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Abstract  
 

The results of the this study showed that there is a difference in individual and 

interactive impact of technological, organizational and environmental factors on 

the diffusion of e-services in the public sector, as well as  a difference regarding the 

factors that independently impact the diffusion of e-services oriented to citizens and 

those oriented to business. The results of the study also showed that external factors 

have a predominant impact on the diffusion of e-services oriented to citizens, while, 

in the case of e-services oriented to business, in addition to external factors, 

technical factors also have a high impact. For the purposes of this paper, based on 

the Technology-Organization-Environment framework (TOE), the conceptual model 

suitable for e-services in the public sector is developed, while the Decision Tree (DT) 

Method is used for testing the effects of the proposed variables. This study offers 

valuable inputs both for the government, for creators of national strategies oriented 

towards the promotion and support of the availability and usage of electronic 

services in the public sector, which is very important especially for developing 

countries. 
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Introduction  
Because of the development of technology that characterized the end of the 20th 

and the beginning of the 21st century, the need arose to facilitate and simplify the 

relations between the state and the citizens as well as between the state and the 

businesses. This in turn, led to a greater degree of introduction of e-services in public 

administrations both in developed and developing countries. 

 However, despite the large number of studies, initiatives and programs, the 

introduction of e-services is not always followed by a high degree of application 

which could be seen from the available UN reports (Department of Economic and 
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Social Affairs, United Nations, 2016). This problem is especially evident in developing 

countries, like Montenegro, (Weerakkody et al., 2011), what motivated the authors to 

deal with the issues of e-services diffusion in public administration in the context of 

the Innovation Diffusion Theory. 

 Since the Technology-Organization-Environment Framework – TOE (Depietro et al., 

1990) is often used to examine factors that influence the adoption and diffusion of 

new technologies, it was logical to expand the use of this framework to IT innovations 

(Oliveira et al., 2010; Palacios-Marqués et al., 2015). However, due to the lack of 

empirical research on the impact of TOE factors on the degree of e-service diffusion 

in public administration, the authors considered that this framework could be 

relevant and significant for this type of study. 

 More precisely, using a customized TOE framework, the authors analyzed the 

individual and interactive impact of technological, organizational and 

environmental factors on diffusion of e-services in public sector, and the existence of 

differences regarding the impact of identified factors depending on whether it is 

about the services oriented to citizens or the services oriented to business. In this 

research, the DT method is proposed because it efficiently solves all the mentioned 

deficiencies of regression analysis. In addition to pointing to the importance of 

individual factors, this method enables an automatic detection of the interactive 

influence of factors in the form of simple to understand if-then rules. 

 The rest of the paper is organized as follows: the second part offers an overview of 

the literature on the topic, in which the authors found their motive for the present 

study; the third part features the research methodology; the fourth section presents 

the results with discussion. The paper ends with concluding remarks, study limitations 

and guidelines for future research. 

 

Methodology 
Based on the research objective, the authors defined two research questions:   

 What are the determinants that influence the diffusion of e-services in public 

administration and what is their individual and interactive impact? 

 Are there any differences in the impact of the identified e-government 

diffusion factors, depending on whether e-services are offered to citizens or to 

businesses? 

 Taking into account the TOE framework which considers the adoption of ICT 

innovation by enterprises in technological, organizational and environmental 

contexts (Tornatzky et al., 1990), the need to consider the specificities of the IT 

innovation being studied (Cao et al., 2012), as well as related literature (Table 1), the 

authors defined the conceptual model shown in Figure 1. 
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Figure 1 The Proposed Research Framework 
 

 
Source: Authors' Illustration 

 

 The choice of factors within these three proposed contexts was made after 

analysing the existing valid research models that explain the adoption and diffusion 

of IT innovation (Table 1). 

 

Table 1  

Selection of Variables Based on Literature 

 

Variables Supporting studies 

IT infrastructure Choi et al.  (2016); Chan, et al. (2012); Krishnan et al. 

