
1 
 

‟Ґ ᾨ Ḫ ᵆ Е ԓ

 

 

1  ׂ 1  ḍ 1 ̂ ᵬ ̃ 

1Ҭ ̆ ̆510006 

 

   ȁ ҹ Ҭ̆ ᴪ ⌠

̆ ԍ ȁ ȁ Ȃ Ҍ ̆

ѿ֓ ῒ Ẋ ׆̆ ᵀ ֟ Ẓ Ȃ ̆

≠ ‗ Ҭ ̆ᵖ ԍ ᴆ

└̆ Ҭ ₮ 1 2 Ẓ ’Ȃ ԍᴰ

ᵌ ᵀ (Maximum Likelihood, ML)ᶭ ̆ Ҋ ₮ ᵀ

Ȃ ᵀ ’Ҋ ΐ ᴨ̆לᵖҍ

̆Ӟ ⌠ᾢ Ḥ Һ Ȃҹԅ ᵀ Ҭ ᾢ Ḥ

̆ ҍᴰ ̆ ԍ ̆≠ ̆ Ҍ

( №≢ҹ № ȁ ҍԋ№ )ȁ

ῤ ῏ (Intraclass Correlation Coefficient, ICC)’Ҋ̆ Ҍ Ḥ Ẓ

ᾢ Ḥ ᵀ Ȃ ᵣ ̆ ᵀ Ҭ ṿҤ Ẓ ṿ ᾢ №

ᴪ ᵀ ̆ ≢ ICC ץ̆ ᾢ №

’̆ғ ҹ № ԋ№ ̆ ᾢ Ḥ ҹ Ȃ

Ҭ ᾢ Ḥ ᵀ ₮ ̆ ҹ ᵀ Ҭ

ᾢ № ᶫѿ ᾟ Ȃ 

 

῏   ̕ ̕ ᵀ ̕ ᾢ Ḥ   
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The Influence of Inaccurate Informative Priors on Bayesian 

Estimation in Small Samples: A Study Based on Multilevel Modeling 
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1. Department of Psychology, Sun Yat-sen University, China 

 

Abstract 

In the research of psychology, education, and organizational behavior, researchers often 

encounter multilevel data with hierarchical structures (e.g., participants may cluster within 

communities, classes, or clinics). Ignoring the hierarchical structures of data may lead to a violation 

of the independence assumption of some models, resulting in biased parameter estimates. Therefore, 

researchers often need to conduct multilevel modeling to solve the statistical problems caused by 

non-independent observations. However, due to the limitation of objective conditions, in real studies, 

the sample sizes of level 1 and/or level 2 are often small in hierarchical data. Traditional frequentist-

based maximum likelihood (ML) approach, which relies on large-sample theory, might lead to 

problems in parameter estimation and model convergence in multilevel modeling with small 

samples. In contrast, Bayesian approach is often more advantageous in small samples, but it is also 

more susceptible to the subjective specification of priors.  

To investigate the potentially detrimental effects of inaccurate prior information on Bayesian 

approaches and compare their performance to the traditional approaches, we conducted a series of 

simulations under the multilevel model framework with different dependent variable types (i.e., 

continuous normal, continuous non-normal, and binary dependent variables), sample sizes and 

intraclass correlation coefficients (ICCs). In sum, the results revealed the devastating impacts of 

inaccurate prior information on Bayesian estimation, especially in the cases of larger ICC, smaller 

level 2 sample size, and smaller prior variance. When the dependent variable was non-normal or 

binary, these negative effects were more obvious. The present study investigated the impacts of 

inaccurate prior information on Bayesian estimation and provided advice on the specification of 

priors. We hope that it could contribute to strengthening the theoretical and practical understanding 

of prior specifications. 

 

Key words Multilevel Modeling; Small Samples; Bayesian Modeling; Inaccurate Prior Information 
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1  

