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ABSTRACT 

The present study validates the volitional component of self regulated learning to be made up of three variables, namely, 

academic delay of gratification, future time perspective and academic procrastination in the Indian context, further providing 

empirical support to the previous study in the German context [1]. A new technique of dimension extraction, called Exploratory 

Graph Analysis (EGA), the confirmation of its factor structure using the ordinal data based “WLSMV” estimator and its robust 

estimates, network inferential statistics under the state-of-the-art approach of Network Psychometrics, and polychoric ordinal 

omega reliability were calculated using R/RStudio Ver. 3.6.3. The tools used in the study were the Zimbardo Time Perspective 

Inventory Short Form [2], the Academic Procrastination Scale Short Form [3] and the Academic Delay of Gratification Scale 

[4].The sample of the study comprised of 187 students (159 boys and 28 girls) of second year computer science and engineering, 

Lovely Professional University, Punjab, India, selected using simple random sampling technique. The robust estimates of 

confirmatory factor analysis obtained were as desired in concurrence with their respectively benchmarks along with maximum 

likelihood ML based CFA estimates - TLI, CFI, RMR and RMSEA estimated using SPSS AMOS Ver. 23.0. The study also 

showed the limitations of the Cronbach alpha as a measure of internal consistency reliability, and the estimation and reporting of 

the alternative estimates of reliability like Raykov’s Composite Reliability, McDonald’s Omega and Guttman’s Lambda. The 

polychoric ordinal omega reliability was also quite acceptable at 0.83. Implications of the study are discussed. 

Keywords: Exploratory Graph Analysis (EGA), Guttman’s Lambda, McDonald’s Omega, Network 

Psychometrics, Polychoric Ordinal Omega Reliability, Raykov’s Composite Reliability, Self-regulated Learning, 

Volition, WLSMV.  

1. INTRODUCTION 

The concept of volition had its deep roots in Western culture and its origin can be traced back to the times of 

Aquinas [5]. Its critical role in understanding voluntary human behavior was widely appreciated by psychologists 

until the beginning of the twentieth century [6]. However, there was a dip in the interest of this concept in the middle 

of the twentieth century, and it was not until 1970s, that volition as a concept became a subject of interest again [7] - 

[25]. In spite of its conceptual importance, psychologists could not come up with a unifying theory [26] and 

empirical studies on volition thus remained difficult to achieve.  

According to [27], volition is a relatively stable individual difference in the personality that influences goal choices 

and working towards action control processes and is based on the action-control theory of [28]. [5] postulated 

volition to be an executive or higher order mental process that mediated a person’s mental deliberation of a thought, 

decision-making and eventual execution through action, and stressed upon the need to conduct more empirical 

studies as a promising way to bring clarity about the concept.  

As part of providing impetus to conducting of empirical studies on volition, many researchers of late have started to 

recognize volition as a component of self regulated learning and stressed on its inclusion in the integrative model of 

self regulated learning [29].  

[30] contributed to the research of volition by proposed the variables academic delay of gratification, future time 

perspective and academic procrastination as the possible component candidates to empirically measure volition. 

However, the first empirical attempt to test and validate such a framework of volition was conducted by [1] on 
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German students. Its replication and further validation in other culturally diverse countries and on different sample 

subjects are important and it is the purpose of this study, to do the same in the Indian context.  

The validation of the factor structure of volition also involved establishing a parsimonious model of this construct, 

substantiated by the works of [31] and [32]. The parsimonious model construction and its eventual validation are 

conducted through scale purification as the tools used in the study are primarily of foreign origin [33]. Scale 

purification is a less known but vital step to be taken while validating foreign tools involving reflexive constructs. In 

these tools, the items are mere reflections of the latent construct and identification of the minimum of the items 

explaining the maximum average variance explained is in keeping with the principal of parsimony [34] under 

structural equation modeling [35]. 

The present study applies the Network Psychometrics approach of dimensions exploration and confirmation of the 

same using the network inferential statistics. The details of the approach can be found in [36].  

2. METHODOLOGY 

Sample: 

The subjects of the study comprised of 187 IInd year students (159 boys and 28 girls) from the “School of Computer 

Science and Engineering, of the Lovely Professional University”, Phagwara, Punjab, India. The students were 

selected through simple random sampling technique in the study. 

Instruments: 

Measuring the Volitional Component of Self Regulated Learning: 

i. Academic Delay of Gratification Scale: 

This tool was constructed by [4] containing 10 items which measured academic delay of gratification in college 

students by providing them an academic event involving instant gratification and an alternative involving 

delayed gratification, of which the students had to select any one option and record their response in a four point 

likert scale, with the option “Definitely A = 1 to Definitely B =4”. The tool was validated in the Indian context 

by the researcher on professional courses students [37]. The scale was found to be unidimensional. It had good 

psychometrics, involving Cronbach’s Alpha of 0.715, and goodness of fit indices CMIN/Df = 1.097 (< 3), RMR 

= 0.069 (< 0.08), RMSEA = 0.028 (< 0.05), GFI = 0.944 (> 0.93), IFI = 0.981 (> 0.93), TLI = 0.974 (>0.93) and 

CFI= 0.979 (>0.93) respectively [38]. The greatest lower bound reliability of the scale was estimated to be 

between (0.75,1) [39].  

ii. Academic Procrastination Scale – Short Form: 

The academic procrastination scale is a five items short form version tool developed by [40], using the original 

25 items tool developed by [41]. The tool was adapted and validated by the researcher in the Indian context on 

engineering students [42]. The scale was unidimensional. The Item 3, was deleted for its poor inter-item 

correlation. The tool with the four remaining items had greatest lower bound reliability between (0.622,1). 

