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Abstract
Solving urbanization problems, especially in developing countries, solely through the adoption of smartness in urban areas 
is insufficient as urbanization is mostly driven by the wide urban-rural economic gap. To narrow this gap, the adoption of 
smartness needs to be extended into rural areas. However, studies in that direction are still lacking. Therefore, we developed 
a theoretical model that explains the determinants of rural smartness and its subsequent consequences on rural economic 
welfare. We validated the model with survey data from 179 villages in West Java Province, Indonesia. The results suggest 
that rural smartness is determined by the interplay of organizational, environmental, and technological readiness, and has 
a strong positive impact on innovativeness which, in turn, improves the competitiveness of the rural business ecosystem. 
This model can serve as a reference for further studies of rural smartness and as the foundation for the design of information 
platforms supporting it.
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Introduction

According to the United Nations (2019), much of the world’s 
population is migrating towards urban areas rapidly. The 
current estimation suggests that between 2018 and 2050, 
the urban population will increase by 58%, from 4.2 to 6.6 
billion, accounting for 68% of the world population. While 
in the past urbanization was often correlated with economic 
growth, the current increase of urbanization mainly occurs 
in megacities located in developing countries with low-level 
income-per-capita (Castells-Quintana & Wenban-Smith, 
2019; Jedwab & Vollrath, 2015). Urbanization without 
growth (a term coined by academics to describe the current 
urbanization phenomenon) has led to serious problems, as 
the urban infrastructures are overwhelmed by the increasing 
demand. Urban areas host 50% of the world population, con-
sume 75% of the world’s generated energy, but cover only 
2% of the planet’s surface (Eremia et al., 2017).

Previous studies indicate that the major source of urban-
ization is rural-urban migration (United Nations, 2019; 
Zhang, 2016). Data from 89 developing countries analyzed 
by Castañeda et al. (2018) shows that around 75% of those 
who live below the poverty line are people in rural areas. In 
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contrast, urban areas offer much higher income potential and 
wider economic opportunities. This rural-urban economic 
gap motivates people to engage in rural-urban migration 
(Zhang, 2016).

Rapid rural-urban migration often results in numerous 
negative impacts for the migrants as well as the urban infra-
structures. For the migrants, this is because a large propor-
tion of them are lacking the skills necessary for the appro-
priation of well-paid jobs in the cities. Typically they end 
up in low-wage jobs or unemployed, which traps them even 
more in poverty (Zhang, 2016). For the urban infrastruc-
tures, because their under-sized capacity has led to various 
urban problems, to name a few: traffic congestion, energy 
crisis, and degradation of environmental quality (Chakra-
bartty & Gupta, 2014; Franco et al., 2017; Zhang, 2016).

On the other hand, there has been a rapid shift towards the 
intensification of use of the novel information technology 
(IT) to alleviate and manage the problems faced by urban 
areas. This trend labelled as “urban smartness” (Albino 
et al., 2015; Manitiu & Pedrini, 2016), puts forward the 
idea that IT plays a vital role in optimizing the utilization of 
urban infrastructures and in empowering urban inhabitants 
to achieve sustainable economic growth and high quality of 
life (Caragliu et al., 2011). However, given the current phe-
nomenon of urbanization, solving urban problems to achieve 
a better living quality for its inhabitants solely through the 
adoption of smartness in urban areas seems to be insufficient 
(Kar et al., 2019).

Recent studies suggest that the adoption of the smartness 
concept should be extended into rural areas as well (Kar 
et al., 2019). This approach is expected to trigger growth 
in the rural economy and slow down the rural-urban migra-
tion process (Zavratnik et al., 2018). The main argument for 
this is that fostering innovation driven by IT will lead to the 
emergence of a better local micro-economic climate (Fen-
nell et al., 2018; Mishbah et al., 2018). This motivates us to 
address the following research question:

How can the concept of smartness improve the economic 
welfare of citizens in rural areas?

More recently, there is a growing interest among academ-
ics for studying smartness adoption as a means to improve 
the economic situation for people living in rural areas, which 
resulted in the formulation of strategies, frameworks, and 
conceptual models (Cunha et al., 2020; Mishbah et al., 2018; 
Naldi et al., 2015; Zavratnik et al., 2018). However, although 
these studies already provide some guidance for the adoption 
of smartness in rural areas, further elaboration of the topic 
is still needed. More precisely, what is still missing from 
the current studies are (1) the formulation of a theoretical 
model that explains the causal mechanism of how smartness 
adoption leads to economic welfare improvement for rural 

citizens, and (2) an empirical assessment of the model based 
on a real sample. We argue that by filling these gaps, this 
paper can provide a theoretical foundation that can guide 
the adoption of rural smartness. To this end, we define the 
following research objectives for this paper:

1. To formulate a rural smartness model: A theoretical 
model that explains the determinants of rural smartness, 
and its impact on economic welfare for people living in 
rural areas. The model we are proposing is grounded 
upon the following studies: the TOE framework by 
Tornatzky and Fleischer (1990), the service innovation 
framework by Lusch and Nambisan (2015), the business 
competitiveness index and the microeconomic founda-
tion of prosperity by Porter et al. (2007), and on the 
systematic literature study on rural smartness that has 
been carried out previously by Mukti et al. (2021).

2. To empirically validate the rural smartness model: To 
validate the model, we use the partial least squares path 
modelling (PLS-PM) on a sample from rural areas in 
West Java Province, Indonesia. This region is selected 
since it represents a relevant context for this study as 
explained below:

a. Representative sampling: in this region, there is a 
significant average income gap between rural and 
urban areas. This gap and lack of economic oppor-
tunities in rural areas drive people to migrate from 
rural to urban areas, leading to various problems.

b. Timing: The regional government is currently imple-
menting digital initiatives to improve the economic 
welfare of its rural citizens. The program’s objec-
tives are to provide the villages within the region 
with access to technology infrastructure and ser-
vices, and education for digital literacy.

Thus, we argue that this paper’s main theoretical contri-
bution is an empirically validated theoretical model that can 
also provide practical guidance for the implementation of 
initiatives towards rural smartness. For example, the meas-
urement of the readiness variables included in the model 
can help the government to take necessary actions to ensure 
their achievement. Furthermore, the operationalization of 
the variables in the model can be translated into a prelimi-
nary set of functional requirements of the IT services aiming 
to accelerate rural economic growth.

The remainder of this paper is organized as follows. 
The Theoretical background section describes the theo-
retical background that supports the theory development 
process explained in the Formulation of theoretical model 
section. The Method section outlines the sample and data 
collection method. The Data analysis section and the Discus-
sion section present and discuss the results of the PLS-PM 
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that we employed for data analysis. Finally, The Conclu-
sion section provides the conclusion of this study and gives 
pointers to future research.

Theoretical background

This section is dedicated to a definition of the concept of 
rural smartness and to the theories and frameworks on which 
our rural smartness model is grounded. As mentioned ear-
lier, our work rests on earlier research, as follows: the pro-
cess-oriented framework of IT business value developed by 
Mooney et al. (1996), the TOE framework by Tornatzky 
and Fleischer (1990), the service innovation framework by 
Lusch and Nambisan (2015), the business competitiveness 
index and the microeconomic foundation of prosperity by 
Porter et al. (2007), and on the systematic literature study 
on rural smartness that has been carried out previously by 
Mukti et al. (2021). In the remainder of this section, these 
are briefly explained and their relevance for rural smartness 
is made explicit.

