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Abstract 

 

The main objective of this present study is to demonstrate the application of 

reliability tests and their consistency on any constructs of patient loyalty model 

using SEM appproach. There are three reliability tests implemented here, i.e 

Coefficient of Reliability (CR), Coefficient of Reliability Composite Score 

McDonald’s ω, and Coefficient of Reliability Construct Weighted 𝛀𝜔 . After 

implementing those three reliability tests to the data, this empirical study found that 

all reliability tests result almost the same values. The consistency of all three 

reliability test are then checked by simulation study. The simulation study prove 

that all reliability tests are consistence as well, the values of reliability index are 

almost the same for various size of samples. It is concluded here that any constructs 

in proposed model of patient loyalty is reliable and the coresponding  proposed 

model could be accepted. 
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1. Introduction 
 

Structural equation modeling (SEM), which has been widely used in many fields 

of researches, is a multivariate analysis technique that can analyze complex 

relationships among variables (Jenatabadi, 2014). SEM combines the measure- 
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ment model and structural model. Measurement model is constructed through 

confirmatory factor analysis, meanwhile structural model is built by using 

regression analysis. SEM also could modify the model in order to produce a model 

that fits the data. The right modification process of a model will generate the 

accuracy of model estimation. The model accuracy could be determined through 

measuring the instrument reliability. The reliability here refers to whether the 

measurement procedures assign the same value to a characteristic each time it is 

measured under essentially the same circumstances (Bakker, 2012). Reliability 

could also indicates the extent to which the results of measurements with measuring 

devices can be trusted. The reliability of measurements shows that measurement 

error cannot be determined with certainty, but can only be estimated. 

 

Zinbarg et al. (2005) wrote that there are five alternative conceptualizations of 

reliability tests, they are Cronbach’s α, Revelle’s β, McDonald’s 𝜔𝐻  and two 

alternative of reliability (ω and ρ). They noted that the relations among all five 

indices were complex and vary depending on whether scale in question is 

multidimensional or unidimensional and whether the loadings on the general factor 

were all equal or not. 

 

This present study aims to compare the result among any types of reliability tests on 

case of SEM model. The reliability tests applied here are Coefficient of Reliability 

(CR), Coefficient of Reliability Composite Score McDonald’s ω, Coefficient of 

Reliability Construct Weighted 𝛀𝜔. All three indices will be applied to test the 

reliability of any constructs in patient loyalty model, the scale in question is 

multidimensional. The patient loyalty model is proposed to investigate the 

simultaneous effect of service quality and patient satisfaction on patient loyalty by 

using SEM approach. The analysis then proceeded to simulation study to test the 

consistency of those reliability test. 

 

2. Literature Reviews 
 

Based on study by Chaniotakis & Lymperopoulos (2011), they found that service 

quality had significant effect on satisfaction and word of mouth in health care 

industry. Meanwhile Wu (2011) proved about the impact of hospital brand image 

on service quality, patient satisfaction and patient loyalty. Another paper wrote 

about the effect of service quality on patient loyalty in Tehran, Iran, where this 

research was done by Arab et al. (2012). Lei & Jolibert (2012) compared three 

models of the relationship between quality, satisfaction and loyalty.  

 

Based on those literatures, this study constructs following three hypotheses which 

are then fitted to the real data, there are: 

Hypothesis 1: Service quality has a positive effect on patient satisfaction directly. 

Hypothesis 2: Service quality could give a positive effect on patient loyalty. 

Hypothesis 3: Patient satisfaction could give a positive effect directly on patient   

loyalty. 
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Service quality, patient satisfaction and patient loyalty are latent variables since 

those factors are not estimated directly on respondents meanwhile measured by 

several indicator variables. This study use the empirical data that collected by 

using a questionnaire. The use of questionnaire is aimed to gather all necessary 

information from respondents. Therefore the items in the questionnaire are 

regarding to the latent variables and indicator for each latent variables. Following 

are the description for each latent variables and its indicator.  

 

This present study uses five dimensions of service quality assessment, as created 

by Parasuraman et al. (1988) in their SERVQUAL assessment, i.e. reliability, 

responsiveness, assurance, empathy and tangible. The information regarding 

indicator variables of service quality are collected by asking 23 items that given to 

the respondents. All 23 questions that placed in the first part of the questionnaire 

are grouped into 5 dimensions, they are 4 items to measure reliability, 4 items to 

gauge responsiveness, 5 items for measuring assurance, 4 items for empathy and 6 

items for tangible. 

 

In the second part of the questionnaire are items regarding patient satisfaction. 

The indicators used for describing the patient satisfaction are value, competence 

of workers, satisfied on healthcare, satisfied on service, overall quality (Lei & 

Jolibert, 2012). All 5 questions are placed in this part to measure all five 

indicators, meaning one item for each indicator.  

 

In the last part of the questionnaire, there are four items reflecting four indicators 

of patient loyalty. All four items are adopted from Zeithaml et al. (1996). The 

responses of the items are all in a five-point Likert scale, ranging from 1 indicate 

“strongly disagree” to 5 which denote “strongly agree”. 