Owing to the skewness of the data, violation of Tau-equivalence condition, the Cronbach alpha underestimated 

the reliability of the scale at 0.556. The construct validity of the scale was established through goodness of fit 

estimates CMIN/DF= 0.359( < 3), RMR = 0.039 (0.08), RMSEA = 0.000 (0.08), GFI = 0.96 (>0.93), IFI = 1. 

043 (>0.93), TLI= 1.148 (>0.93) and CFI=1.000 (>0.93). The value of TLI can exceed 1 and need not be 

between 0 and 1 [43],[44],[45]. The responses are reverse coded since in a five point Likert scale 1=Disagree 

and 5=Agree. 

iii. Future Time Perspective:  

The future time perspective construct was measured using the shorter form of the original 56 item Zimbado 

Time Perspective Inventory developed by [46]. The shorter version has 17 items developed by [47] where the 

responses are recorded in five point Likert scale with 1=very uncharacteristic to 5=very characteristic. The tool 
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was validated in the Indian context by the researcher [48]. The study was conducted on 187 IInd year computer 

science engineering students (159 boys and 28 girls) of the “School of Computer Science and Engineering, 

Lovely Professional University”, Phagwara, Punjab, India. During exploratory factor analysis, Principal 

component analysis, with Varimax rotation was used initially. While most the items displayed reasonable 

clustering with their respective factors, item 11 displayed considerable split loading. It was discarded and the 

exploratory factor analysis was rerun with Principal component analysis, but with Quartimax rotation, to bring 

the number of factors from six to the theoretically indicated five factors. This method is the opposite of 

varimax rotation. In varimax rotation, the number of variables having very high factor loading on every factor 

is kept at low, allowing simple interpretation of factors. In Quartimax rotation, the number of factor necessary 

to explain the reflecting variables are kept low, which allows easy interpretation of manifest variables. The 

determinant was 0.077. The KMO sampling adequacy was 0.658. The Barlett’s test of sphericity was 

significant. Five factors were extracted which explained 51.313 percent of the variance in the measured 

construct. The existence of five factors was confirmed by Hong’s parallel analysis, as the obtained eigen 

values were greater than the critical eigen values. The five factors are past positive, past negative, present 

hedonistic, present fatalistic and future time perspective. Items 11, from the future time perspective dimension 

was removed as it loaded poorly on to the construct. Under the violation of tau equivalence condition and non-

normality of the data, the reliability of the entire 16 items scale was estimated using greatest lower bound 

reliability to be between (0.822,1). The  Cronbach’s alpha of underestimated the reliability of the scale to be 

0.671. The goodness if fit estimates showed moderate proof of construct validity with CMIN/DF = 1.36 (< 3), 

IFI = 0.9 (> 0.9), TLI=0.86 (>0.9), CFI= 0.891 (> 0.9) and RMSEA = 0.044 (< 0.08).   

Statistical Analysis: 

Some of the best practices were observed while conducting exploratory factor analysis to extract the number of 

factors from the data. This included, using Hong’s parallel analysis for figuring out the number of factors to extract 

instead of the routine and erroneous practices of Kieser Criterion and Scree plot [49] with the help of principal 

component analysis extraction method and Varimax rotation.  

Based on the guidelines provided by [50], the item to factor loading was set at 0.32 and factor with 

minimum of three items and maximum of five or more items loading on it was retained or considered for 

confirmatory factor analysis. 

During Confirmatory factor analysis, the goodness of fit estimates selected were CMIN/DF (to be below 3 for a 

good fit [51]), RMR, GFI, IFI, TLI, RMSEA and CFI. While the recommended value for RMR and RMSEA is 

below 0.08, the rest of the estimates are desired to have values are above 0.93 [52].  

Using AIC and BIC estimates, the initial model containing all 10 items of academic delay of gratification 

model scale, all 5 items of academic procrastination scale and all 3 items of future time perspective scale, was 

compared with a parsimonious model. The better model has lower values of these estimates.  

The conventional validation of the factor structure of volitional component was then confirmed using the 

network psychometrics approach. The details of the estimands and the way of their estimation can be found in 

another article by the researcher [36]. 

With respect to the reporting of reliability of the scales, the McDonald’s reliability and Guttman lambda 2 

estimators were used in this study. This exercise is owing to the fact that the Cronbach’s alpha as a measure of 

internal consistency reliability can be reported only when the condition of Tau-equivalence is not violated [53]. 

Under this condition, Cronbach’s alpha is the measure of internal consistency reliability of the items, only when 

these items not only load on a single construct but also with equal factor loading. Also, the data distribution 

should be normal [54].  

In the case of violation of Tau-equivalence condition but existence of normality of the data, Raykov’s composite 

reliability can be reported as the measure of reliability [55]. However, in all realistic conditions, neither the factor 

loadings of all the items are exactly equal nor the data is normal. In such a situation, the Cronbach’s alpha should 
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be abandoned [56] - [58]. Usage of Cronbach’s alpha even under the violation of Tau-equivalance leads to the 

underestimation of the actual reliability of the scale ranging from 0.6 to 11 percent on the basis of the gravity of 

the violation [55].   