Rural smartness

In order to properly formulate the theoretical model, we first 
need to have a reference definition of rural smartness. How-
ever, since the concept of rural smartness is still vague, and 
just starting to gain some attention in the academic literature 
(Cunha et al., 2020; Zavratnik et al., 2018), we derived a 
definition from the definition of urban smartness that is a 
more established area of research. In this paper, we refer 
to one of the most cited definitions of urban smartness by 
Caragliu et al. (2011): “We believe a city to be smart when 
investments in human and social capital and traditional 
(transport) and modern (ICT) communication infrastruc-
ture fuel sustainable economic growth and a high quality of 
life, with a wise management of natural resources, through 
participatory governance”.

Three main aspects are key in the definition above: the 
goals (i.e., sustainable economic growth and high quality of 
life), the resources (i.e., human capital, social capital, and 
communication infrastructure), and the process (i.e., partici-
patory governance). We include these three aspects in the 
definition of rural smartness as well.

As far as the goals are concerned, there is a slight scope 
difference between the adoption of smartness in the urban 
and the rural contexts. This difference is caused by the dif-
ferent problems they are facing. The problems faced in the 
urban context are typical for densely populated areas that 
exhibit a rapid degradation of the overall quality of living, 
for example, traffic and mobility, waste, pollution, energy 
scarcity, and social issues (Angelidou, 2017; Neirotti et al., 
2014). On the other hand, the problems faced in the rural 

context, especially in the developing countries, are strongly 
related to economic aspects, such as poverty, lack of job 
opportunities, inefficient business ecosystem, and stagnancy 
of economic growth (Castañeda et al., 2018; Cunha et al., 
2020; Imai et al., 2017; Wiggins & Proctor, 2001). There-
fore, given these specificities, the main goal of rural smart-
ness is to improve the rural economic situation, the main 
argument for this goal being that fostering IT innovation 
will lead to the emergence of a better local micro-economic 
climate (Cunha et al., 2020; Zavratnik et al., 2018).

To identify the resources and the process aspects of rural 
smartness (i.e., the other two key aspects mentioned in the 
urban smartness definition), we analyze characteristics of 
urban smartness that have been mentioned in the extant liter-
ature as having an economic contribution and might be also 
relevant for rural areas. For this, we refer to the results of 
the systematic literature review (SLR) study by Mukti et al. 
(2021). We found four main characteristics of smartness that 
are expected to have positive impacts on the economic wel-
fare of citizens in rural areas. First, the connectivity between 
the stakeholders throughout the rural business ecosystem 
(i.e., rural citizens, rural business entities, government, and 
 3rd party) that is enabled by the IT infrastructures and ser-
vices, defined as connectedness. Second, the participation 
of stakeholders in the governmental programmes to improve 
the economic welfare of citizens in rural areas that is facili-
tated by the availability and usage of IT services, defined as 
participatory governance. Third, the creative and innova-
tion capabilities of rural citizens that are empowered by IT, 
defined as digitally empowered citizens. Fourth, the strategic 
and implementation alignment of IT service provisioning in 
rural areas, defined as the coherence of IT service provision.

To conclude, we note that two main resources are criti-
cal for achieving rural smartness: the IT infrastructures and 
services that enable connectedness between stakeholders in a 
rural area, and the digitally capable human capital. Further-
more, there are three main processes in rural smartness that 
we must be in place: the connectedness between stakehold-
ers in rural areas, the active participation of stakeholders to 
improve living conditions in rural areas, and the coherence 
of IT service provision.

Therefore, based on the three aspects of rural smartness 
definition explained previously, we define rural smartness as 
the situation in which the combination of investments in IT 
infrastructure and services, and the human capital is effec-
tively improving the economic welfare of citizens in rural 
areas through connectedness, participatory governance, and 
coherence of IT service provisioning. We use this descrip-
tion as the base definition of rural smartness throughout this 
paper.
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Process‑oriented framework of IT business value

The process-oriented framework of IT business value is a 
conceptual framework developed by Mooney et al. (1996) 
that explains how diffusion of IT innovation transforms the 
value creation process within an enterprise. In essence, this 
framework suggests that an enterprise is able to derive busi-
ness value from IT through the transformational effects that 
IT has on its operation and management processes. Further-
more, this framework suggests that the success of such IT 
innovation is determined by the support from the internal 
organization and the external environment.

We use this framework to design the basic structure of the 
rural smartness theoretical model depicted in Figure 1. The 
reason for this is that although the framework was initially 
developed for the context of digital transformation in an 
enterprise, it can also be used in the context of digital trans-
formation in a community. The suitability of the framework 
for this purpose is supported by its focus on digital transfor-
mation in the context of enterprises and smart cities, as high-
lighted in Javidroozi et al. (2014), Mamkaitis et al. (2016) 
and Anthony Jnr (2021). In an enterprise, digital transfor-
mation involves the diffusion of IT to re-align the business 
processes that change the way value is created for its stake-
holders. The goals are to increase the enterprise’s productiv-
ity, decrease production costs, and improve its service for 
customers. This focus on enterprise digital transformation 
can also be found in the context of smart cities, where digi-
tal transformation involves applying digital technologies to 
transform the operational processes of cities (e.g., transport 
systems, energy systems, and economic activities) from a 
conventional to a digital-based approach with the ultimate 
goal to improve the quality of life of its citizens.

Aligned with the process-oriented framework of IT busi-
ness value, the basic structure for model formulation consists 
of three blocks that are interrelated with rural smartness. 
First, the determinants block is where we include the varia-
bles that contribute to the realization of rural smartness. Sec-
ond, the process improvement block is where we consider 
the variables that represent the influence rural smartness has 
on the process within the rural business ecosystem. Third, 
the desired value block is where we define the dependent 
variable, namely the economic welfare improvement.

The technology‑organization‑environment 
framework

The technology-organization-environment (TOE) framework 
developed by Tornatzky and Fleischer (1990) explains the 
elements within the context of an enterprise that influence 
the adoption and diffusion of technological innovation. 
These elements are the technological context, the organi-
zational context, and the environmental context. The tech-
nological context includes the existing technologies that are 
currently in use, as well as those that are available in the 
market and are relevant for the enterprise. The organiza-
tional context captures the characteristics and resources of 
the enterprise, including organizational culture, top-manage-
ment support, communication process, quality of its human 
resources, and the amount of slack resources. Finally, the 
environmental context relates to the facilitating and inhibit-
ing factors in the area where the enterprise operates, for 
example, socio-cultural issues, regulations, access to  3rd 
party resources, and industry structure (Awa et al., 2015; 
Baker, 2012; Zhu et al., 2003).

The TOE framework has been widely used as the basis 
for studying the factors that influence the adoption and dif-
fusion of technology innovation in various contexts. Its wide 
applicability has been confirmed by different researchers, as 
this framework has been used to study the influencing factors 
in the adoption and diffusion of technology infrastructures 
(e.g., electronic data interchange (Iacovou et al., 1995) and 
the internet of things (Hsu & Yeh, 2016)), technology ser-
vices (e.g., e-business (Zhu et al., 2004), ERP (Awa et al., 
2016)), and innovation in a community (e.g., smart city 
(Bremser et al., 2019)). In addition, Trang et al. (2014) show 
empirically that the TOE framework has a high explanatory 
power to model the adoption of an IT innovation. Given its 
wide applicability and relevance, we also utilize it for the 
identification of variables in the determinants block of the 
rural smartness model.