ȁ ᴪ ҹ Ҭ̆ ᴪ ⌠ ̆

Ӟ ҹ (Aryee et al., 2012; Holtmann et al., 2016; Hox et al., 2017)Ȃ Ҭ̆

Ҍ ȁ ȁῈ ȁ ̆ ԍ ѿ ῤ ҩᵣ ẁ ԍ ⌠ѿ

̆ Ҭ ῤ ѿ (Sutton et al., 2013)Ȃ Ҭ̆

Ҍ ̆ ѿ ῤҩᵣ ᶭ ᴪ ѿ֓ ( , 

ᾝ ) Ẋ (Cornfield, 1978; Rutterford et al., 2015; Van Breukelen & 

Candel, 2012)̆ ׆ ᶏ ᵀ ֟ Ẓ (McNeish, 2016)Ȃҹԅ ‗ ῤ

̆ (Multilevel 

Modeling; Ryu, 2015)Ȃ 

ᴰ ᵀ (Һ ҹ ᵌ ᵀ , Maximum Likelihood, 

ML)̆ᵖ ᶭ ̆ ₮ ȁ ᵀ

Ȃ ̆ ȁ ̆

№ (Campbell & Walters, 2014)Ȃ ≢ └ (cluster 

Randomised Controlled Trials, cRCT)Ҭ̆ ᴪ₮ (McNeish, 2016)Ȃ

Ԋ ҉̆ ̆ └ ̆ ῒ

└ ⌠ Ȃ └ (Randomised Controlled Trials, RCT)

‰(Campbell & Walters, 2014; Rutterford et al., 2015)̆ ᵖ ᶏ

ױ ẁ ԍ Ҍ ҩᵣҹ ᵝ Ȃ ֓ ̔ ⌠

└ȁ ľγ Ŀ(Treatment Contamination) (Campbell, 2019)̆

ץ ȁḂ≠ ȁ ҍ ᶭ׆ ̆⁞ ᴶ Ԉ (Rutterford et 

al., 2015)Ȃ ̆ ȁ ᴪ Ҭ̆ ≢ ҳ ̆ cRCT

№ (Campbell, 2019; Ribeiro et al., 2018)Ȃ 

⌠ᴰ Ҭ ̆ ₮ ≠ץ ‗

(Depaoli & van de Schoot, 2017; Kadane, 2015; McNeish, 2016; van de Schoot 

et al., 2014)Ȃ ̆ Ҭ̆ ML̆ ֽ

ץ ⌠ ҹ‰ ᵀ (Hox et al., 2012)Ȃ ѿᴨל ԍ

╠ֲ ᾢ Ḥ ̆ ᵀ ‰ (Depaoli & Clifton, 2015; McNeish, 2016)Ȃ

̆ ԍ ᶭ ӎ̆ᾢ № ’ ῃѿ ̆
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ᾢ Ḥ ᵀ Ȃ 

ѿ̆֓ ῏ ᾢ Ḥ ̆

(Multitrait-Multimethod, MTMM; Holtmann et al., 2016)ȁ (Depaoli, 2014; Shi & Tong, 

2017) CFA (Multiple Indicators, Multiple Causes Model, MIMIC; Finch & 

Miller, 2019) ȂHoltmannֲ(2016) Һ ԍMTMM ̆ ᴆҊҌ

ᵀ Ҭ Ȃῒ ̆ ᾢ Ḥ ( ᾢ №

)ᴪ ᵀ ̆p ( ᾢ № )

ᾢ Ḥ ῒ̆ᵀ ᴨԍ Ḥ ᾢ № ’Ȃ H̆oltmannֲ(2016)

Ҭ ԅң ̆ ̆ғẊ ҹ 2

(50-200)̕ ᵖ ѿ֓ Ҭ( cRCT)̆ ( 2) ѿ

ԍ 50̆ ῤ ( 1) ѿ Ҍ 100( ̆van der Putten et al., 2013; Ha et al., 

2017; Newton et al., 2018; Shen et al., 2019)Ȃ 

⌠cRCT ╠῏ԍ ᾢ Ḥ ̆

cRCTҹץ (McNeish, 2016)̆ ≠ (Monte Carlo)

Ȃ ԍ Ҭᾢ № Һ ̆ ῏ Ҭ̆

Ҍ Ḥ ץ ṿҌ Ẓ ᾢ Ḥ ᵀ ץ̆

ᵀ ᾢ № ̕ ̆ ᴰ (ML) ץ̆

ꜛ Ҭ ᵀ Ȃ ҹץ ’Ҋᵀ

Ҭᾢ № ᶫṢ Ȃ 

2 ᵀ  

2.1  

№ ץ̆ ‗ ῤ

(Ryu, 2015)Ȃ ץ № ҹҌ ( ҩ̆ᵣ

ȁ ץ ῒז )̆ ֓ ץ Ҍ ῍ (Heck & 

Thomas, 2015)̆ Ҍ ӊ ԑᵬ Ȃ 

⌠ ̆ Һ ῏ ҹ ̆ Ҍ

Ȃ ѿ Ӟ ‰ cRCTҬ (McNeish, 2016)Ȃ

Ὲ Ҋ(McNeish, 2016)̔  

ὣ ɓ  ὢ  ὢ  ὢ  Ὡ 1  
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 ὦ ὦ ὡ  ό 2  