 

3. Description of Data 
 

The empirical data in this study are obtained by giving a questionnaire to the 

respondents. The respondents here are the patients who have received healthcare 

at least twice from any community health centres in Padang, West Sumatera, 

Indonesia. The selected community health centres are sampled randomly. This 

cross-sectional study was conducted in May to August 2014. There are 150 

respondents participated in this survey by filling the questionnaire completely. 

The data of all 150 respondents then involved in the analysis.  

 

4. Methodology 
 

The statistical analysis that applied in this study consists of many techniques. In 

the first part we construct the patient loyalty model using SEM approach. In SEM 

analysis we apply two types of variables simultaneously, i.e. latent and indicator 

variables. There are two equations in SEM, measurement and structural equation.  

The measurement equation is given by: 
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   𝒙𝒊 = 𝜦𝝎𝒊 + 𝜺𝒊,    𝑖 = 1, … , 𝑛                             (1) 

 

where  𝒙𝒊  is 𝑝  1  indicator variables,  is 𝑝  𝑞  matrices of the loading 

factors as obtained from the regressions of 𝒙𝒊 on 𝝎𝒊, where 𝝎𝒊 is 𝑞  1 vector 

of latent variables and assumed 𝝎𝒊 is independent for 𝑖 = 1, … , 𝑛, follows a 

normal distribution 𝑁(0, 𝜱) and uncorrelated with 𝜺𝒊. The vector 𝜺𝒊 is 𝑝  1 

random vectors of the measurement errors which follow 𝑁(0, 𝝍𝜺).  

 

Meanwhile the structural equation is written as follows: 

𝜼𝒊 = 𝑩𝜼𝒊 + 𝜞𝝃𝒊 + 𝜹i , 𝑖 = 1, … , 𝑛.                           (2) 

 

Here, the latent variable 𝝎𝒊 be partitioned into (𝜼𝒊, 𝝃𝒊) where 𝜼𝒊 and 𝝃𝒊  are 

𝑚  1 and 𝑛  1 vectors of latent variables respectively. Parameter B is 𝑚  𝑚 

matrix of structural parameters governing the relationship among the endogenous 

latent variables which is assumed to have zeros in the diagonal, 𝜞 is 𝑚  𝑛 

regression parameter matrix for relating the endogenous latent variables and 

exogenous latent variables, and 𝜹i is 𝑚  1 vector of disturbances which is 

assumed N (0,𝝍𝛿) where 𝝍𝛿  is a diagonal covariance matrix. It is also assumed 

that 𝜹i is uncorrelated with 𝝃𝒊.  

 

The indicators of goodness of fit in SEM analysis used here are such as the root 

mean square error of approximation (RMSEA), comparative fit index (CFI) and 

Tucker Lewis index (TLI) (Hu & Bentler, 1999). More discussion about the 

estimation process in SEM approach could be seen in Yanuar et al. (2010 & 

2013).  . 

 

The analysis in the second part is to measure the reliability index for all 3 latent 

variables. The tools for measuring the reliability index applied here are: 

 

a. Coefficient of Reliability (CR),  
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b. Coefficient of Reliability McDonald’s Composite Score  ω,  
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c. Coefficient of Reliability Weighted Construct 𝛀𝜔.  
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      where 𝜆𝑖 is loading factor for i-th indicator and δ is measurement error. 

 

Afterwards, the simulation study is done to determine the consistency of each 

reliability test above. The simulation study will be done for various sizes of 

sample. The bootstrap sampling technique will be applied here to generate any 

size of the data sets. 

 

5. Result and Discussion 
 

5.1. Patient Loyalty Model 

 

In the first part of analysis, we construct the patient loyalty model by fitting the 

hypothesis model using SEM technique on our empirical data.In this case, we 

determine simultaneously the effect of service quality on patient satisfaction and 

the effect of service quality and patient satisfaction on patient loyalty. Following 

Table 1 is the result of parameter estimation for structural model based on SEM 

approach. 

  

 
Table 1. Parameter Estimate in Structural Model of Patient Loyalty Model 

 

 

Relationship Loading Factor 

Service Quality )( 1 on Patient Satisfaction )( 1  **627.011   

Service Quality )( 1 on Patient Loyalty )( 2  **287.021 
 

Patient satisfaction )( 1  on Patient Loyalty )( 2  **492.021   

   ** significant at 5% level 
 

 

Based on Table 1 above, it is informed that the effect of service quality on patient 

loyalty is low ( 287,021  ) although its effect is significant. It’s better to 

modify the model to obtain higher loading factor. Table 2 below presents the 

parameter estimation in measurement model. This study found that all indicator 

variables have significant effect on their latent varibles respectively. 