Procedure: 

The researcher approached the head of the department of the “School of Computer Science and Engineering in 

Lovely Professional University” and asked for the permission to administer the tool on the subjects, when they had a 

free period. The purpose of the visit was explained to the students. The instructions on the filling of the responses 

were clearly provided to the subjects and their help in the gathering of the data was sought and well appreciated. The 

students took seven to ten minutes to fill the questionnaire and returned it to the researcher. 
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3. RESULTS AND DISCUSSION 

187 students (159 boys and 28 girls) of IInd year  from“School of Computer Science and Engineering, Lovely 

Professional University”, Phagwara, Punjab, India were sample of this study. The tools administered when a 

regular class was in session, were the parsimonious versions of academic delay of gratification scale, academic 

procrastination scale and the Zimbardo time perspective scale. The results of the study were as follows: 

 

Table 1: Descriptive Statistics: 

 

 

 

N Mean Std. Deviation Skewness Kurtosis 

Statistic Statistic Std. Error Statistic Statistic Std. Error Statistic Std. Error 

ZTP12 187 3.2139 .08995 1.23010 -.223 .178 -.891 .354 

ZTP13 187 3.4652 .07926 1.08391 -.499 .178 -.378 .354 

ZTP14 187 3.4706 .07324 1.00158 -.600 .178 .061 .354 

APS1 187 3.2032 .09715 1.32851 -.226 .178 -1.149 .354 

APS2 187 2.9679 .09619 1.31535 .088 .178 -1.067 .354 

APS3 187 3.2834 .09945 1.35991 -.358 .178 -1.088 .354 

APS4 187 2.9091 .10445 1.42831 .038 .178 -1.387 .354 

ADGS4 187 2.9519 .07781 1.06399 -.607 .178 -.908 .354 

ADGS5 187 2.6043 .07820 1.06941 -.168 .178 -1.208 .354 

ADGS8 187 3.0535 .07183 .98228 -.658 .178 -.702 .354 

ADGS9 187 2.5241 .07633 1.04378 -.036 .178 -1.170 .354 

ADGS10 187 2.8075 .07412 1.01354 -.388 .178 -.955 .354 

Valid N (listwise) 187        

 

Table 2: Reliability Analysis: 

 

S.No. Name of the Variable Item 

No 

Cronbach’s 

α 

Guttman’s 

λ 2 

McDonald’s ω Raykov’s 

Composite 

Reliability 

1. Future Time Perspective 

12 

0.565 0.585 0.6 0.589 

13 
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14 

2. 
Academic 

Procrastination 

1 

0.669 0.672 0.7 0.684 

2 

3 

4 

3. 
Academic Delay of 

Gratification 

4 

0.692 0.696 0.75 0.7 

5 

8 

9 

10 

 

The Cronbach’s alpha underestimation of reliability due to the violation of tau-equivalence and non-normality 

of data is known. Owing to this condition, alternative reliability estimates addressing this short coming, like the 

Guttmann lambda 2 and McDonald’s Omega are reported. SPSS Statistics Ver.23.0 is used for the calculation 

of Cronbach’s alpha and Guttman’s Lambda 2. R/RStudio and Psych function are used for the estimation of 

McDonald’s Omega and the online composite reliability calculator www.statisticalmind.com is used for the 

calculation of Raykov’s composite reliability. 

Though the reliability of the three items of future time perspective are very lowly estimated by Cronbach’s 

alpha, Gutmman’s lambda 2 and Raykov’s composite, it is found to be acceptable in terms of McDonald’s 

Omega at 0.6 [51]. This estimate for academic procrastination and academic delay of gratification is quite 

acceptable at 0.7 and 0.75 respectively. Post reliability analysis, the model of volition as proposed by [1] is 

validated through the statistical technique of confirmatory factor analysis, with the following results: 
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Figure 1. Factor Loadings in the Path Diagram of the Factor Structure of Volition in Self 

Regulated Learning: 

 

Interpretation: Academic procrastination shares negative relationship with volition as its factor 

loading is -0.87. It is because the lack of this variable in a student represents the presence of volition 

in him or her. However, academic delay of gratification and future time perspective have positive 

relationship with volition as displayed by their positive factor loading of 0.36 and 0.71 respectively in 

concurrence with volition theory. 

 

Table 3: Goodness of Fit Estimation: 

 

Estimate CMIN/DF IFI TLI CFI RMR RMSEA 

Benchmark < 3.00 > 0.9 > 0.9 > 0.9 <0.08 < 0.08 

Result 1.342 0.953 0.936 0.951 0.072 0.043 
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Interpretation: All the goodness of fit estimates display excellent estimates of their estimands, be it CMIN/DF, 

RMR, RMSEA or the absolute, comparative and parsimonious estimands of goodness of fit. CMIN/DF is 1.342 

below the desired 3.00 value. The estimates of the estimands root mean residual and the root mean square error 

of approximation are 0.072 and 0.043 respectively, below the benchmark of 0.08. Incremental fit index (IFI), 

Tucker-Lewis Index (TLI) and Comparative Fit Index (CFI) estimates are 0.953, 0.936 and 0.951, which are well 

above the desired 0.9 benchmark, indicating the valid representation of volition in self regulated learning by the 

three variables academic delay of gratification, academic procrastination and future time perspective.  