 ὦ ὦ ὡ  ό 3  

 ὦ ὦ ὡ  ό 4  

 ὦ ὦ ὡ  ό 5  

 

1  

ῒҬ̆ὡ ҹ 2 ̆ cRCTҬѿ ҹԋ№ ̆ └ ̕ὢ Ȥ

ὢ ҹ 1 ̆ ≢ȁ ȁ ╠ Ȃɓҹ ̆ ɓȤ

ɓҹ ̆Ҋ Ὦ ֓ Ҍ ȂόȤό№≢

ҹ Ȥ ̆ ׆ ṿҹ 0̆ ҹῸ ᾝ № Ȃ 

ᴰ ҉̆ ≠ ᵀ (Depaoli & Clifton, 

2015)Ȃ ̆ ML Ҋ̆ Ẓᵀ № ╠

̆ (McNeish, 2016)Ȃ № Ҭ̆ (Level 2)

ᵀ ҹ ᵣ̆ ML ׆̆

Ẋ (Asparouhov & Muth®n, 2010)Ȃѿ ̆ Ҭ

̆ ᵣ ԍ № (Rutterford et al., 2015)̆ ԍ ῤ ̆

ⱬ(Ribeiro et al., 2018)Ȃ ₮̆ML

ᵣ Ҭ ҹ (McNeish & Stapleton, 2014)̆ ≢

1 2 ’Ҋ̆ᴰ ML Ҭ ᴪ ⌠ ץ

(Depaoli & Clifton, 2015; Hox & Maas, 2001; Hox et al., 2010; McNeish, 2016; Schoeneberger, 

2015)̆ ғ ᴪ₮ ᵀ Ҍ ȁҌ ’(Asparouhov & Muth®n, 2010; Hox 

& Maas, 2001; McNeish, 2016)Ȃ 

2.2 ᵆ  
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ҹԅ ‗ Ҭᴰ ȁ ᵀ

̆ ≠ץ ᵀ (Depaoli & van de Schoot, 2017; 

Kadane, 2015; McNeish, 2016; van de Schoot et al., 2014)Ȃѿ ̆ ’Ҋ̆

ᵀ ȁ ᵀ ᴰ ᴨ(Lee & Song, 2004; Muth®n & 

Asparouhov, 2012)̆ ≢ Ҭ ’Ҋ(Asparouhov & Muth®n, 2010; 

Hox et al., 2012; Muth®n & Asparouhov, 2012)Ȃ ̆ ҹ

̆ ≠ץ ᾢ Ḥ ᵌ ₱ ⌠ № Ҍ ṿ҉ (Lynch, 

2007)Ȃ ᴰ Ҍ ̆Ҍᶭ ԍ

(McNeish, 2016)Ȃ ᵀ Ҭ̆ ṿ № ץ ҹ(Lynch, 2007)̔  

ὴʃȿώᶿὴώȿʃὴʃ 6  

ῒҬ ώ̆ ʃ̆ Ȃὴʃȿώ ṿ № ̆

‗ԍᾢ Ḥ ὴʃ ᵌ ₱ ὴώȿʃ(Lynch, 2007)Ȃѿ ̆ ̆

№ Һ ‗ԍᵌ ₱ ̆ ⁞ ᾢ̆ Ḥ ᵀ Ӟ

Ȃ ̆ ’Ҋ̆ ԍᾢ № ⱴ (Holtmann et al., 2016; 

McNeish, 2016)Ȃ 

Ҍ № Ạ₮Ẋ Ӟ̆Ҍ ⌠ ᵀ

‰ ̆ ץ ᾥ ᴰ ’ ץ ⌠ (Depaoli & 

Clifton, 2015; Levy & Choi, 2013)Ȃ ѿᴨל ԍ ╠ֲ ᾢ Ḥ

̆ ᵀ ‰ (Depaoli & Clifton, 2015; McNeish, 2016)Ȃ ̆ᾢ №

ѿ Һ ғ̆ ԍ ᶭ ӎ̆ ₮ ᾢ №

’Ҍѿ ’̆ ₮ ᾢ Ḥ ’Ȃ 

ҹԅ ᵀ Ҋ̆Ҍ Ḥ ᾢ № ( ᾢ № Ҍ )