 



5288                                              Ferra Yanuar et al. 

 

 
Table 2. Parameter Estimate in Measurement Model of Patient Loyalty Model 

 

Indicator 

Variable 

Latent Variables 

Service 

Quality 

Patient 

Satisfaction 

Patient 

Loyalty 

1 **828.011   **614.011   **931.052   

2 **802.021   **922.021   **875.062   

3 **786.031   **998.031   **877.072   

4 879.041  ** **936.041   **828.082   

5 **324.051     

        ** significant at 5% level 

 

 

We then modify the model by deleting the direct effect of service quality on 

patient loyalty. Table 3 and 4 below show the parameter estimation for structural 

and measurement model respectively in patient loyalty model after modification. 

 
Table 3. Parameter Estimate in Structural Model of Patient Loyalty Model  

After Modification 

 

Relationship Loading Factor 

Service Quality )( 1  
on Patient Satisfaction )( 1  **710.011   

Patient satisfaction )( 1  on Patient Loyalty )( 2  **741.021   

        ** significant at 5% level 
 

 

Table 4. Parameter Estimate in Measurement Model of Patient Loyalty Model  

After Modification 

 

Indicator 

Variable 

Latent Variables 

Service Quality 
Patient 

Satisfaction 
Patient Loyalty 

1 **829.011   **579.011   **927.052   

2 **805.021   **893.021   **882.062   

3 **781.031   **992.031   **870.072   

4 879.041  ** **915.041   **834.082   

5 **330.051     

** significant at 5% level 
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5.2.  Reliability Test for Patient Loyalty Model 

 
In this section, we measure the reliability index of any constructs in the proposed 

model by applying all three reliability tests as mentioned before. We check 

whether each constructs is reliable or not. The construct here refers to 

measurement model since reliability test is aimed to determine whether 

corresponding indicator variables could assign the same value each time they 

measure the corresponding latent variable. 

Following Table 5 shows the results for reliability index for each construct. It is 

informed that all three constructs that represented by three measurement models 

are reliable for all three reliability test, all index are more than 0.8. The construct 

is said reliable if the value of reliability index is higher than 0.6 (Zinbarg, et al., 

2005). 

 

Table 5. Reliability Test for Patient Loyalty Model 

  

Construct  

Reliability Index 

Coefficient of 

Reliability 

(CR) 

Coefficient of 

Reliability 

McDonald’s 

Composite Score  ω 

Coefficient of 

Reliability 

Weighted 

Construct 𝛀𝝎 

Service Quality 0.858 0.858 0.901 

Patient 

Satisfaction 0.916 0.916 0.986 

Patient Loyalty 0.931 0.931 0.938 

 

5.3.  Simulation Study  

 

The next step in this analysis is simulation study to determine the consistency of 

each reliability test for various sample sizes. Simulation study does so by 

implementing the bootstrap sampling procedure. A new data set is generated by 

sampling with replacement from the original data. Four data sets with various size 

of replacement is yielded, and fitting the model to each new data set. For each 

proposed model then we apply all three reliability tests.   

Table 6 below is presenting the result of reliability test for each construct based on 

each data set. It is informed that the difference of reliability index between 

original data and others data sets are very small. For service quality, the reliability 

index between original data and data 4 are same. Whereas the percentage of 

difference for others two constructs between original data and data 4 are small 

enough only around 0.33%. The highest percentage of difference are between 

original data and data 1, that is, 1.98%. In general all reliability index are more 

than 0.80. Thus, it could be concluded here that all three constructs are 

consistence in order to construct the corresponding measurement model. 
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Table 6. Reliability Index Based on Simulation Study 

 

Data set 

Service Quality Patient Satisfaction Patient Loyalty 

CR ω 𝛀𝜔 CR ω 𝛀𝜔 CR ω 𝛀𝜔 

Original 

data 
0.858 0.858 0.901 0.916 0.916 0.986 0.931 0.931 0.938 

Data 1 0.875 0.875 0.911 0.913 0.913 0.896 0.942 0.942 0.947 

Data 2 0.866 0.866 0.906 0.925 0.925 0.976 0.942 0.942 0.946 

Data 3 0.860 0.860 0.899 0.917 0.917 0.978 0.931 0.931 0.938 

Data 4 0.861 0.861 0.901 0.919 0.919 0.977 0.933 0.933 0.940 

 

6. Conclusions 
 

The main objective of this present study is to demonstrate the use of reliability test 

and its consistency on the case of structural equation modeling, since in SEM 

model consist of any constructs or multidimensional. Cronbach’s α, as popular 

tool to estimate the reliability index, could not be used in SEM model, since 

Cronbach’s α is for unidimensional. 

 

In this present study, we applied 3 types of reliability test on any constructs in 

patient loyalty model, i.e. Coefficient of Reliability (CR), Coefficient of Reliability 

Composite Score McDonald’s ω and Coefficient of Reliability Construct 

Weighted 𝛀𝜔. This study found that all three reliability tests yield almost the same 

values for all constructs, all reliability index are more than 0.6, it considered all 

constructs are reliable. The simulation study then be done to test the consistency of 

reliability tests for various size of data. This study also found that all three 

reliability tests resulted the same values of reliability index for all constructs. It 

means that reliability tests has been consistence. It was also believed here that 

patient loyalty model which is obtained based on SEM analysis would be 

considered adequate and could be acceptable. 
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