The service ecosystem

Service ecosystem is a concept coined by Lusch and Nam-
bisan (2015) that refers to a set of interacting entities that 
are connected by a shared institutional logic and mutual 

Fig. 1  Basic structure for model 
formulation



Rural smartness: Its determinants and impacts on rural economic welfare  

1 3

value creation through service exchange. According to this 
concept, IT is seen as a means that can help hold together 
the diverse entities and enable collaboration within the 
ecosystem.

Lusch and Nambisan (2015) suggest that the creation 
of a service ecosystem through IT enhances the resource 
density in the ecosystem and enables entities in the eco-
system to leverage resource liquefaction, thus accelerat-
ing the resource integration/absorption process. Resource 
density is important as it conditions whether resources can 
be quickly exchanged between the entities in the process of 
value creation. A high resource density is a prerequisite for 
entities in the ecosystem to easily integrate various acces-
sible resources, and subsequently trigger collaboration and 
innovation in the value creation process. On the other hand, 
resource liquefaction refers to the digitization process that 
decouples the information from its source. This digitization 
process enables entities in an ecosystem to improve their 
capability to absorb, process, and share information.

We argue that Lusch and Nambisan’s view can be applied 
as well to rural areas that have realized rural smartness, as 
they can be seen as a service ecosystem. This is because 
the rural areas have the foundational components of a ser-
vice ecosystem. First, the interacting entities of a service 
ecosystem can be represented by the stakeholders in a rural 
business ecosystem that is interconnected through IT infra-
structure and services (connectedness). Second, the shared 
institutional logic of a service ecosystem can be represented 
by the availability of a strategy that aligns well with the 
IT service provision (coherence of IT service provision). 
Third, the mutual value in a service ecosystem can be rep-
resented by the goal of rural smartness, that is, to improve 
the citizens’ economic welfare. Lastly, the service exchange 
activity of a service ecosystem can be represented by the 
active participation of stakeholders in the economic welfare 
improvement initiatives (participatory governance). Given 
this relevance to the context of rural smartness, we incorpo-
rate the concept of service ecosystem in the formulation of 
the theoretical model. This concept helps us to understand 
the impact of rural smartness on the variables included in the 
process improvement block of the model’s basic structure.

The microeconomic foundation of prosperity

The microeconomic foundation of prosperity is an economic 
theory from Porter et al. (2007) that emphasizes the impor-
tance of microeconomic competitiveness for the prosperity 
of a nation. According to this theory, the microeconomic 
entities (at the firm level) are the entities that translate 
opportunities created by the macro context (e.g., macro-
economic, political, legal, and social context) into prosper-
ity. As a result, the improvement of competitiveness at the 

microeconomic level is crucial, since it forms the foundation 
of prosperity.

In order to have resilient and sustainable competitive-
ness at the microeconomic level, Porter et al. (2007) sug-
gest that firms must adopt the innovation-driven economy, 
and argues that, the ability to produce innovative products 
and services using the most advanced methods available is 
the very source of a firm’s competitiveness. This approach 
is considered to be more beneficial than the factor-driven 
economy (i.e., relying on low-cost labor and unprocessed 
natural resources) or the investment-driven economy (i.e., 
relying on infrastructure investment), as it leads to a stronger 
resilience when facing external disruptions. Therefore, the 
capacity to innovate can be seen as a key factor to improve 
competitiveness.

Furthermore, to operationalize competitiveness, Porter 
et al. (2007) developed the business competitiveness index 
(BCI). The measurement of BCI covers 58 indicators that 
represent competitiveness at the firm and at the national 
business environment levels (Porter et al., 2007). The BCI 
seeks to explore the relationship between business competi-
tiveness and prosperity measured by GDP per capita. To 
have a better understanding of the relationship, Porter et al. 
(2007) plotted the BCI against GDP per capita of 127 coun-
tries in a regression model. The coefficient of determination 
(R2) of the regression model showed that 82% of the vari-
ance in the GDP per capita is explained by the BCI. This 
result suggests that competitiveness in the business environ-
ment is a very strong predictor for economic welfare.

We include the concepts of microeconomic foundation 
of prosperity in the theoretical model formulation to help us 
understand the predictors of economic welfare improvement 
enabled by rural smartness. To this end, based on Porter’s 
we decided to include innovativeness and competitiveness as 
main variables in the process improvement block of the rural 
smartness model, and we hypothesize that they have a signif-
icant relationship with the dependent variable representing 
economic welfare improvement in the desired value block.

Formulation of theoretical model

In formulating the theoretical model, we refer to the basic 
structure presented in Figure 1 that we explained in the pre-
vious section. We used the TOE framework to identify the 
variables that act as the determinants for rural smartness. On 
the other hand, we used the concept of service ecosystem 
and the microeconomic foundation of prosperity to identify 
the variables that mediate the impact of rural smartness on 
economic welfare improvement. Next to these foundational 
theories, we also use relevant articles based on a systematic 
literature study by Mukti et al. (2021) to define indicators of 
the variables included in the model.
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Figure 2 shows the proposed theoretical model of rural 
smartness. In summary, this model hypothesizes that: (1) 
there are three interrelated variables that act as the determi-
nants for rural smartness: technological readiness, organiza-
tional readiness, and environmental readiness, and (2) there 
are two variables that mediate the impact of rural smartness 
on the perceived economic welfare improvement: innova-
tiveness and competitiveness.

The theoretical model includes two types of variables, 
namely, latent variables and emergent variables. Latent vari-
ables are the variables that cannot be measured directly but 
instead inferred through their indicators. Latent variables 
typically represent abstract concepts, such as attitude, traits, 
or behavior (Benitez et al., 2020; Henseler et al., 2016). Var-
iables in the model operationalized as latent variables were 
innovativeness, competitiveness, and perceived economic 
welfare improvement. These variables are represented in 
an oval shape. On the other hand, emergent variables refer 
to the variables that emerge from a combination of their 
indicators. Emergent variables fit best to model man/firm-
made artefacts, such as technologies, systems, processes, 
strategies, or management instruments (Benitez et al., 2020; 
Henseler et al., 2016). Variables in the model operational-
ized as emergent variables were organizational readiness, 
technological readiness, environmental readiness, and rural 
smartness. These variables are depicted using a hexagon 
shape. In the next sub-sections, we explain each of these 
variables, define their measurement indicators, and provide 
theoretical argumentation for the hypotheses in the model.

Determinants of rural smartness

As explained in the Theoretical background section, we 
used the TOE framework as the basis to define the inde-
pendent variables that can be seen as the determinants of 
rural smartness. Consistent with the TOE, the variables 

are technological readiness (technology context), organi-
zational readiness (organization context), and environmen-
tal readiness (environment context). Table 1 presents their 
formal definition and their indicators. The indicators (and 
the instrument development process) are the result of the 
SLR included in Mukti et al. (2021), which identified the 
challenges occurring during the adoption and diffusion of 
smartness in rural areas from the perspective of the TOE. 
We argue that by being ready to overcome these challenges, 
we can increase the likelihood of realizing rural smartness. 
In the following sub-sections, we explain the formulation 
of the research hypotheses that interrelate these variables.

Role of organizational readiness

Previous studies found that the organizational entity that 
plays an important role in the initiatives toward rural smart-
ness is the government (Jung et al., 2014; Mishbah et al., 
2018; Zavratnik et al., 2018). This finding implies that 
organizational readiness in the context of rural smartness 
is actually synonymous with the readiness of the govern-
ment. To understand the role of the government, we need to 
look at the characteristics of rural areas, at least from three 
perspectives: geographic, economic, and human resources.