̆ѿ֓ Ҍ Ҋ ԅ (Depaoli & Clifton, 2015)Ȃ ̆

McNeish(2016) ץ cRCTҹ ̆ ̆≠ Ҍ ᵀ

ᵀ ̆ ᴰ MLȁ └ ᵌ ᵀ (Restricted Maximum 

Likelihood, REML) ᵀ ̕ Ҋ̆ ᾢ № Ҍ Ḥ

ᵀ Ȃῒ ᾢ̆ № ҬҌ Ḥ ᵀ

̆ ≢ ᵣ ȁ ҹ№ ’Ҋ(Lynch, 2007; McNeish, 2016)Ȃ

̆ ѿ ̆McNeish(2016) ԍᾢ № ̆ ԍῒᾢ №

ᶫ ᾢ Ẋ ̆ ᾢ Ḥ Ȃѿ ̆
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ᾢ Ḥ ᴪ ᵀ ̆ ≢ ’ҊȂp Ӟ

₮̆ ( ᾢ № ) ᾢ Ḥ ̆ῒᵀ ᴨԍ

Ḥ ᾢ № ’(Holtmann et al., 2016)Ȃ ╠̆ ԍ ᵀ Ҭ ᾢ Ḥ

ׅ Ҍ ̆ ῏ ⱴ ױ (Finch & Miller, 2019; 

Holtmann et al., 2016)Ȃ ̆ ԍ ҹ ̆ ѿ ↓

ץ̆ Ҍ ᴆҊ ᾢ Ḥ ᵀ Ȃ 

3  

3.1  

ԍ 1 1̆ Ҋץ ̔Ҍ ( 1

2 )ȁ ῤ ῏ (Intraclass Correlation Coefficient, ICC)ץ ᵀ Ȃ ≠

R ᴆ ̆ ≠ Mplus 8.0(Muth®n & Muth®n, 1998-2017) № Ȃ

ҹ ̆ Ҭ ׆ № Ȃ 

 

ľcluster Randomised Controlled TrialsĿץ ľmultilevelĿҹ῏ ̆ Web of Science

҉ 5 (2015-2019) ℮ ∆ ̆ ⌠95 ῏ Ȃ≠

ȁῃ ̆ Ҭ ῤ

̆ ⌠ῒ ’Ȃ 2 ̆ 5 cRCT Ҭ Һ Ҭԍ

10-40ӊ ̆ ῤ ԍ 100Ȃ ̆ ȁ ̆

ץ Depaoli  Clifton(2015) ̆ Ҭ 2 №≢ ҹ20̆30̆40̆50̕

1 №≢ҹ̔30̆60̆150Ȃ 

 
1 ῒҬ̆ὢ ᵬҹ ̆ ὢ ȁὢ ȁὡ ᵬԋ№ ̕  (ὦ -ὦ ) ṿ№≢

ҹ 0̆2.3̆-0.25̆-0.75̕ὡ  ᵬ (ὦ -ὦ ) ṿ№≢ ҹ 1.5̆ 0.12̆-0.05̆-0.75Ȃ 
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2 2015-2019cRCT Ҭ  

ICC 

Ҭ̆ ᴪ῏ Ҍ ICC ᵀ

ȂICC ץ 2 ᶛ̆ῒ Ὲ ҹ)##ʎȾʎ

ʎ ̆ῒҬʎ ʎ№≢ 1 2 ȂICC ̆ ԍ

ῤ Ȃ ╠ֲ ̆ ICC ̆D ₮ ᵀ

ץ (Hox & Maas, 2001; Preacher et al., 2011; Koch et al., 2015)̆

ᵀ ץ ICC ׅ ⌠‰ ᵀ (Hox et al., 2012; Muth®n & 

Asparouhov, 2012)Ȃ ̆ICC ̆ Ḥ ᾢ 2

ᵀ Ẓ (Depaoli & Clifton, 2015)Ȃ ̆ MIMICҬ̆ ԍ

2 ᵀ Ẓ ᴪ ICC ̆ ⱬ ICC ⁞ (Cao et al., 2019; 

Finch & French, 2011)ȂFangֲ(2019)₮̆ ץ ѿ Ҭ̆

ICC ԍ ᵀ ῒזᵀ Ȃ 

ѿ ̆ ICC ² 0.059̆ ̆ᶏ №

(Cohen, 1988)Ȃ╠ֲ῏ԍ Ҭ Һ̆ ῏ ICC׃ԍ0.05⌠0.2ӊ (e.g., 

Depaoli & Clifton, 2015; Hox et al., 2010; L¿dtke et al., 2011; Preacher et al., 2011)̆