 

Validation of the Volitional Component of Self Regulated Learning Using Network Psychometrics in R 

along with the codes: 

 
The best of the items from the respective scales are used in the validation of the factor structure using network 

psychometrics in R. 

 

First the data file “VOL_DATA”, containing the responses of the best of the items of the three variables, is 

imported into R interface.  

 
> library(haven) 
> VOL_DATA <- read_sav("D:/New Research/NP/VOL/VOL_DATA.sav") 
> View(VOL_DATA) 
 
Then the package in responsible for carrying out exploratory graph analysis, “EGAnet” is installed into R. 

 

> install.packages("EGAnet") 
 
The installed package is activated. 

  

> library(EGAnet) 
 
The data frame “ega.vol”, which would store the results of the exploratory graph analysis conducted using the 

above package is defined. 

 

> ega.vol<-EGA(VOL_DATA, plot.EGA = TRUE) 
 

 
 

Figure 2. Network Structure of Volition – 1. Academic Procrastination;  2. Future Time 

Perspective;  3. Academic Delay of Gratification: 
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Interpretation: The obtained network clears shows that the items of the three variables represent their 

respective dimensions with consistency. While the variable academic procrastination is represented in red color 

along with its items (nodes), the variables future time perspective and academic delay of gratification are 

represented in green and blue colors along with their respective items. The interconnectivities between items 

and the dimensions are represented in deep green and red color lines called edges of varying thickness. The 

summary is displayed below: 

 
> summary(ega.vol) 
EGA Results: 
 
Number of Dimensions: 
[1] 3 
 
Items per Dimension: 
       items dimension 
APS1    APS1         1 
APS2    APS2         1 
APS3    APS3         1 
APS4    APS4         1 
ZTP12  ZTP12         2 
ZTP13  ZTP13         2 
ZTP14  ZTP14         2 
ADGS4  ADGS4         3 
ADGS8  ADGS8         3 
ADGS1 ADGS10         3 
 

After the three dimensions of volition are extracted the factor structure is confirmed using 

confirmatory factor analysis (CFA) where the estimator used is meant for ordinal variables, which is WLSMV. 

The exercise of confirmatory factor analysis here is done by installing and activating the package lavaan.  

 
 
> install.packages("lavaan") 
> library(lavaan) 
 
 
The code for conducting the confirmatory factor analysis is mentioned below along with the data frame cfa.vol, 

which would store the obtained results: 

 

> cfa.vol <- CFA(ega.obj = ega.vol, estimator = 'WLSMV', plot.CFA = TRUE, 
data = VOL_DATA) 
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Figure 3. Factor Structure of Volition along with the factor loadings on its three dimensions and 

their respective items: 

 

Interpretation: Theoretically, the variable academic procrastination Ft1 is related negatively with 

academic delay of gratification Ft3 and future time perspective Ft2. The same is obtained in the results 

in form of two red lines negatively relating academic procrastination with the other two variables, 

which are positively related with each other shown in the form of the green line between them. The 

estimates are obtained using the below code: 

 
> lavaan::fitMeasures(cfa.vol$fit, fit.measures = "all") 
                         npar                          fmin  
                       23.000                         0.046  
                        chisq                            df  
                       17.122                        32.000  
                       pvalue                  chisq.scaled  
                        0.985                        26.410  
                    df.scaled                 pvalue.scaled  
                       32.000                         0.745  
         chisq.scaling.factor                baseline.chisq  
                        0.648                       424.819  
                  baseline.df               baseline.pvalue  
                       45.000                         0.000  
        baseline.chisq.scaled            baseline.df.scaled  
                      424.819                        45.000  
       baseline.pvalue.scaled baseline.chisq.scaling.factor  
                        0.000                         1.000  
                          cfi                           tli  
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                        1.000                         1.055  
                         nnfi                           rfi  
                        1.055                         0.943  
                          nfi                          pnfi  
                        0.960                         0.682  
                          ifi                           rni  
                        1.038                         1.039  
                   cfi.scaled                    tli.scaled  
                        1.000                         1.021  
                   cfi.robust                    tli.robust  
                        1.000                         1.013  
                  nnfi.scaled                   nnfi.robust  
                        1.021                         1.013  
                   rfi.scaled                    nfi.scaled  
                        0.913                         0.938  
                   ifi.scaled                    rni.scaled  
                        1.014                         1.015  
                   rni.robust                         rmsea  
                        1.010                         0.000  
               rmsea.ci.lower                rmsea.ci.upper  
                        0.000                         0.000  
                 rmsea.pvalue                  rmsea.scaled  
                        1.000                         0.000  
        rmsea.ci.lower.scaled         rmsea.ci.upper.scaled  
                        0.000                         0.050  
          rmsea.pvalue.scaled                  rmsea.robust  
                        0.952                         0.000  
        rmsea.ci.lower.robust         rmsea.ci.upper.robust  
                        0.000                         0.032  
          rmsea.pvalue.robust                           rmr  
                           NA                         0.060  
                   rmr_nomean                          srmr  
                        0.060                         0.042  
                 srmr_bentler           srmr_bentler_nomean  
                        0.042                         0.042  
                         crmr                   crmr_nomean  
                        0.046                         0.046  
                   srmr_mplus             srmr_mplus_nomean  
                        0.042                         0.042  
                        cn_05                         cn_01  
                      502.828                       582.039  
                          gfi                          agfi  
                        0.992                         0.987  
                         pgfi                           mfi  
                        0.577                         1.041  
                         ecvi  
                        0.339  
 