First, geographically, rural areas are typically remote 
locations with limited connectivity to economic centers 
that concentrate in urban areas. Given this geographical 
situation, the logistics and transportation costs to and from 
urban areas are high and lead to stagnation of economic 
growth in rural areas (Cunha et al., 2020; Wiggins & Proc-
tor, 2001). Second, the rural economy dependencies are 
very much dependent on the agricultural sector. However, 
agricultural activities are less profitable compared to non-
agricultural activities. This situation causes workers in rural 
areas to migrate and seek employment in the non-agricul-
tural sector in urban areas, which deprives rural areas of the 

Fig. 2  Theoretical model
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young population and workplaces (Cunha et al., 2020; Imai 
et al., 2017). Third, from a human resource perspective, an 
empirical study found that 80% of the extremely poor and 
75% of the moderately poor are people living in rural areas 
(Castañeda et al., 2018), implying that rural citizens have 
a much lower purchasing power when compared to urban 
citizens. Furthermore, rural citizens typically have a low 
educational level. Although most rural citizens finished the 
high-school education level, only a small fraction of them 
continue with higher education (Imai & Malaeb, 2018). This 
situation makes human resources in rural areas less competi-
tive, low-skilled and cheap (Zhang, 2016).

Given the current conditions of rural areas described 
above, it is difficult to rely on the private sector to realize 
rural smartness. The low purchasing power, the low educa-
tion level of human resources, and the high logistics and 
transportation costs make the investment in rural areas not 
economically attractive for the private sector. Therefore, 
the initiation of programs for rural smartness must be the 
responsibility of the government (Jung et al., 2014; Mish-
bah et al., 2018; Wiggins & Proctor, 2001; Zavratnik et al., 
2018), as explained below.

As a public entity, the government has the obligation to 
improve the economic situation of people living in rural 
areas. One of the regional governments’ primary tasks is to 
allocate the necessary budget to develop the infrastructures 
in the respective rural areas, either logistics infrastructures 
(e.g., roads and bridges) or IT infrastructure (e.g., internet 
access and reliable electricity), in such a way that it improves 
the connectedness between the different stakeholders of the 
rural business ecosystem (Rodríguez-Pose & Hardy, 2015; 
Zavratnik et al., 2018). Furthermore, the government can 

initiate a collaboration with the private sector, for example 
through a public-private partnership scheme, to provide IT 
infrastructure and service for rural areas. In this way, the 
private sector can be encouraged to get involved actively 
in rural development (Gulati, 2007; Zavratnik et al., 2018). 
The government also has the authority to initiate educational 
policies and programs with the goal of accelerating the dif-
fusion of productive utilization of IT by rural citizens. These 
educational policies and programs encompass not only tech-
nical digital literacy but also creative literacy and entrepre-
neurship skills, in such a way that they can empower rural 
citizens to have a better livelihood (Nedungadi et al., 2018). 
Finally, the government as the policy maker has the capabil-
ity to ensure the coherence of IT services provisioning in 
rural areas, in line with the strategic directions and neces-
sary regulations for rural development (Naldi et al., 2015; 
Talbot, 2016).

The explanation of the roles of the government described 
above suggests that organizational readiness not only has a 
direct positive effect on the realization of rural smartness, 
but also contributes to the realization of technological, and 
environmental readiness.

H1: Organizational readiness contributes positively to 
technological readiness.
H2: Organizational readiness contributes positively to 
environmental readiness.
H3: Organizational readiness contributes positively to 
the realization of rural smartness.

Table 1  Antecedent of rural smartness: variables, definitions, and indicators

Variable Definition Indicators

Organisational readiness The degree to which the government considered as being ready to 
realise rural smartness

1. Certainty of sustainable funding
2. IT capability
3. Commitment to support
4. Collaboration

Technological readiness The degree to which the required technological elements are consid-
ered as being ready to realise rural smartness

1. Internet access
2. Information technology services suitability
3. IT device ownership
4. Electric reliability
5. Adequacy of IT strategic guidelines

Environmental readiness The degree to which the citizens, the third parties, and the regulatory 
environment are considered as being ready to realise rural smartness

1. Digital knowledge of rural citizens
2. The willingness of rural citizens to utilise 

technology in their economic activities
3. The purchasing power of rural citizens for 

IT services
4. The entrepreneurial capability of rural 

citizens
5. Supportive regulations and policies
6. Citizens involvement
7. Third-parties involvement
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Role of technological readiness

In the context of the theoretical model (see Table 1), we refer 
to technological readiness as the technological elements 
required for rural smartness. These elements are especially 
concerned with the readiness of internet access, including 
its services and associated supporting infrastructures (online 
services, stable electricity, and IT devices). In particular, 
these technological elements are provided, either indepen-
dently by the government (therefore, IT strategic guideline 
is included in the technological readiness), or independently 
by the third party. Support from the third party to the gov-
ernment, as the responsible organization, in realizing rural 
smartness is part of the environmental readiness (Bhat-
tacharya & Wamba, 2018; Dewi et al., 2018; Ramdani et al., 
2009) that will further be explained in the next section.

As explained earlier, important geographic characteris-
tics of rural areas, are remoteness and poor organization of 
transportation and logistics. The immediate consequence of 
this is low accessibility to the resources and markets which 
force business ecosystems in rural areas to operate mostly 
locally and in silos (Cunha et al., 2020; Philip & Williams, 
2019). This situation implies that rural areas do not have 
much potential of their own to accelerate their economic 
growth (Naldi et al., 2015).

On the other hand, studies found that internet access ena-
bles businesses in rural areas to mitigate the issue with geo-
graphic isolation (Freeman et al., 2016; Philip & Williams, 
2019). Having access to online services such as websites, 
social media, and e-commerce, enables them to connect 
to a broader market, and pool of suppliers and resources, 
regardless of their location. This helps businesses in rural 
areas to improve their efficiency in production and marketing 
activities and triggers the growth of their business (Philip 
& Williams, 2019; Prieger, 2013). Therefore, access to the 
internet and online services is instrumental for achieving 
connectedness between stakeholders in a rural business eco-
system, which is the foundation for rural smartness.

Furthermore, internet access also has particular benefits 
for rural communities. First, it enables rural citizens to 
have access to online learning opportunities and learning 
communities, ranging from informal information portals 
and community networking to formal online education and 
training courses (Mason & Rennie, 2004). Second, access to 
the internet encourages rural citizens to participate actively 
in rural development initiatives. Citizens in rural areas can 
use the internet to find information and to discuss important 
issues in their community. This awareness can motivate them 
to initiate voluntarily activities to improve the situation in 
their village (Stern et al., 2011).

Based on the above arguments, we expect the technologi-
cal readiness contributes positively to the realization of rural 
smartness, as well as, to environmental readiness.

H4: Technological readiness contributes positively to 
environmental readiness.
H5: Technological readiness contributes positively to the 
realization of rural smartness.

Role of environmental readiness

Environmental readiness (see Table 1) mainly covers three 
aspects related to rural smartness: the citizens, the third par-
ties, and the regulatory environment. Next, we explain the 
importance of these three aspects for the realization of rural 
smartness.

