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Summary
We consider an agreement index of multiple raters for dgnselasured longitudinal data. In order to accom-

modate a curvature feature in data and reduce ill-specifiedeierror, nonparametric mean function is added
In the linear mixed model. Based on the model, we proposanevarying agreement index, namely functional
Concordance Correlation Coefficient(FCCC). The FCCC nressaidegree of total-, inter-, intra-raters agreement
at each measurement occasion. The indices are robust egdurectional form of population characteristic and
Informative about the source of disagreements. FCCCs stiggections on how to improve agreement among
multiple raters based on a detail source of disagreementiiove. \We compare the performance of FCCCs with
the Unified Concordance Correlation Coefficients for lomgghal/functional data.

| ntroduction

Agreemenmmeasures the “closeness” between readings, and contdhnadmiracy and precision. Assessment of
agreement is essential in many fields. Of interest is to dyaagreement to decide

e whether or not new assay is acceptable with respect to thestghdard
e whether or not methodologies can be used interchangeatiycther

Much work has been done on measurement agreement for intlauatata. For the repeated measurements, the
Unified Concordance Correlation Coefficient(UCCC) is a papagreement index for multiple raters.
The model for UCCC is &vo way ANOVA .

Vi = L +a + B+ Vi + &ij (1)

wherey;; Is the ly, observation of subjeat taken by rater] fori=1,....n, | =1,....K,

=1, . (0,0%(t)); Z [3, =0; yj ~ (0,0y); & ~ (0,07)
Based on the model (1), Lin et al. (2007) proposed UCCC

,m; 1 Is the overall meamy, ~

, 2 2 2
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CCG = d ’ CCG — ) CCG — -
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whereos = 5 Z (Bj — Bj)“/k(k—1)
J=1j=j+1

e Each UCCC includeprecision and accuracy

e The assumptions in model (1)Ya common set of occasiori$, a balanced datasét) discrete covariatesare
difficult to satisfy in practice.

e Linear mixed modehas flexibility in accommodating any degree of imbalanceflielimpact of covariates are
restricted in specified function#ll-specified model raises errors, and it leads to unréiagreement indices.

Approach: we propose a FCCC for densely measured longitudinal datdbas partially linear model
with random covariates, robust against the number and gimiroccasions and a functional form of time in data.

M odel

For the sake of simplicity, balanced data is assumed. Sep;bna$y k(1)) is the response of thg, subject inj

method and, possible other effect at timg i =1i,---,1, j=1,- k=1,--- K, 1=1,--- L.
yijk(tl) = H(t|)+a4+aj+w<+€ijk(tl) (2)
wherep(t): smooth function; Z a; =0; Z Vo= 0;a ~ (0,04(11)); &(t) ~GP(O,Ri(t))

J_
The general expresion of model (2) is :

Yi(t) =ut) +XB+Zu+&(h)

wherep(t) is smooth functionf = |a’, yT}T; u=[ag, -, a] ~ (0,02 xI1.); &) ~GP(0,

Ri(t)). &jk(ti) andu; are independent.

Step 0 Set initial values @8, u, u(-)
Step 1 Calculate,7¥; 7(-) =Y(-)— f1(-)
Step 2 Estimate vayi(t)) =

step 3 An natural estimator far?(t)) = E (r”k(u)) IS the kernel estimator.

step 4 Based on the fast (t) = E(Var

step 5 Obtair3, 4, i )
u

Estimation

_XTB, F() =Y ()~ () —XTB—ZTa
= 02(t) + a2, Vi by following kernel estimator.

>3 Sk Y i Kny (1)

Vi (t = kI ™
”k( )= Y12 -1 k1 X1 Kny (t-1)

Because the variances only depends on tvhg(t) ) is the same for all subject at tinye

Zu 1371 T 2 Flfa Knp (1)
Si-1Y -1 k-1 211 Kny(t=t)

(Viik (D)) +V(E(yij(t)|u)) = og(t) + of
52=15HV(t)—Rt)}, Vt=ty, .t

PN
e

aBu) = 7 (1) A
B = {(X (I =)V =X} X (1 =)WV = 7)Y )
0 = {(Z7(1-2)RY-7)Z2+GYH} 271 - 2R —.) (Y—X[s)

where.# stands for smoothing matrix.