Ҭ ICCӞ №ҹ0.05ȁ0.10.2҈ҩ Ȃҹԅᶏ ICC №≢ҹ0.05ȁ0.10.2̆

Ҭ ҩ ӊ (Depaoli & Clifton, 2015)Ȃ 

ᵀ  

0
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400

450

0 10 20 30 40 50 60

ῤ
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ᶏ ᵀ ҹᴰ ML2ᵀ ץ Ȃ №

ҹ Ḥ ᾢ Ḥ ᾢ ’Ȃ Ḥ ᾢ ᵀ Ҭ̆ ᾢ

№ N(ʈ, ʎ2)Ȃʈ№ 5ҩ ̆ Ẓ̕ /Ẓ ṿ 1 ҩ ‰ (Standard 

Deviation, SD)̕ץ /Ẓ ṿ3SDȂʎ2№3ҩ №̆≢ҹ ṿ 10%ȁ

20%ȁ50% (Depaoli, 2014)Ȃץὦ ( ṿҹ 1.5)ҹᶛ̆ῒ 15 Ҍ Ẓ Ḥ ᾢ

№ 3 Ȃⱴ҉ Ḥ ᾢ ’( Mplus ̆ ᾢ

№ ṿҹ 0̆ ҹ )̆ 1+5*3=16ᾢ № ȂῬⱴ҉ᴰ

ᵀ (ML)̆ 17ᵀ Ȃ 

 

3 Ҍ Ẓ Ḥ ᾢ №  (b01ҹᶛץ)

҉̆ 3*4*3*17=612ᴆ Ȃҹԅ⁞ ᵀ Ҭ Ẽ

Ẓ ̆ ҩ ᴆҊ 100ҩ ᵀ Ȃ 

3.2 ᵆ  

ҹԅ Ҍ ᵀ ᵀ ᵀ̆ ᾢ ᴆҊ

̆Ῥ ⌠ ̆ 5ҩ ȁ № Ȃ ᵀ

ᵀ Ẓ (Relative Bias)ȁ ‰ ᶛȁ (Mean Square Error)ȁ95%Ḥ

(Confidence Interval) Ḥ (Credible Interval) (95% CI ) ⱬ(Power)Ȃ 

3.3  

 
2 Mplus ẫ ᵌ ᵀ (Robust Maximum Likelihood Estimator, MLR) 
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ҹ ̆ ’Ҭ̆ ⌠ Ȃ