Table 4: Robust Goodness of Fit Estimates 

 
Estimate Robust TLI Robust CFI SRMR Robust RMSEA 

Benchmark > 0.9 > 0.9 <0.08 < 0.08 

Result 1.013 1.000 0.042 0.000 

 

Interpretation: The robust estimates are the quite desirable and satisfy their benchmarks values well, 

confirming the factor structure of volition and its representation by academic procrastination, academic delay 
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of gratification and future time perspective. The estimand TLI need not have its estimate always between 0 and 

1 since it is non-normed (Cangur and Ercan, 2015).  The factor loadings are obtained and displayed as below: 

 
> View(ega.vol$dim.variables) 
> net.loads(ega.vol$network, ega.vol$wc)$std 
            1      2      3 
ZTP12  -0.201  0.314  0.000 
ZTP13  -0.131  0.346  0.019 
ZTP14  -0.013  0.142  0.022 
APS1    0.353 -0.113  0.000 
APS2    0.425 -0.062 -0.049 
APS3    0.219 -0.095 -0.019 
APS4    0.193 -0.176 -0.095 
ADGS4  -0.056  0.000  0.323 
ADGS8   0.000  0.024  0.469 
ADGS10 -0.079  0.020  0.389 
 
The network inferential statistics is carried by installing and activating the R package “bootnet”. 

 
> install.packages("bootnet") 
> library(bootnet) 
 
The regularized network consisting of the partial correlation based structure is estimated and graphically 

displayed using qgraph R package installation and activation: 

 
> Network <- estimateNetwork(VOL_DATA,default = "EBICglasso") 
> install.packages("qgraph") 
> library(qgraph) 
> plot(Network, layout = "spring",labels = TRUE) 
 

 
 

Figure 4. Partial Correlation Network of Volition 
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Interpretation: The thicker the blue lines (edges) between the items called nodes, the stronger the relationship 

positively. The red lines represent negative relationship with the width of the lines representing the magnitude 

of the negative relationship between the dimensions and items as well. 

 
> centralityPlot(Network) 
 

 
Figure 5. Node Strength Centrality 

 

Interpretation: The items or nodes are arranged with respect to their strength.The item or node ZTP14 is the 

weakest node in the network shown in the extreme left of the graph. The node APS2 is the strongest node in 

the network shown in the extreme right of the graph.  

 
> boot1 <- bootnet(Network, nBoots = 100,nCores = 8) 
> plot(boot1, labels = FALSE, order = "sample") 
 

 
Figure 6. Node Strength Confidence Interval 
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Interpretation: The order of nodes arranged as per their strength cannot be trusted because the confidence 

interval of the node strength centrality contains zero in it (-0.2, 0.4). It means that the null hypothesis that the 

the nodes or items not differ from each  other significantly is accepted. 

 
> boot2 <- bootnet(Network, nBoots = 100,type = "case", nCores = 8) 
> plot(boot2, labels = TRUE,order = "sample") 
 

 
Figure 7. Node Strength CS Coefficient Stability 

 
Interpretation: The order of nodes cannot be retained as the data rows are reduced. While correlation stability 

CS coefficient hovers around 0.9 when 90 percent of the complete data is considered, it reduces to around 0.55 

by the time 30 percent of the total data is considered for evaluation. However, the CS coefficient is able to 

maintain its magnitude above the necessary thrush hold of 0.5. 

 
> corStability(boot2) 
=== Correlation Stability Analysis ===  
 
Sampling levels tested: 
   nPerson Drop%  n 
1       47  74.9 12 
2       61  67.4 10 
3       76  59.4  7 
4       90  51.9 10 
5      105  43.9 11 
6      119  36.4  9 
7      134  28.3 10 
8      149  20.3 13 
9      163  12.8 10 
10     178   4.8  8 
 
Maximum drop proportions to retain correlation of 0.7 in at least 95% of 
the samples: 
 
edge: 0.203  
  - For more accuracy, run bootnet(..., caseMin = 0.128, caseMax = 0.283)  
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strength: 0.128  
  - For more accuracy, run bootnet(..., caseMin = 0.048, caseMax = 0.203)  
 
Accuracy can also be increased by increasing both 'nBoots' and 'caseN'. 
 
Interpretation: The correlation stability CS coefficient is very poor at 0.128, way below the desirable thrush 

hold of 0.5 value. 

 

Estimation of Polychoric Ordinal Omega Reliability: 

The data obtained from the responses of subjects from different psychological likert scales are 

ordinal and Likert scale based like 1=Strongly disagree, 2=Disagree, 3=Neutral, 4=Agree and 

5=Strongly Disagree. This calls for the correlation matrix to be converted to polychoric correlation 

matrix instead of the pearson correlation matrix in order to obtain a true estimate of the reliability [59]. 

Polychoric correlation provides the measure of relationship through correlation coefficients between 

variables which are continuous in nature but are measured using ordinal responses of Likert scales. 

Such correlation matrices are then useful in the estimation of the ordinal versions of alpha [60] and 

omega [61] which are appropriate estimates of reliability using Likert scale based psychological tools. 

R Codes for the estimation of polychoric ordinal omega:  

1. Import the data file (VOL_DATA-AP3) in R. 

2. Install the package Psych 

3. Library (psych)   activate it 

4. polychoric(VOL_DATA-AP3)  Calculate the polychoric correlation for ordinal variables. 