Repeat step 2 through step 5 until all estimates converge.

Agreement indices

Agreements indexes for two effeats,  , are the same after switching corresponding variance|

of each effect. Here, agreement indicesy@t timet based on model (2) is following:

02 o2 0?2
FCC ; , FCC oy FCC u
Gowl(t) = 02+ 02(ty) + 02 Ciea(t) = 02+ o2(t) Cine(t) = 02 +302(t) + 02
5 5 K-1 K 5
whereg? = Z Z (aj—aj/)J(J_l) andoy = y (W—W/)K(K_l
iS19511 K=1k'=k+1

e Total-rater agreement: a measure of overall agreemenvéoy ®ccasion
e Intra-rataer agreement: how well is each rater in reprodpbim/herself at each occasion
e Inter-rater agreement: how well are different raters imodpcing each other at each occasion

= help to identify whether the disagreement is due to eitheadirater or inter-rater or both
= provide directions on how to improve agreement among nialtipethods

e Three indices decompose into precision and accuary

e Each index can be summarized into one numbers by the contceggroducibility for func-
tional data proposed by Li & Chow (2005).

FCCC‘I/ tal — / I:(':C(:‘t/otal

t)dt given a weight functionv(-)

Simulation Results

e3 ~N(0,1), u(t)=3xsint/10), a;=1, a,=-1, =2 ppb=1, yh=—-1 yy=—-2, =
05, jy= —05fori=1---10, j=1,2. k=1,---.6, | =1,---,100.
o &(t) ~GP(0,R(t)) where covg,, &,) = p" " for p = 0,0.2,0.5,0.7,0.9.

Figure 1.
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Estimates.
plot shows the average of estimates and true valeles\dp toa; and a, by time for

p =0,0.20.50.7,0.9. The right plot depicts the average of estimates and trueestorre-

sponding toy, - - -

, Vs over time by different correlations.

Table 1. The results of Monte Carlo simulation; The first column itRCCCs and others are
estimates of FCCC and UCCC lpywith equal weight.

Mean (std)

p=0 p=0.2 p=0.5 p=0.7 p=0.9

Inter
0.28

UCCC
FCCC

0.18 (0.12) 0.18 (0.12) 0.18 (0.12) 0.19 (0.13) 0.18 (0.13)
0.23(0.07) 0.23(0.08) 0.23(0.08) 0.23 (0.09) 0.23 (0.08)

INntra
0.25

UCCC
FCCC

0.13(0.08) 0.13(0.10) 0.13(0.10) 0.14 (0.11) 0.14 ( 0.10)
0.22(0.10)) 0.21(0.10) 0.21(0.10)| 0.21 (0.11) 0.22 (0.11)

Total
0.24

UCCC
FCCC

0.13(0.10) 0.13(0.10) 0.13(0.10) 0.14 (0.11) 0.13(0.10)
0.20 (0.07) 0.20 (0.07) 0.20 (0.07 ) 0.20 (0.08) 0.22 (0.08)

FCCCs are close to true indeices while every UCCC underatgsthe magnitude of agree-

ments.

Conclusions

e FCCCs outperform UCCCs when there is non-linear time tramubpulation.
e FCCCs are a function of time which fits to the characteristiongitudinal data.
e FCCCs are close to true values, but slightly underestinfsiieoptimal bandwidth proposed

by Ru
sSmoot
sSmoot

ppert et al. (1995) was applied to estimate a nonparanfenction via local linear
ner. Based on our another simulation result, the @btbandwidth tends to over-

N data.

= The bias leads to smaller quantity of agreement.

e The model (2) explaines time trend in measurementsuyia while the impact of the ex-
planatory variables on responds are time invariant.
= Functional mixed effects model can be applied to assess sureaent agreement index.
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