Ҍ ᾢ № ̆ ᵀ № Ȃҹԅ

Ҍ ⌠Ҍ ῒ֜ԑᵬ ̆ ҩ Ҭ

ᵀ № (ῒҬ̆ ⌠ Ẓ ₮ ’̆

№ Ҭ Ẓ ṿ Ῥ № )Ȃ  1 ̆ ᵣ ̆ ᵀ

Ҍ ҉ ⌠ICCȁ 1 2 ȁᾢ № ȁ ṿẒ ṿ

̆ғҌ ӊ ԑ Ȃ 

cRCTҬ̆ ῏ 2 W1j ὦ Ȃ ҹ̆ԅᶏ

№ Ҋץ̆ ὦץ ҹᶛ̆№≢ ῒ ᵀ Ẓ ȁ ‰

ᶛ ᵀ № Ȃ 

Ẓ  

Ẓ ⌠ Ҭ̆ ᵀ ⌠ ṿ ԍ ṿ Ẓ ̆

ῒ Ὲ ҹὙὩὰὥὸὭὺὩ ὄὭὥίʃ ʃȾʃȂῒҬ ʃ̆ ⌠ Ҭ̆

ᵀ ṿ̕ʃ ṿȂ Ẓ ῤץ¤10% ץ ̆ ץ ҹ Ẓ ᵀ

(Flora & Curran, 2004)Ȃ 

ᵣ ̆ ᵀ Ẓ ᵣѿ Ȃץὦ ᵀ Ẓ

ҹᶛ( 4)̆ML Ḥ ᾢ ᵀ ҹ ̆ Ҍ ⌠Ҍ ICC

Ȃ ԍ Ḥ ᾢ ̆ῒ ᵀ Ẓ ᴪ ⌠ 2 ȁᾢ №

ץ ῒ ṿẒ ṿ ῍ ̆ 1 Ẓ

Ҍ Ȃѿ ̆ 2 ᾢ № ̆ᾢ № ṿ ṿ Ẓ

Ẓ Ӟ ⁞ Ȃ ԍcRCT Ҭ ῏ ֟

(ὦ )̆ ῒᾢ Ҭ Ḥ Ẓ ᴪ ICC⁞ ⁞

ȂᵖICC ל ῒז Ҭ Ҍ Ȃ 

‰ ᶛ 

‰ ᶛ ⌠ Ҭ̆ ‰ ᵀ ṿ(Standard Error, SE) SD

ᶛȂ ‰ ᵀ ‰ ̆ԋ ᶛ ԍ1Ȃѿ ̆ ‰ ᶛ ԍ0.9׃

1.1ӊ (Cham et al., 2012)Ȃ 

ὦ ‰ ᶛ 5 Ȃ ᵣ ̆ Ḥ ᾢ ᵀ ᵀ ‰

ᶛ ̆ғ ץ Ȃ ᾢ № ᾢ̆ Ḥ

⁞ ̆ ‰ ᶛӞ ⁞ 1 Ȃ 2 Ӟ ⁞

ch
in

aX
iv

:2
02

01
0.

00
07

3v
1



11 

Ḥ ᾢ ᵀ Ҭ ‰ ᶛ Ȃ ᾢ № ṿẒ ṿ

ῒ̆ ‰ ᶛ ԍ ᴆҊ ᾢ Ḥ ’Ȃ ICC ⁞ ̆ ᾢ Ḥ

‰ ᶛ Ӟ ⁞ Ȃ 

 

⌠ Ҭ̆ ᵀ ṿȂῒ Ὲ ҹ

ὓὩὥὲ ὛήόὥὶὩ ὉὶὶέὶВʃ ʃ Ⱦ ȂῒҬ̆ʃ ⌠ ̆ iҩ

⌠ ᵀ ṿ̕ʃ ṿȂ ̆ ᵀ ‰ Ȃ 

6 ̆ ’Ҋ̆ML Ḥ ᾢ ᵀ ẁ ԍ ⌠

Ȃ ᾢ Ḥ ᵀ ᴨ̆ ᾢ Ḥ ᴪ

ⱴ ᵀ Ȃ ICC ⁞ ץ 1ȁ 2

̆ᾢ № ṿẒ ṿ Ӟ ⁞ Ȃ 2 ̆

1 ԍ Ȃ 2 ĬCC ԍ ᾢ

Ḥ ᵬ Ӟ ⁞ Ȃ ᾢ̆ № ̆ ᾢ Ḥ

Ӟ Ȃ 

 

Ҭ̆ ṿ 95%Ḥ Ḥ ҹ95% CI

Ȃ ̆ Ҋ ⌠ Ḥ ᶭ ╠ Ẋ ̆

Ҋ Ḥ № №ᵝṿ ⌠̆ Ҍ Ẋ

׆ ѿ№ Ȃ ᵀ ‰ ̆95% 0.95Ȃѿ ̆95% CI

ԍ0.9 ץ (Collins et al., 2001)Ȃ 

7 ̆ ᵣ ̆ 2 ̆ ᵀ 95% CI 

̆ᵖ 1 ԍ95% CI Ҍ Ȃ ԍ Ḥ ᾢ

ᵀ ̆ѿ ̆ᾢ № ṿẒ ṿ ̆95% CI ᵞȂ ᾢ №

ṿẒ ṿ Ҍ 1ҩ ‰ ̆ ᵀ 95% CI ԍ ץ

( ԍ90%)̕ ᾢ № ṿẒ ṿ (Ẓ ṿ3ҩ ‰ )̆

ᵀ 95% CI ᴪ ⌠ Ȃ ICC ⁞ ץ 2

̆ ᾢ Ḥ 95% CI ⁞ ̕ ̆ICC ל

ῒז Ҭ Ҍ Ȃ 

ⱬ 

ⱬ Ẋ ҹẊ ’Ҋ Ẋ̆ ⱳ Ẋ Ȃ ṿҌ
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ҹ 0 ’Ҋ̆ ⌠ Ҭ̆ ᵀ ⌠ 95%Ḥ (Confidence 

Interval) Ḥ (Credible Interval)Ҍ 0 ᶛȂ ⱬ ԍ0.8ѿ ץ

(Cohen, 1988; Muth®n & Muth®n, 2002)Ȃ 

8 ̆ ȁICC ̆ML Ḥ ᾢ ᵀ

ⱬ ᵞȂ ԍ ᶫ ᾢ Ḥ ᵀ ̆ ᶏ ’Ҋ̆ῒ ᵀ

ⱬׅ ԍ ץ ( ⱬ ԍ 0.8)Ȃᵞᵀ ᾢ Ḥ

ᵞ ᵀ ⱬ̆ ᵀ ᾢ Ḥ ⱬӞ ̆p

ѿ Ȃ 2 ץ ICC ⁞ ̆ ᾢ Ḥ ⱬ

Ӟ ⁞ Ȃ 

 