The goal of IT implementation in the context of rural 
smartness is to improve the quality of living and the eco-
nomic welfare of rural citizens. However, the benefits of 
IT implementation are lost when the IT is not actually used 
as intended (Davis, 1993). A systematic literature study 
found there are several factors that hinder the actual use 
of IT by rural citizens (Mukti et al., 2021). First, rural citi-
zens have low digital literacy, namely a lack of knowledge 
to properly use the IT devices and services (Dowell, 2019; 
Nedungadi et al., 2018). Second, rural citizens have a low 
purchasing power. The average wage in rural areas is much 
lower compared to the wage in urban areas, and a significant 
percentage of rural citizens are living below the poverty line 
(Castañeda et al., 2018; Imai & Malaeb, 2018), which makes 
the affordability of IT devices/services extremely low. Third, 
from a cultural perspective, citizens in rural areas tend to be 
traditionalists and exhibit rather strong resistance to change 
and innovation. For them, a computer, a smartphone and 
the internet represent the products of and a threat to their 
community (Correa & Pavez, 2016; Ray, 2018). These chal-
lenges make citizens in rural areas have a low motivation to 
embrace IT as a part of their economic activities and way of 
working and living. Therefore, to increase the likelihood of 
rural smartness, readiness in the citizens' aspect is needed.

However, readiness in the aspect of citizens per se is not 
sufficient to realize rural smartness. This is because, from a 
higher perspective, rural area is being viewed as an ecosys-
tem that comprised of different interrelated stakeholders. 
According to the quadruple helix model, besides the citizens' 
aspects, involvement of the third parties (e.g., university and 
industry) and the supportive regulatory environment are 
also considered as the crucial elements that enable regional 
connectedness and participatory ecosystem, which are the 
important characteristics of rural smartness (Carayannis 
et al., 2018; Van Waart et al., 2016). The R&D third parties 
(e.g., universities) play a significant role in knowledge crea-
tion and diffusion that triggers innovation in the ecosystem, 
whereas the non-R&D third parties (e.g., industries) play 
an important role to provide necessary services for the eco-
system (Borghys et al., 2020; Carayannis et al., 2018). On 
the other hand, the supportive regulatory environment plays 
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an essential role to push forward the adoption of IT innova-
tion in the ecosystem. For example, a regulation on data 
interoperability can increase the confidence of IT service 
providers to interchange the data with the other stakehold-
ers in the ecosystem, in such a way, can accelerate the value 
creation process and at the same time protect the rights of 
the involved stakeholders (Weber & Podnar Zarko, 2019).

The importance of the citizens, the third party and the 
regulatory environment for the realization of rural smartness 
described above, motivates us to posit that environmental 
readiness can be a strong determinant of rural smartness.

H6: Environmental readiness contributes positively to the 
realization of rural smartness.

Impact of rural smartness

Based on the model’s basic structure explained in the Theo-
retical background section, rural smartness is hypothesized 
to have an impact on the variable in the desired value block 
through its positive influences on the variables within the 
process improvement block. The variable in the desired 
value block should be a dependent variable that measures 
the economic welfare improvement. However, it is extremely 
difficult to isolate and measure the improvement as a result 
of rural smartness of economic welfare, since many other 
variables beyond the context of this research model may 
influence its value (Wu & Wang, 2006). This difficulty has 
been acknowledged in several other studies that measured 
the impact of IT innovations. To address this difficulty, pre-
vious studies in the literature measured the impact based on 
perceptions of those who are affected by the IT innovations, 
for example, perceived usefulness (Davis, 1989), perceived 
benefits (Karlinsky-Shichor & Zviran, 2015), and perceived 
economic wellbeing (Sinha & Verma, 2020). We follow 
the same line of thinking and define the dependent vari-
able in our theoretical model as perceived economic welfare 

improvement, which reflects the degree to which rural citi-
zens believe the realization of rural smartness will result in 
economic welfare improvement.

On the other hand, based on the concepts of BCI and the 
microeconomic foundation of prosperity explained in the Theo-
retical background section, we identified that there are two vari-
ables in the process improvement block of the model’s basic 
structure, namely innovativeness and competitiveness. These 
variables act as the variables that mediate the effect of rural 
smartness on the perceived economic welfare improvement.

Table 2 presents the definition and indicators of the vari-
ables related to the impact of rural smartness. These indica-
tors are derived from our previous SLR regarding the eco-
nomic impacts of smartness adoption (Mukti et al., 2021). 
The formulation of research hypotheses that interrelate these 
variables are explained in the following sub-sections.

Immediate impacts of rural smartness

As explained in the Theoretical background section, accord-
ing to the concept of service ecosystem by Lusch and Nam-
bisan (2015), rural areas that have realized rural smartness 
can leverage resource liquefaction and enhance the resource 
density within their ecosystem. In the rural context, liquefac-
tion of resources means that the information about resources 
owned by businesses in rural areas, either tangible resources 
(e.g., goods and natural resources) or intangible resources 
(e.g., skills and culture) are converted into a digital form. 
This digital transformation process empowers businesses in 
rural areas to be able to exchange information about their 
resources without needing to have physical interactions. 
Therefore, rural businesses are no longer isolated. Instead, 
they operate within a collaboration network that constitutes 
a fertile ground for them to innovate by combining the avail-
able resources (e.g., new product or new service) (Lusch & 
Nambisan, 2015; Talbot, 2016). Consequently, the develop-
ment of the innovations inspires rural citizens to become 

Table 2  Impact of rural smartness: variables, definitions, and indicators

Variable Definition Indicators

Rural smartness The degree to which rural smartness is realised 1. Connectedness
2. Participatory governance
3. Digitally empowered citizens
4. Coherence of IT service provision

Innovativeness The degree to which businesses in rural areas considered as being innova-
tive

1. Business collaboration improvement
2. Value creation improvement
3. Increase in entrepreneurship

Competitiveness The degree to which businesses in rural areas considered as being competi-
tive

1. Market access improvement
2. Business productivity improvement
3. Business efficiency improvement

Perceived economic 
welfare improve-
ment

The degree to which rural citizens believe the realisation of rural smartness 
will result in economic welfare improvement

1. Perceived income increase
2. Perceived increase in the employment rate
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entrepreneurs, which in time can stimulate growth in rural 
economic activities (Yadav & Goyal, 2015).

From another point of view, the liquefaction and the high 
density of resources can help rural businesses to strengthen 
their competitiveness. Within the collaboration network, 
the rural businesses can establish, for example, cooperative 
arrangements for sales or promotion, in such a way that they 
are able to reach the customers, not as independent entities, 
but based on a cooperative approach such that they have 
access to a broader market (Cunha et al., 2020). Further-
more, with the help of the digitization of resources and the 
easiness to exchange their resources within the collaboration 
network, rural businesses can operate efficiently and be more 
productive with their available resources (Oluwatayo, 2014; 
Talbot, 2016).

Based on the above arguments, that explained how busi-
nesses in rural areas can benefit from the liquefaction and 
the high density of resources, we hypothesize that rural 
smartness contributes positively to the innovativeness and 
the competitiveness of rural businesses.

H7: Rural smartness contributes positively to innovative-
ness.
H8: Rural smartness contributes positively to competi-
tiveness.

