, = k" ob tion in the i*" cluster ! N; Y(l) Y(l) Y(l) DA =
e B ORRETEIO TR e L k1(Npey+1) " TeLNG y =0.1,0.2,0.3,0.4,0.5 507 .
N; = No. of observations in the i*" cluster. a where k1 = argming,, (D1 (Viq, Vie): Niy = Nip) . . ED_E_
N;o = No. of observations of group 0 1n the i*" cluster If (N;+; < Nip) N : - 0o
- i*1 i1) N (N;+g < Njp) then the bootstrap — 05-
Ic\;lil = I\(T}O. of Obser\];ati(i?s (?f C%.roup 1 in the it" cluster. cluster 1s merged from two matching clusters; _E 10-
i = Group membership indicator. -100 -0.52 -0.28 -0.65 -0.34 =
V; = {N, Yy,Gyt, k=1,..,Nyi = 1,.., M Nias Yol oo Vi Yl Ly £ 00"
i = Ny Yi,Gigy, ke = 1,0, N, e R K1(Npry+1) " TeLNG 100 0.834] 0.496] 0.902]  0.556 £
~ ~ ~ ~ Jji— 0 08- ™
- Hy: E(y) =F(y) vs. Hy: E(y) # F(y) Nig; Y50, . ,yf‘}@w yﬂg’zN 1y Yeone 1000| 0.834] 0.504] 0.906 .
v N . 0.7-
where F(y) = Zi:lzkﬂ;_(yiksy Gue=d)  hd Table 2: Statistical power when y = 0.1 e
it Tl [(Gig=a) » jt" bootstrap sample: V¥ = (V*]-l, e V*jM) and test |
e . 05- | | | |
_ Siz1n dzklll(ylk <y,Gik=a) statistic: T = T(V?)). CONCLUSIONS 0.1 0.2 0.3 0.4 05
F(y) = - TR where d = 0,1 [1] — y
i= 121\1 k=1"\Tlk™ 1 «
d > Step 3: Compute the p —value as EZ (T =T). * Our bootstrap based nonparametric hypothesis testing o
e Test statistics: Note: The distance between two clusters is defined as: for IICGS detection is robust in terms of being free from Test_Statistics = T = Tow = Tn = Tew
_ _ in{N;: N; distributional tions. . . .
1) Tr =sup |F(y) — F(y)| min{Ni, N1 ) ) afly CISHTDLTONAL asstib 1ons. . o Figure 1:Power curves for different choices of M
y D, (Viy,Vj1) = (min{N;y, Ny )72 Z (Yl(lk)l Y](1k)1)2 * Our methoq, based on TF statistic, maintains the type-1
2)Teny = Zke:][ kM, [(F.(y) — F())? dy] =4 error rate (size) at the target level of 0.05. REFERENCES
_ . . min{N;o.N jo} * Qur test has high power under a variety of simulation e ——
where J: set of unique cluster size, to-=J0 © _ O " T . D the i o . .
M, : no. of clusters of size k, Dy (Vio: Vjo) = (min{Nio» Njo})_1 2 (Yioro — ]ORO)Z > nll)gs. . le ptower INETEAses Wi & IEIEase 1 e :1: Dutta S, Datta S. Biometrics. 2016;72:432-40.
) Lo o KO=1 numper o1 CIUSIers. 2] Dutta S, Datta S. Stat. Med. 2018;72:4807-22.
E.(y) = I 2i=1 221 I(N; =k, Y;; i< < y) : estimator of For tied distances, choose one of the clusters at random. * In fut}lre, we plan.t.o extend our m.ethod to account for 3] Nevalainen J, Oja H, Datta S. Stat. Med. 2017;
the distribution of cluster size k [3]. covariate(s) in addition to the grouping factor. 36:2630-40.
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