̆ ᵀ Ḥ ᾢ ̆ῒ ᵀ ᴨ̆ ≢

ᵀ Ẓ Ȃ Ḥ ᾢ ᵀ ML ᵀ ҉ ₮

ҹ ᵌ ̆ῒ ⱬ Ҍᶃ̆ ≢ ȁICC

’ҊȂ ᾢ № ṿ ṿ Ẓ ̆ ICC 2 ᴪ

ᾢ Ḥ ᵀ Ȃᾢ № Ḥ ῒ̆ ᾢ Ḥ

ᵀ Ӟ Ȃ 
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 1 ⅎ partial ɖ2  

 
   95% CI   

ML  BD INF ML  BD INF ML  BD INF ML  BD INF ML  BD INF 

ICC 0.004  0.005  0.001  0.016  0.022  0.024  0.014  0.013  0.135  0.002  0.001  0.008  0.000  0.007  0.001  

L2 0.092  0.093  0.127  0.028  0.152  0.925  0.160  0.159  0.153  0.004  0.002  0.036  0.124  0.284  0.067  

L1 0.036  0.037  0.020  0.007  0.010  0.690  0.064  0.064  0.014  0.001  0.002  0.004  0.065  0.085  0.019  

mag - - 0.891  - - 0.496  - - 0.540  - - 0.765  - - 0.205  

strength - - 0.386  - - 0.956  - - 0.058  - - 0.077  - - 0.108  

ICC * L2 0.001  0.001  0.000  0.015  0.019  0.103  0.002  0.002  0.015  0.002  0.001  0.000  0.006  0.010  0.002  

ICC * L1 0.001  0.001  0.000  0.009  0.011  0.136  0.001  0.001  0.001  0.002  0.001  0.000  0.001  0.002  0.000  

ICC * mag - - 0.000  - - 0.002  - - 0.169  - - 0.016  - - 0.006  

ICC * strength - - 0.000  - - 0.000  - - 0.008  - - 0.001  - - 0.000  

L2 * L1 0.001  0.001  0.000  0.027  0.042  0.462  0.007  0.007  0.001  0.001  0.002  0.000  0.003  0.004  0.001  

L2 * mag - - 0.167  - - 0.256  - - 0.185  - - 0.095  - - 0.001  

L2 * strength - - 0.013  - - 0.471  - - 0.010  - - 0.002  - - 0.006  

L1 * mag - - 0.024  - - 0.007  - - 0.010  - - 0.008  - - 0.000  

L1 * strength - - 0.001  - - 0.187  - - 0.001  - - 0.000  - - 0.002  

mag * strength - - 0.070  - - 0.083  - - 0.001  - - 0.209  - - 0.013  

ICC * L2 * L1 0.002  0.002  0.000  0.031  0.030  0.098  0.002  0.002  0.000  0.002  0.004  0.001  0.004  0.004  0.001  

ICC * L2 * mag - - 0.000  - - 0.007  - - 0.027  - - 0.001  - - 0.001  

ICC * L2 * strength - - 0.000  - - 0.011  - - 0.007  - - 0.000  - - 0.001  

ICC * L1 * mag - - 0.001  - - 0.005  - - 0.001  - - 0.000  - - 0.000  

ICC * L1 * strength - - 0.000  - - 0.011  - - 0.000  - - 0.000  - - 0.000  

ICC * mag * strength - - 0.000  - - 0.000  - - 0.006  - - 0.002  - - 0.000  

L2 * L1 * mag - - 0.001  - - 0.007  - - 0.004  - - 0.001  - - 0.001  
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   95% CI   

ML  BD INF ML  BD INF ML  BD INF ML  BD INF ML  BD INF 

L2 * L1 * strength - - 0.000  - - 0.024  - - 0.000  - - 0.000  - - 0.000  

L2 * mag * strength - - 0.014  - - 0.027  - - 0.005  - - 0.002  - - 0.007  

L1 * mag * strength - - 0.001  - - 0.001  - - 0.000  - - 0.001  - - 0.001  

ICC * L2 * L1 * mag - - 0.000  - - 0.010  - - 0.000  - - 0.000  - - 0.000  

ICC * L2 * L1 * strength - - 0.000  - - 0.009  - - 0.000  - - 0.000  - - 0.000  

ICC * L2 * mag * strength - - 0.000  - - 0.001  - - 0.011  - - 0.001  - - 0.000  

ICC * L1 * mag * strength - - 0.000  - - 0.001  - - 0.000  - - 0.000  - - 0.000  

L2 * L1 * mag * strength - - 0.000  - - 0.001  - - 0.000  - - 0.000  - - 0.000  

ICC * L2 * L1 * mag * strength - - 0.000  - - 0.001  - - 0.000  - - 0.000  - - 0.000  