Role of innovativeness and competitiveness

In the rural context, small and medium enterprises (SMEs) 
are the main actors that drive the economy (Arifin et al., 
2020; Talbot, 2016). However, due to their geographical 
nature, these rural SMEs typically operate in isolation: hav-
ing limited access to market, resources, and funding; thus 
their numbers is limited and stagnant (Eniola & Entebang, 
2015; Muñoz & Kimmitt, 2019). This is why the business 
environment in rural areas need to become more intercon-
nected, in order to trigger innovation (i.e., creation of new 
products, new services, and new businesses). These innova-
tions, in turn, can contribute directly to the economic welfare 
improvement (e.g., through the creation of job opportuni-
ties) or indirectly through the competitiveness improvement 
(e.g., access to a wider market, higher productivity, and a 
more resource-efficient production) (Cunha et al., 2020; 
Naldi et al., 2015; Talbot, 2016). The above argument is 
aligned with the microeconomic foundation of prosperity 
by Porter et al. (2007) that is explained in the Theoretical 
background section, where the ability to innovate through a 
collaborative environment is the dominant source of com-
petitiveness that leads to prosperity.

Based on these arguments we posit that innovativeness 
contributes positively to competitiveness, and both variables 
(innovativeness and competitiveness) are predictors of the 
perceived economic welfare improvement.

H9: Innovativeness contributes positively to competitive-
ness.
H10: Innovativeness contributes positively to the per-
ceived economic welfare improvement.
H11: Competitiveness contributes positively to the per-
ceived economic welfare improvement.

Method

Sample

To validate the proposed theoretical model, we have chosen 
a sample from the villages in West Java Province, Indonesia. 
We selected this region because it is confronted with seri-
ous urbanization problems caused by rural-urban migration, 
and because currently, the regional government has been 
implementing initiatives towards the realization of rural 
smartness.

West Java is the most populated province in Indonesia, 
with more than 48 million people inhabiting 27 cities and 
more than 5000 villages (BPS, 2018). Although rural areas 
in this region are much larger compared to the urban areas, 
in recent years most of its rural inhabitants have been migrat-
ing in a high tempo to urban areas. Currently, more than 70% 
of the region’s population is living in urban areas (Statista, 
2019). This urbanization has a positive and a negative side. 
On the positive side, the economic growth rate of this region 
is higher than the national average (5.58% compared to 
5.17% national economic growth (BPS, 2018)). On the nega-
tive side, urban areas in this region are extremely densely 
populated and confronted with a variety of problems, includ-
ing, traffic congestion, unemployment, scarcity of housing, 
and pollution. The urbanization that takes place in the region 
is mainly triggered by the wide economic gap between urban 
and rural areas. This can be seen by the higher poverty rate 
in rural areas with 10.25% compared to 6.47% in urban areas 
(West Java Provincial Government, 2018). To narrow the 
economic gap between urban and rural areas, the provincial 
government has been initiating the diffusion of rural smart-
ness by introducing the West Java Digital Village program.

In more detail, as provided by the report from the West 
Java Digital Service (2020), there are three layers represent-
ing the key initiatives in the West Java Digital Village Pro-
gram: basic internet infrastructure (layer 1), digital literacy 
(layer 2), and digital services (layer 3). For layer 1, the gov-
ernment has been implementing basic internet infrastruc-
ture in rural areas and providing IT devices for the rural 
community. As of March 2020, 4,541 out of 5,342 villages 
(85%) have been equipped with internet access. For layer 2, 
the government has been conducting initiatives to improve 
the digital literacy of people living in rural areas. For exam-
ple, by collaborating with several technology companies, 
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universities and volunteers to provide training on digital-
related subjects in various villages across the region. For 
layer 3, in collaboration with the third-party service provid-
ers, the government has been implementing several digital 
village themes to improve the economic climate in rural 
areas. The digital village themes were the following:

1. Digital commerce: through collaboration with online 
marketplace providers, rural businesses are facilitated to 
sell their products online. As of March 2020, this digital 
village theme has been implemented in 25 villages.

2. Digital fishery: through collaboration with an IoT-based 
fishery service provider, rural fishery farming busi-
nesses are facilitated with automatic feeding machines 
to improve their productivity. As of March 2020, this 
digital village theme has been implemented in one vil-
lage and planned to be replicated to another six villages 
across the province.

3. Digital agriculture: through collaboration with an IoT-
based agriculture service provider, rural agriculture 
businesses are facilitated with IoT devices to optimize 
their yields. As of March 2020, this digital village theme 
has been implemented in three villages.

4. Multimedia: through collaboration with a digital mul-
timedia service provider, rural citizens are trained in 
digital-content-making skills, enabling them to have the 
necessary ability for the creative economy. As of March 
2020, this digital village theme has been initiated in the 
form of training to representatives from 20 villages.

Data collection

Respondents

The data is collected by distributing a survey to a sample of 
respondents that have an understanding of the IT utilization 
by citizens in the rural areas of the West Java Province, in 
Indonesia. For this purpose, two groups of respondents were 
selected to participate in this study: the village neighbor-
hood heads and the village agents. The village neighborhood 
heads refer to the local citizens elected by the local com-
munities as the leaders of particular neighborhoods within 
rural areas of the West Java Province. Their primary duty 
is to work with the local government to deliver public ser-
vices for the local community. On the other hand, the village 
agents consist of individuals employed by the government 
to live and work in the villages across the West Java Prov-
ince. Their main duty is to work with the local community 
to improve the rural economic situation by facilitating rural 
development activities, such as providing training in busi-
ness development and assisting the community to establish 
proper rural businesses.

Both sample groups understand the situation concern-
ing the utilization of IT in their rural areas since they were 
closely involved in the West Java Digital Village Program. 
The village neighborhood heads were the key users of the 
Sapawarga application, a mobile application provided by the 
provincial government which aims to help citizens channel 
their aspiration, improve government’s information delivery, 
and facilitate citizens’ access to public services through digi-
tal means (Nurhuda et al., 2021; West Java Digital Service, 
2020). As the key users, they received training on the use 
of the app and IT literacy in general, thus having adequate 
knowledge of IT to play the role of the mediator between the 
local citizens and the provincial government through the use 
of the app (Kompas, 2019; West Java Digital Service, 2020). 
On the other hand, the initiatives to improve the rural econ-
omy carried out by the village agents were aligned with the 
digital village themes explained in the previous section. For 
that purpose, the village agents have been properly trained 
by the local government with the necessary IT skills, such 
as e-commerce, digital marketing, and e-governance (West 
Java Digital Service, 2020).

The main purpose of the trainings received by respond-
ents in both groups is mainly acquisition of skills. The effec-
tiveness of the training was expressed in terms of the extent 
to which the trained skills can be apply by the participants 
in their actual jobs (Hunt, 2003). Therefore, to facilitate the 
skills transfer in the context of the job performed by the par-
ticipants, it is important for them to have the opportunity to 
perform the skills in a supportive post-training environment 
(Arthur Jr. et al., 2003). In that regard, the village neigh-
borhood heads were granted access to using the Sapawarga 
application to facilitate the interaction of local citizens with 
the government. On the other hand, the village agents were 
given the opportunity to apply their knowledge by being 
involved in the West Java Digital Village Program. In addi-
tion, the ICT agency of the provincial government provided 
a technical contact center to ensure any issues raised in this 
post-training environment could be addressed.