5. examplename<-polychoric(VOL_DATA-AP3) Define the dataframe examplename to 

store the results of the polychoric correlation calculations 

6. omega(examplename$rho) Estimate the polychoric ordinal omega reliability 

Results as Obtained in R: 

Alpha:                 0.74  

G.6:                   0.83  

Omega Hierarchical:    0.49  

Omega H asymptotic:    0.59  

Omega Total            0.83 

 

Interpretation: The result shows that the polychoric ordinal omega reliability of the variable volition, 

consisting of three dimensions, future time perspective, academic delay of gratification and academic 

procrastination is 0.83, which is quite acceptable an estimate of reliability. 

4.DISCUSSION 

India as a developing nation requires large number of professional to join the work force to aid in 

the speedy building of the nation. Along with economic hurdles of paying high fees to pursue courses, 

the student community has to unfortunately deal with low spirit while pursuing tough and challenges 

professional courses, especially when proper counseling platforms are non-existent. This scenario 

leads to rise in the high drop-out rates of students from professional courses in particular. The issue of 

high drop-outs rate in professional courses can be addressed through proper diagnosis of the level of 

volition in the student and administering the interventions at the right time. 
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Presence of a parsimonious and valid factor structure along with its tool can aid in the profiling 

of the students based on the presence of volition in them. Such an exercise can lead to the 

development of intervention programs which are customized in nature and would improve the 

chances of success in academics for the students in the long run.  

The validation of the parsimonious volition model of trait self regulation in the Indian context, 

after its first study in Germany in the year 2015, is a step forward in the right direction. A couple of 

limitations of the German study are addressed in the present study.  

The study also serves as a tutorial for implementing the network psychometrics approach of tool 

validation since the R codes for the exercise are shared, along with the estimation of polychoric 

ordinal omega reliability. 

Firstly, the former study used a scale to measure procrastination. In the present study, the used 

tool measured academic procrastination in particular. Secondly, the German study reported the 

Cronbach’s alpha of the used tools without addressing the issue of violation of tau-equivalence. In the 

present study, this aspect was taken into account. Also, the underestimation of the true reliability of 

the scale by Cronbach’s alpha was demonstrated by reporting Guttman’s lambda 2, McDonals’s 

Omega and Greatest Lower Bound reliability in parallel.   

5.LIMITATIONS 

The study sample size can be increased and students from disciplines other than engineering 

and locality other can urban areas can be included. One of the major limitations of this study was that 

was conducted with mostly boys as the sample subjects.  

6. CONCLUSION 

Empirical studies on volition are less in number owing to the lack of a valid model that can 

measure this vital aspect of human endeavor. In the context of academics, absence of such a model, 

can be frustrating and unproductive for both the teacher and the taught. Based on the proposal of [30] 

to include academic delay of gratification, procrastination and future time perspective, [1] validated a 

model of volition in the German context. Its cross validation in other culture was essential. The 

present study conducted to achieve the same intent in the Indian context. Further studies need to be 

conducted for the establishment of the validity of proposed parsimonious factor structure of volition 

in a land that is culturally diverse like India and in other abroad as well. 

 

 

 

 

 

 

 

 

 

Mukt Shabd Journal

Volume IX, Issue VI, JUNE/2020

ISSN NO : 2347-3150

Page No : 5905



   

 

REFERENCES 

1. Dorrenbacher,.L., Perels, .F.  Volition completes the puzzle: Development and evaluation of 

an integrative trait model of self regulated learning, Frontline Learning Research, 3(4), pp:14-

36, DOI: http://dx.doi.org/10.14786/flr.v3i4.179, (2015). 

2. Orosz, G., Dombi, E., Toth-Kiraly, I. & Roland-Levy, C The Less is More: The 17-item 

Zimbardo Time Perspective Inventory, Current Psychology, 36(1), pp: 39-47, doi: 

10.1007/s12144-015-9382-2, (2015) 

3. Yockey, R.D., Validation of Short Form of Academic Procrastination Scale, Psychological 

Reports, 118(1), pp:171-179, (2016). 

4. Bembenutty,. H., Karabenick, S. A., Academic Delay of Gratification, Learning and 

Individual Difference, 10(4), pp: 329-346, ISSN: 1041-6080, (1998). 

5. Zhu, J., Understanding volition, Philosophical Psychology, 17(2), pp:247-273, DOI: 

10.1080/0951508042000239066, (2004)   

6. Hilgard, E.R. (1980). The trilogy of mind: cognition, affection, and conation. Journal of the 

History of the Behavioral Sciences, 16, pp:107–117, (1980). 

7. Sellars, W., Thought and action. In K. LEHRER (Ed.) Freedom and determinism (pp. 141–

174). New York: Random House, (1966).  

8. Sellars, W. Volitions re-affirmed. In M. BRAND & D. WALTON (Eds), Action theory (pp. 

47–66). Dordrecht: Reidel, (1975). 