̔ŵMLҹ ᵌ ᵀ ̕BDҹ Ḥ ᾢ ᵀ ̕INFҹ Ḥ ᾢ ᵀ ȂŶICCҹ ῤ ῏ ̕L1 L2№≢ 1 2 ̕mag ᾢ № ṿẒ ṿ ̕strength

ᾢ № Ȃŷⱴ Ҭ ҉ץ ̆ partial ɖ2 ԍ0.06Ȃ  
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4 Ẓ ᶛ 

̔ŵRBҹ Ẓ ̕BDҹ Ḥ ᾢ ᵀ ̕L3ҹᾢ № ṿ Ẓ ṿ3ҩ ‰ ̕L1 Ẓ ṿ1ҩ ‰ ̕C ᶫ ᾢ Ḥ ̕R1 Ẓ ṿ1ҩ ‰ ̕R3 Ẓ ṿ3ҩ

‰ ȂW ᾢ Ḥ № ( ṿ 50%)̆M ᾢ Ḥ № Ҭ ( ṿ 20%)̆S ᾢ Ḥ № ( ṿ 10%)ȂŶ Ҭ Ẓ ҹ0 ̕҉Ҋң

⅞ №≢ҹ-10 10̆ Ẓ Ȃ  
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5 ‰ ᶛ ᶛ 

̔ŵSE_SDҹ ‰ ᶛ̕BDҹ Ḥ ᾢ ᵀ ̕L3ҹᾢ № ṿ Ẓ ṿ3ҩ ‰ ̕L1 Ẓ ṿ1ҩ ‰ ̕C ᶫ ᾢ Ḥ ̕R1 Ẓ ṿ1ҩ ‰ ̕R3 Ẓ

ṿ3ҩ ‰ ȂW ᾢ Ḥ № ( ṿ 50%)̆M ᾢ Ḥ № Ҭ ( ṿ 20%)̆S ᾢ Ḥ № ( ṿ 10%)ȂŶ Ҭ ‰ ᶛ ҹ1 ̕҉Ҋ

ң ⅞ №≢ҹ0.91.1̆ ‰ ᶛ Ȃ
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6 ᶛ 

̔MSEҹ ̕BDҹ Ḥ ᾢ ᵀ ̕L3ҹᾢ № ṿ Ẓ ṿ3ҩ ‰ ̕L1 Ẓ ṿ1ҩ ‰ ̕C ᶫ ᾢ Ḥ ̕R1 Ẓ ṿ1ҩ ‰ ̕R3 Ẓ ṿ3ҩ

‰ ȂW ᾢ Ḥ № ( ṿ 50%)̆ M ᾢ Ḥ № Ҭ ( ṿ 20%)̆ S ᾢ Ḥ № ( ṿ 10%)Ȃ 
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7 95% CI ᶛ 

̔ŵBDҹ Ḥ ᾢ ᵀ ̕L3ҹᾢ № ṿ Ẓ ṿ3ҩ ‰ ̕L1 Ẓ ṿ1ҩ ‰ ̕C ᶫ ᾢ Ḥ ̕R1 Ẓ ṿ1ҩ ‰ ̕R3 Ẓ ṿ3ҩ ‰ ȂW

ᾢ Ḥ № ( ṿ 50%)̆ M ᾢ Ḥ № Ҭ ( ṿ 20%)̆ S ᾢ Ḥ № ( ṿ 10%)ȂŶ Ҭ 95% CI ҹ0.95 ̕ ⅞

ҹ0.9̆ 95%CI ṿȂ 
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8 ⱬ ᶛ 

̔BDҹ Ḥ ᾢ ᵀ ̕L3ҹᾢ № ṿ Ẓ ṿ3ҩ ‰ ̕L1 Ẓ ṿ1ҩ ‰ ̕C ᶫ ᾢ Ḥ ̕R1 Ẓ ṿ1ҩ ‰ ̕R3 Ẓ ṿ3ҩ ‰ ȂW ᾢ

Ḥ № ( ṿ 50%)̆ M ᾢ Ḥ № Ҭ ( ṿ 20%)̆ S ᾢ Ḥ № ( ṿ 10%)ȂŶ ⅞ ҹ0.8̆ ⱬ ṿȂ 
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