Data collection procedure

We prepared a self-administered online questionnaire using 
a five-point Likert scale (1 = “strongly disagree”; 5 = 
“strongly agree”) to measure the perception of the respond-
ents on the indicators of each variable in the theoretical 
model. However, before we distributed the questionnaire 
to the actual respondents, as suggested by Reynolds et al. 
(1993), we conducted a pilot test by means of personal inter-
views. The aims of this pilot test are 1) to detect errors in 
the questionnaire (i.e., double questions, ambiguous ques-
tions, and missing questions), and 2) to ensure the intended 
respondents understand correctly the formulation of state-
ments in the questionnaire.
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Seven participants took part in the pilot test. Five partici-
pants were village agents, working in the villages, and under-
standing the real state of affairs concerning IT diffusion 
among citizens in rural areas of West Java. One participant 
was the head of the Communication and Information Office 
of the West Java provincial government, who understands 
the rural smartness program that is being implemented in the 
province. Lastly, one participant was a research scholar, who 
gave the academic perspective on the research instrument. 
We administered the questionnaire by asking these pilot par-
ticipants to fill it in and provide their feedback. Based on this 
pilot test, the statements in the questionnaire were reviewed 
and modified appropriately. 36 lists all the statements of the 
final version of the questionnaire, whereas 37 presents the 
statements of the initial version of the questionnaire and its 
revisions based on the pilot test.

We distributed the final version of the self-administered 
questionnaire to the intended respondents by online means. 
First, to get responses from the village’s agents, we sent 
them a direct link to the online questionnaire. Second, to get 
responses from the village neighborhood heads, we embed-
ded the link of the questionnaire in the Sapawarga mobile 
application that was exclusively authorized for them.

We received 231 total responses from the village agents 
and the village’s neighborhood heads that we considered as 
valid responses. The invalid responses either had missing 
values or the completion time was less than 7 minutes. This 
minimum completion time was based on our internal test 
with representatives of village agents, the head of the ICT 
agency of West Java, and a few researchers. The fastest com-
pletion time from the test was just above 7 minutes and the 
longest completion time was about 10 minutes. Therefore, 
we concluded that the completion time of 7 minutes was 
the minimum amount of time needed for properly reading 
the questions and filling in the answers without any inter-
ruptions. We were aware that the respondents who manage 
to filled in the questionnaire within this 7 minutes threshold 
only have about 14 seconds for reading, understanding, and 
answering each question. Nevertheless, some of the respond-
ents were able to complete within the time frame due to 
their familiarity with the context of the questions since, as 
explained in the earlier part of this section, the respondents 
were part of the West Java Digital Village Program. We were 
not using outlier detection that is generally used for inclusion 
and exclusion of test results (Zijlstra et al., 2007) because the 
respondents can “pause and continue later” the questionnaire 
filling process. We recorded these “pause” times and found 
that these additional times led to a large variation of the 
completion times (standard deviation: 420), which makes 
the outlier method impossible to use.

There were several approaches discussed in the lit-
erature to detect the insufficient effort responding (IER) 
that threaten the data quality (Huang et al., 2011). These 

approaches are including: infrequency (e.g., evaluating items 
that would have the same responses from all individuals who 
understand the statement correctly), inconsistency (e.g., 
comparing the response on one item to the response on the 
other item), pattern (e.g., evaluating consecutive identical 
responses), and response time (e.g., evaluating responses 
that have short completion time). Among these methods, we 
preferred to use the response time as the exclusion criterion 
because, particularly for an online survey, this method effec-
tively detects the IER (Malhotra, 2008). The empirical study 
by Malhotra (2008) has shown that the quick completion 
time is mainly motivated to satisficing the survey, without 
paying sufficient attention to properly answering the ques-
tion, therefore leading to the low data quality.

Furthermore, since our unit of analysis is a village, 
we aggregated multiple responses coming from the same 
village, resulting in 179 distinct villages. We used the 
unweighted group mean technique for this aggregation, 
where the aggregated value is the unweighted average of the 
responses’ value. This approach is commonly used in behav-
ioral research when it is difficult to reach a consensus among 
the multiple responses, and when there are only minor dif-
ferences among the responses (Van Bruggen et al., 2002).

Data analysis

To empirically analyze the theoretical model, we employed 
the PLS-PM method on the collected data. There are several 
reasons why we consider the use of PLS-PM is relevant to 
validate our proposed theoretical model. First, PLS-PM has 
been used as the predominant method to evaluate structural 
equation models in the field of information systems (Benitez 
et al., 2020). Second, it has the ability to model both latent 
and emergent variables (Benitez et al., 2020; Henseler et al., 
2016). Third, in the case of a small sample size, PLS-PM 
has better accuracy in the estimation of path coefficients 
compared to other variance-based methods (Benitez et al., 
2020). Finally, PLS-PM has the capability to evaluate the 
overall fit of the model (Benitez et al., 2020). We follow the 
guidelines provided by Benitez et al. (2020) in performing 
and reporting the PLS-PM analysis.

Evaluation of the sample size

To estimate the minimum sample size of the target popula-
tion, we applied power analysis using Cohen’s power table. 
The following are the parameters that we used in the estima-
tion: predetermined effect size of 0.30 (medium), the statisti-
cal power of 0.8, and the significance level of 0.05. Based on 
these parameters, Cohen’s power table suggests a minimum 
sample size of 85. Considering the outcomes of this power 
analysis, our collected sample size of 179 is considered to 
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be adequate for detecting the desired effects, and therefore 
sufficient to perform a correct statistical analysis.

Estimation

We used ADANCO 2.1.1 professional for Windows to run 
the statistical analysis of the PLS-PM (Henseler & Dijkstra, 
2015), with the following settings:

– we used Mode A consistent for the reflective measure-
ment model since it ensures a consistent estimation for 
inter-construct correlations, path coefficients, and load-
ings (Dijkstra & Henseler, 2015).

– we used Mode A for the composite measurement model 
to ensure that the weight of indicators contributes propor-
tionally according to the correlations between the con-
struct scores and the indicators (Rigdon, 2012). Moreo-
ver, the statistical inference in the model was based on 
the bootstrap procedure, relying on 4999 bootstrap runs 
with a maximum number of 400 iterations.

Prior to running the statistical analysis of the PLS-PM, 
we defined a set of dominant indicators to ensure that the 
sign of the weights and the factor loading estimates reflect a 
positive correlation between the indicators and their respec-
tive variables (Benitez et al., 2020; Henseler & Schuberth, 
2020). Based on theoretical relevance, we chose internet 
access, the certainty of sustainable funding, the willing-
ness of rural citizens to utilize technology in their economic 
activities, connectedness, improved business collaboration, 
increase market access, and perceived income increase as 
the dominant indicators in the model.

Evaluation of the measurement model

The measurement model specifies the relations between a 
variable and its observed indicators (Henseler et al., 2016). 
There are two different forms of measurement models that 
are included in our theoretical model. First, the reflective 
measurement model, which assumes a causal relationship 
between indicators and their construct, which is referred to 
as the latent variable. Second, the composite measurement 
model, in which the indicators, do not cause, but are com-
bined to compose the construct, is referred to as the emer-
gent variable (Benitez et al., 2020). In our theoretical model, 

the reflective measurement model is applied to innovative-
ness, competitiveness, and perceived economic welfare, and 
the composite measurement model is applied to organiza-
tional readiness, environmental readiness, technological 
readiness and rural smartness.

Evaluation of overall fit of the saturated model

Prior to the assessment of the measurement model, we first 
evaluate the overall model fit of the saturated model. The 
saturated model refers to a model in which all constructs are 
allowed to be freely correlated. The purpose of this evalu-
ation is to assess the validity of the reflective and compos-
ite measurement models, thus help us avoid a model misfit 
caused by the misspecification of the measurement model 
(Benitez et al., 2020).