9. McCann, H.J. Volition and basic action. Philosophical Review, 83, 451–473, (1974).  

10. McCann, H.J. Trying, paralysis, and volition. Review of Metaphysics, 28, 423–442, (1975).  

11. McCann, H.J. The works of agency. Ithaca, NY: Cornell University Press, (1998). 

12. Aune, B. (1974). Prichard, action, and volition. Philosophical Studies, 25, 97–116. 

13. Aune, B. (1977). Reason and action. Dordrecht-Holland: Reidel. 

14. Ripley, C., A theory of volition. American Philosophical Quarterly, 11, pp:141–147, (1974). 

15. Kenny, A. Will, freedom and power. Oxford: Basil Blackwell, (1975).  

16. Kenny, A. The metaphysics of mind. Oxford: Clarendon, (1989). 

17. Goldman, A. The volitional theory revisited. In M. BRAND & D. WALTON (Eds) Action 

theory (pp. 67–84). Dordrecht, Holland: Reidel, (1975). 

18. Davis, L. H. Theory of action. Englewood Cliffs, NJ: Prentice-Hall, (1979). 

19. O’shaughnessey, B., The will: A dual aspect theory. Cambridge: Cambridge University Press, 

(1980). 

20. Ginet, C. Voluntary exertion of the body: a volitional account. Theory and Decision, 20, 223–

245, (1986).  

21. Ginet, C. On action. Cambridge: Cambridge University Press, (1990). 

22. Odegard, D. Volition and action. American Philosophical Quarterly, 25, pp:141–151, (1988). 

Mukt Shabd Journal

Volume IX, Issue VI, JUNE/2020

ISSN NO : 2347-3150

Page No : 5906

http://dx.doi.org/10.14786/flr.v3i4.179


   

 

23. Nathan, N.M.L. Will and world: A study in metaphysics. Oxford: Clarendon, (1992). 

24. Lowe, E.J. Subjects of experience. Cambridge: Cambridge University Press, (1996).  

25. Lowe, E.J. An introduction to the philosophy of mind. Cambridge: Cambridge University 

Press, (2000). 

26. Audi, R. (1993). Action, intention, and reason. Ithaca, NY: Cornell University Press. 

27. Corno, L., Kanfer, R. Chapter 7: The Role of Volition in Learning and Performance. Review 

of Research in Education, 19(1), 301–341. doi:10.3102/0091732x019001301, (1993).  

28. Kuhl,.J., Volitional mediators of cognition-behavior consistency: Self-regulatory processes 

and action versus state orientation in Action control: From cognition to behavior, J. Kuhl & 

J. Beckmann (Ed), Handbook of physiology, (New York: Springer-Verlag) 101-128, (1985). 

29. McCann, H.J., Garcia,.T.: “Maintaining Motivation and Regulating Emotions: Measuring 

Individual Differences in Academic Volitional Strategies”, Learning and Individual 

Differences, 11(3), 259 – 279, (1989). 

30. Bembenutty, H.,  Karabenick, S. A. Inherent association between academic delay of 

gratification, future time perspective, and self-regulated learning, Educational Psychology 

Review, 16(1), pp.35-37, (2004). 

31. Comreya,. L., Lee, H. B. A first course in factor analysis. (2nd ed.) Mahwah, NJ: Erlbaum, 

(1992). 

32. Jones- Wiley, D.G., Restori, A.F. & Lee, H.B. Modification and Psychometric Evaluation of 

the Peterson War-Scale, Psychological Reports, 101 (1), pp:519-524, doi: 10.2466/ 

PRO.101.2.519-524, (2007). 

33. Churchill, G.A., A paradigm for developing better measures of marketing constructs, Journal 

of Marketing Research, 16(1), pp: 64–73, (1979). 

34. Netemeyer, R.G., Bearden, W.O., Sharma, S., Scaling Procedures: Issues and Applications, 

SAGE Publications, Thousand Oaks, Calif, (2003). 

35. Jarvis, C. B., Mackenzie, S. B. & Podsakoff, P. M. “A critical review of construct indicators 

and measurement model misspecification in marketing and consumer research”, Journal of 

Consumer Research, 30(2), pp. 199–218, (2003). 

36. Chakraborty, R., Chechi, V. K.. Network Psychometrics Based Validation of Academic 

Emotional Regulation Questionnaire (AERQ), International Journal of Future Generation 

Communication and Networking, 13(2), pp:465-486, ISSN: 2233-7857, (2020). 

37. Chakraborty,.R., Validation of Academic Delay of Gratification Scale among Indian 

Professional Courses Students, International Journal of Indian Psychology, 4(2), No. 92, 

ISSN:2348-5396 (e), ISSN:2349-3429 (p), DIP:18.01.117/20170402, ISBN:978-1-365-

78192-6, (2017a). 

38. Hu, L. T.,  Bentler, P. M. Cutoff criteria for fit indexes in covariance structure analysis: 

Conventional criteria versus new alternatives, Structural Equation Modeling: A 

Multidisciplinary Journal, 6(1), 1-55. doi:10.1080/10705519909540118, (1999). 

39. Chakraborty, R Estimation of Greatest Lower Bound Reliability of Academic Delay of 

Gratification Scale, IOSR Journal of Research & Method in Education (IOSR-JRME), 

Mukt Shabd Journal

Volume IX, Issue VI, JUNE/2020

ISSN NO : 2347-3150

Page No : 5907



   

 

7(2),Ver.I, pp: (75 – 79), ISSN: 2320–7388, Mar-Apr 2017, DOI: 10.9790/7388-0702017579, 

(2017b). 

40. Yockey, R.D. Validation of Short Form of Academic Procrastination Scale, Psychological 

Reports, 118(1), pp:171-179, (2016). 

41. McCloskey, J. D. Finally, my thesis on academic procrastination (Master’s thesis), Retrieved 

from ProQuest, UMI Dissertations Publishing. (1506326), (2011). 