(2012);  Baker  (2012); Lin et al., (2008); Pan et al. 

(2008); Zhu et al. (2006) 

IT expertise Hunnius et al. (2015); Lin et al. (2008); Pan et al. (2008) 

IT integration Gangwar et al. (2015), Chan et al. (2013); Chourabi 

et al. (2011); Wang et al. (2009) 

Organizational 

Characteristics 

Lucia-Palacios et al. (2015), Aboelmaged (2014), Pan 

et al., (2008); Ifinedo (2011); Teo et al. (2009); Zhu et 

al. (2006) 

Management and 

organizational readiness 

Lucia-Palacios et al. (2015); Pansiri et al. (2010); Azad 

et al. (2010); Lin et al. (2008); Niehaves (2007); Zhu et 

al., (2006) 

Economic and social 

expectations 

Martins et al. (2016); Ghobakhloo et al. (2011); Gant 

(2008) 

External demands and 

pressures 

Henderson et al. (2012); Cordery et al. (2011); Pan et 

al. (2008) 

External support West (2004); Von Haldenwang (2004) 

Regulation Pan et al. (2008); Zhu et al.  (2006) 

Source: Authors’ work 

 

 A questionnaire-based survey was used to find answers to the research questions 

raised. The survey was forwarded to the state authorities and institutions of 

Montenegro in order to be filled out by IT managers and managers employed in the 

marketing sector. The survey lasted three months, and out of 300 questionnaires sent  

(to 90 state bodies and institutions), 136 were returned completely filled out (from 62 
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companies), giving a response rate of 45.3% for the questionnaires (with a response 

rate of around 68.8 % for companies). 
 For the assessment of the current degree of the use of e-government as well as 

the impact of the defined factors on the diffusion of e-government, a 7-point Likert 

scale was used (Ifinedo, 2011). 

 The assessment of the current degree of e-government diffusion in the surveyed 

state bodies and institutions was taken to be the dependent variable. Table 2 shows 

the dependent variable, the nine independent variables, the control variable and 

their distribution. 

 

Table 2  

The Variables for Analysis Generated Based on the Results of the Survey 

 

Name Type Statistics Range 

Diffusion* numeric avg = 3.081 +/- 0.489 [2.000 ; 4.000] 

IT.infrastruct numeric avg = 6.237 +/- 0.693 [5.000 ; 7.000] 

IT.integration numeric avg = 6.033 +/- 0.387 [5.500 ; 7.000] 

IT.expertise numeric avg = 4.467 +/- 0.644 [3.000 ; 6.000] 

Org.character numeric avg = 3.476 +/- 0.290 [2.600 ; 4.000] 

Org.readiness numeric avg = 2.511 +/- 0.534 [1.500 ; 4.000] 

Expectations numeric avg = 4.012 +/- 0.195 [3.583 ; 4.500] 

Ext.req numeric avg = 2.911 +/- 0.456 [2.000 ; 4.333] 

Ext.support numeric avg = 5.900 +/- 0.468 [5.000 ; 6.500] 

Regulation numeric avg = 5.844 +/- 0.487 [5.000 ; 7.000] 

E.services** binominal mode = G2B (74), least = G2C (61) G2B (74), G2C (61) 

Note: *Diffusion is dependent variable; ** E.services is control variable 

Source: Authors’ work 

 

 For the analysis of the collected data and generating a model by which the 

answers to the research questions could be obtained a data mining DT method was 

used.  

 This method systematically analyzes data to derive important relationships 

between the dependent variable and the independent variables and display them 

in a tree structure. The three is composed of nodes, branches and leaves. Each 

node in the tree is associated with one of the input variables and each branch of 

the tree is associated with a subset of values of the corresponding target variable. If 

the target variable is discrete, then the tree is considered to be a classification tree 

and each leaf represents one value of the target variable (one class).   

In this analysis, the independent variables are the nine factors influencing the 

diffusion of e-services as defined in section 3.1, while the target variable is the 

degree of e-government diffusion.  