42. Chakraborty, R. , Chechi, V.K.., Validation of the Revised Academic Procrastination Scale – 

Short Form in the Indian Context, Paper Presented at the International Conference on 

“Volatile Consumer Behaviour and Marketing”, Mittal School of Business, Lovely 

Professional University, Phagwara, Punjab, India, April 19, (2019a). 

43. Schermelleh-Engel, K., Moosbrugger, H., Evaluating the fit of structural equation models: 

tests of significance and descriptive goodness-of-fit measures, Methods of Psychological 

Research Online, 8(2), pp:23-74, (2003). 

44. Ding, L., Velicer, W. F., Harlow, L. L. Effects of estimation methods, number of indicators 

per factor, and improper solutions on structural equation modeling fit indices. Structural 

Equation Modeling: A Multidisciplinary Journal, 2(2), pp:119-143. 

doi:10.1080/10705519509540000, (1995). 

45. Gerbing, D. W., Anderson, J. C. Monte Carlo evaluations of goodness of fit indices for 

structural equation models, Sociological Methods and Research, 21(2), pp:132-160. 

doi:10.1177/0049124192021002002, (1992). 

46. Zimbardo, P. G., Boyd, J. N. Putting time in perspective: a valid, reliable individual-

differences metric. Journal of Personality and Social Psychology, 77(6), 1271–1288. 

doi:10.1037/0022-3514. 77.6.1271, (1999). 

47. Orosz, G., Dombi, E., Toth-Kiraly, I., Roland-Levy, C. The Less is More: The 17-item 

Zimbardo Time Perspective Inventory, Current Psychology, 36(1), pp: 39-47, doi: 

10.1007/s12144-015-9382-2, (2017). 

48. Chakraborty, R., Chechi, V.K. (2019b). Validation of Zimbardo Time Perspective Inventory 

Short Form in the Indian Context, International Journal of Science and Research, ISSN: 

2319-7064, 8(7), pp:565-570, (2019b). 

49. Velicer, W.F., Jackson, D.N., “Component Analysis Versus Common Factor Analysis – Some 

Future Observations”, Multivariate Behavioral Research, 25(1), pp:97-114, (1990). 

50. Tabachnick, B.G., Fidell, L.S., “Using Multivariate Statistics”, Boston: Allyn and Bacon, 

(2001). 

51. Kline, R.B.,. Principles and Practice of Structural Equation Modeling, (2nd Edition ed.). 

New York: The Guilford Press, (2004). 

52. Leach, C. W., van Zomeren, M., Zebel, S., Vliek, M. L. W., Pennekamp, S. F., Doosje, B., 

Ouwerkerk, J. W., Spears, R.. “Group-level self-definition and self-investment: A hierarchical 

(multicomponent) model of in-group identification”, Journal of Personality and Social 

Psychology, 95(1), pp: 144-165, (2008). 

53. Cronbach, L. J., Coefficient alpha and the internal structure of tests, Psychometrika, 16(3), 

pp:297-334, (1951).  

Mukt Shabd Journal

Volume IX, Issue VI, JUNE/2020

ISSN NO : 2347-3150

Page No : 5908



   

 

54. Green, S. B., Yang, Y., Reliability of summed item scores using structural equation modeling: 

An alternative to coefficient alpha, Psychometrika, 74(1), pp:155-167, (2009).  

55. Raykov, T.,.Scale reliability, Cronbach's coefficient alpha, and violations of essential tau-

equivalence with fixed congeneric components, Multivariate Behavioral Research, 32(4), 

pp:329-353, (1997).  

56. Green, S., Thompson, M..Structural equation modeling in clinical psychology research, In: 

Roberts M, Ilardi S, editors. Handbook of research in clinical psychology. Oxford: Wiley-

Blackwell, (2005). 

57. Graham, J., “Congeneric and (Essentially) Tau-Equivalent estimates of score reliability: what 

they are and how to use them”, Educational Psychological Measurement, 2006;66:930-44, 

(2006).  

58. Peters, Gjalt-Jorn Y., The alpha and the omega of scale reliability and validity: why and how to 

abandon Cronbach’s alpha and the route towards more comprehensive assessment of scale 

quality, European Health Psychologist, 16(2),pp: 56-69, (2014).  

59. Gadermann, A. M., Guhn, M. , Zumbo, B.D.. Estimating ordinal reliability for Likert-type and 

ordinal item response data: A conceptual, empirical, and practical guide. Practical 

Assessment, Research & Evaluation,17(3). Available online: 

http://pareonline.net/getvn.asp?v=17&n=3, (2012). 

60. Zumbo, B. D., Gadermann, A. M.,  Zeisser, C. Ordinal versions of coefficients alpha and theta 

for Likert rating scales. Journal of Modern Applied Statistical Methods, 6, 21-29, (2007). 

61. Zinbarg, R.E., Revelle, W., Yovel, I., , Li. W. Cronbach's Alpha, Revelle's Beta, McDonald's 

Omega: Their relations with each other and two alternative conceptualizations of reliability. 

Psychometrika. 70, 123-133. doi: 10.1007/s11336-003-0974-7, (2005).  

 

Mukt Shabd Journal

Volume IX, Issue VI, JUNE/2020

ISSN NO : 2347-3150

Page No : 5909

http://pareonline.net/getvn.asp?v=17&n=3