 In order to find the answers on research question, the classification CART tree 

method was selected because through this method, classification rules are obtained 

for the individual values of the target variable, i.e. degrees of e-government 

diffusion. The rules describe the required interactive impact in a simple way. This 

method also generates the significance of variables and, therefore, the impact of 

individual factors can be determined (Rondović et al., 2017). 

 

Results  
In order to answer the first research question, a classification decision tree was 

generated using the CART method (Figure 2).  
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 By analyzing the decision tree in Figure 2, it can be seen that Ext.req is the root 

variable, which means that this variable has the highest classification power. From 

the root variable, the data set branches into the left sub-tree (for the values of the 

root variable < 3.167) and the right sub-tree (for the values of the root variable 

>=3.167). The right sub-tree includes 38 data items out of which 6 have a degree of 

diffusion “2”, 16 have a degree “3” and 16 have a degree “4”. In the right sub-tree, 

the splitting is continued by attribute which now has the highest classification power. 

It continues on until a leaf is reached. 

 The ratio of the amount of correctly classified data and the total amount of data 

represents the accuracy of the classification. By collecting the correctly classified 

data by leaves (86+5+8+7) we obtain the number, which is 78.52% in relation to the 

total number of data of 135. Therefore, the overall accuracy of the classification in 

this model is 78.52%. 

 

Figure 2  
The Decision Tree Model for the Diffusion of E-Services in Public Administration 
 

 
Source: Authors’ illustration 

 

 Table 3 shows the significant "if-then" rules derived from the model in Figure 2. The 

derived rules confirm the existence of the interactive effect of the factors on the 

degree of e-services diffusion, with satisfactory accuracy.  

 

Table 3 

Significant Rules for the Diffusion of E-services in Public Administration  

 

Leaf Rule  

IF 

 

THEN 

Acc(%) Cov(%) 

1 Low Ext.req 3 88.6 71.8 

4 High Ext.req and Low Expectations and High 

Ext.support 

4 63.6 8.1 

Source: Authors’ work 

 

 When generating the model, the individual factors’ importance in relation to the 

degree of e-services diffusion  is also calculated (Table 4). 
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Table 4 

TOE Factors Importance for the Diffusion of E-services in Public Administration 

 

TOE Factor Importance 

Ext.req 72 

Expectations 14 

Ext.support 8 

IT.integration 2 

Org.readiness 2 

IT.expertise 1 

IT.infrastruct 1 

Note: Rounded values are shown 

Source: Authors’ work 

 

 In order to answer the second research question, the decision tree models in 

Figures 3 and 4 were generated. The overall accuracy of the classification for these 

models is 68.85% and 87.84%, respectively. 

 

Table 5 

TOE Factors Importance for G2C and G2B 

TOE Factor/ Importance G2C G2B 

Ext.req 82 77 

IT.integration 9 16 

Expectations  2 

Ext.support  2 

IT.infrastruct  2 

Org.readiness 9 2 

Note: Rounded values are shown 

Source: Authors’ work 

 

 Table 6 and Table 7 summarize the significant rules derived from the generated 

models.  

 

Table 6 

Significant Rules for the Degree of E-service Diffusion (G2C) 

Leaf Rule  

IF 

 

THEN 

Acc(%) Cov(%) 

1 Low Ext.req 3 79.0 70.4 

2 High Ext.req 4 61.5 21.3 

Source: Authors’ work 

 

Table 7 

Significant Rules for the Degree of E-service Diffusion (G2B) 

Leaf Rule  

IF 

 

THEN 

Acc(%) Cov(%) 

1 Low Ext.req 3 96.3 73 

3 High Ext.req and High IT.integration 4 69.2 17.6 

Source: Authors’ work 
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Figure 3  
The Decision Tree Model for the Classification of the Degree of Diffusion of E-services 

(G2C) 

 
Source: Authors’ illustration 

 

Figure 4  
The Decision Tree Model for the Classification of the Degree of Diffusion of E-services 

(G2B) 

 
Source: Authors’ illustration 

 

Discussion 
If we observe the whole sample, that is, all state bodies and institutions included in 

the study, it can be seen that the greatest single impact on the degree of use of e-

services is exerted by external requirements and pressures. 

 This finding is justified by the fact that e-government implies interoperability, civic-

centricity, an integration of all government services, information resources and 

processes, and that it is logical that the diffusion of e-government in each state body 

and institution is determined by the requirements and pressures of other bodies and 

institutions.  

 In addition, it should not be forgotten  that, thanks to various initiatives and 

strategies, governments around the world were under pressure to implement e-

services and that  internationally, a need is still recognized for new initiatives, 

strategies and action plans to ensure a successful diffusion of these services 

(Ngafeeson et al., 2015). 
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 The weakest single impact on e-government diffusion is exerted by two 

technological factors – IT infrastructure and IT expertise. The result can be explained 

in several ways. It is possible that these factors were more significant when the 

decision was made to adopt this type of IT innovation, and that the diffusion 

problem should be addressed by influencing the third technical dimension – IT 

integration, which is not foreign to diffusion of innovation (Chan et al., 2013).  

 When considering the interactive impact at the whole sample level (Table 2), it is 

noted that if there are high external requirements and pressures, assisted by a higher 

degree of external support, a higher degree of e-government diffusion can be 

achieved even with low expected benefits.  

 According to the empirically obtained results, there are differences as regards the 

factors that individually and in interaction affect the diffusion of e-services in the 

public administration, depending on whether services are offered to individuals or to 

businesses. 

 E-government diffusion both for those offering e-services to individuals and those 

offering them to companies largely depends on external requirements and 

pressures, with the impact of this factor somewhat higher in the G2C category. The 

analysis also showed that the impact of technical factors is somewhat stronger with 

government bodies offering services to enterprises (in particular, IT integration). 

 

Conclusion 
Using the decision tree method and the TOE framework in this study, technical, 

organizational and environmental factors which influence e-government diffusion 

were identified. Furthermore, a step forward was made in relation to previous studies 

dealing with the diffusion of IT innovation, since, in addition to their individual 

influence, their interactive influence was also investigated. In addition, a difference 

was found regarding the importance of the mentioned factors, depending on 

whether a company offers e-services to individuals or other companies. 

 External requirements and pressures are recognized as a key factor for e-

government diffusion, and, therefore, should be seen as the most important drivers of 

greater e-service offer. Organizational factors, in particular, economic and social 

expectations have a slightly lower, but significant potential for e-government 

diffusion.  

 Thanks to the recognized interactive effect of the factors, this analysis has shown 

that the problem of non-recognition of economic and social benefits can be solved 

by influencing some of other factors. In this concrete example, these are high 

external requirements and pressures and a higher degree of external support.  

 From a methodological point of view, the study has shown that the DT method is a 

good alternative to standard regression methods for detecting factors that influence 

the diffusion of e-services in the public sector.  

 This study can motivate other scholars to start new surveys based on the DT 

method and use the TOE framework to study other types of IT innovation.  

 This study can provide guidelines to creators of e-government strategies and 

action plans, as well as to those in the managing positions of state bodies and 

institutions, as it can secure a positive outcome in the phases following the adoption 

of these systems. 

  Just like every other study, the present one has certain limitations, which can be 

understood as challenges to overcome in some future research. 

 Firstly, this research was done for one developing country only. Secondly, this 

research focuses on the post-adoption period. Thirdly, the results are based on data 

that reflect the perception of IT managers and managers in marketing sectors. In 
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future studies, when e-government enters some more mature stages, surveys could 

be designed in such a way as to gather data that also reflect the opinions of 

employees in other sectors. Finally, in this, as in other studies where the TOE 

framework is used, the names of variables and items are never a fixed category, 

they depend on the nature of IT innovation and can be modified and improved in 

future studies. 
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