Table 3 presents three discrepancy metrics that measure 
the overall model fit, namely the standardized root mean 
squared residual (SRMR), the unweighted least squares 
discrepancy  (dULS), and the geodesic discrepancy  (dG). 
Although based on the individual discrepancy metrics 
mixed conclusions can be drawn, we still conclude that the 
saturated model has an acceptable overall model fit. There 
are two reasons for this conclusion. First, these discrepancy 
metrics were addressing the same subject (the difference 
between the empirical correlation matrix and the model-
implied correlation matrix), where two of the three metrics 
indicated a good model fit. Second, although according to 
 dULS the model did not meet the good fit criteria, the dif-
ference with the 99% quantile of their reference distribu-
tion  (HI99) is very small (below 0.01), which we consider 
sufficient for accepting the model. In the following steps, 
each variable in the reflective measurement model and in the 
composite model will be examined separately.

Assessment of the reflective measurement model

The purpose of assessing the reflective measurement model 
is to evaluate the relationship between latent variables and 
their observed indicators. In this assessment, we evaluated 
four measurements, namely, composite reliability, conver-
gent validity, indicator reliability, and discriminant validity.

Composite reliability, measured by ρA (Dijkstra & Hense-
ler, 2015), is the measurement that evaluates the correlation 
between a latent variable and its indicators. The value of 

Table 3  The overall fit of the 
saturated model

Discrepancy Overall saturated model fit evaluation

Value Threshold Conclusion

SRMR 0.0605 0.0800 Supported: SRMR < 0.0800
dULS 1.4858 HI95: 1.2115;  HI99: 1.4773 Not supported:  dULS >  HI99

dG 0.6375 HI95: 0.7087;  HI99: 0.7906 Supported:  dG <  HI95
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ρA of all latent variables shown in Table 4 were all above 
the threshold value of 0.707, implying more than 50% of 
the variance in the construct scores can be explained by 
the underlying latent variable (Benitez et al., 2020). These 
results lead to the conclusion that the latent variables in the 
model have adequate composite reliability.

Convergent validity, measured by the average variance 
extracted (AVE), refers to the degree to which the indicators 
that belong to a particular latent variable actually measure 
the same construct. The AVE of all latent variables shown 
in Table 4 were all above the threshold value of 0.5, indicat-
ing more than 50% of indicators’ variance is explained by 
the underlying latent variable (Benitez et al., 2020). Thus, 
the results show that the latent variables in the model have 
adequate convergent validity.

Indicator reliability, measured by the factor loading esti-
mate, evaluates whether indicators that measure a particular 
latent variable are reliable. Table 4 shows that the factor 
loading estimates of the indicators range from 0.7232 to 
0.8676, which is above the threshold of 0.707 (Benitez et al., 
2020). These results demonstrate that indicators of all latent 
variables in the model are reliable.

Discriminant validity evaluates whether two latent vari-
ables are statistically different. We used the heterotrait-to-
monotrait ratio of correlations (HTMT) (Henseler et al., 
2015) as the criteria to assess the discriminant validity. 
Table 5 shows the results of the HTMT criteria. As can be 
seen in the table, all HTMT values, except between competi-
tiveness and innovativeness, were below the recommended 
threshold of 0.85. However, although the HTMT between 
competitiveness and innovativeness is slightly higher than 
0.85, the  HTMTinference between the variables is smaller 
than one, implying that all correlations between the latent 
variables in the model have sufficient discriminant validity. 
Furthermore, results of the sufficient discriminant validity 
based on HTMT is supported by the assessment of cross-
loadings. The Cross-loading matrix provided in 38 shows the 

correlations of all indicators were strongest on their respec-
tive latent variable.

Assessment of the composite measurement model

The objective of assessing the composite measurement 
model is to evaluate the relationship between the emergent 
variables and their indicators. There are two evaluations 
that we conducted to evaluate the relationship between the 
emergent variable and its indicators. First, as presented in 
Table 6, we assessed the weight and the loading of the indi-
cator to evaluate its relative and absolute contribution to 
the variable. It can be seen from the table that all of the 
weights and loadings are statistically significant, and thus 
provide empirical evidence that each indicator contributes 
significantly to the respective emergent variable. Second, we 
assessed the cross-loadings for the indicators of the emer-
gent variables. Provided in 38, the cross-loading matrix 
shows that the correlations of all indicators were strongest 
on their respective emergent variable.

Evaluation of the structural model

The purpose of evaluating the structural model is to assess 
the relationship between all variables included in the 

Table 4  Reflective 
measurement model evaluation

Code Indicator ρA AVE Loading

Innovativeness (IN) 0.8416 0.6323
IN1 Improved business collaboration 0.7232
IN2 New value creation 0.8500
IN3 Increase in entrepreneurship 0.8071
Competitiveness (CO) 0.9000 0.7497
CO1 Increased market access 0.8778
CO2 Improved business productivity 0.8676
CO3 Improved business efficiency 0.8520
Perceived economic welfare benefits (PEW) 0.8181 0.6911
PEW1 Perceived income increase 0.8511
PEW2 Perceived increase in employment rate 0.8111

Table 5  HTMT criteria

Construct Innovativeness Competitiveness PEW

Innovativeness
Competitiveness HTMT: 0.8632

HTMTinference: 
0.9362

Perceived eco-
nomic welfare 
benefits

(PEW)

HTMT: 0.6827
HTMTinference: 

0.7973

HTMT: 0.7623
HTMTinference: 

0.8576
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theoretical model (Henseler et al., 2016). Measurements of 
the structural model consist of the overall fit of the esti-
mated model, the path coefficients between variables and 
their effect sizes, and the coefficient of determination R2 
(Benitez et al., 2020).

Evaluation of the overall fit of the estimated model

The main goal of measuring the overall fit of the estimated 
model is to obtain empirical evidence for the proposed 
hypotheses depicted in the theoretical model. The adequate 
overall model fit suggests that there is a high chance that 
the proposed hypotheses (Benitez et al., 2020) accurately 
describe real phenomena.

As can be seen from Table 7, the results show a consensus 
among the discrepancy metrics. The SRMR was below the 
suggested threshold of 0.08, the  dG was below the  HI95, and 
the  dULS was below the  HI99, indicating that the estimated 
model was not rejected (Benitez et al., 2020). These values 
provide empirical evidence that the proposed model is well 
suited for explaining the determinants and impacts of rural 
smartness.

Evaluation of path coefficients and their effect sizes

The path coefficients between variables in the model indicate 
the change in the dependent variable if the independent vari-
able is increased by one standard deviation while keeping 
all the other independent variables constant (Benitez et al., 

Table 6  Composite 
measurement model evaluation

***  p < 0.001, one-tailed test

Code Indicator Weight Loading

Technological readiness (TR)
TR1 Internet access 0.2212*** 0.7931***

TR2 Information technology services suitability 0.2618*** 0.8585***

TR3 Digital devices ownership penetration 0.2205*** 0.7852***

TR4 Electric reliability 0.2347*** 0.7481***

TR5 Adequacy of IT strategic guidelines 0.3034*** 0.8274***

Organizational readiness (OR)
OR1 Certainty of sustainable funding 0.2544*** 0.8540***

OR2 Organization capability 0.2589*** 0.8569***

OR3 Commitment from the government 0.3170*** 0.8629***

OR4 Collaboration 0.3324*** 0.8643***

Environmental readiness (ER)
ER1 Digital knowledge of rural citizens 0.1697*** 0.7018***

ER2 Willingness of rural citizens to utilize technology in their 
economic activities

0.1428*** 0.6269***

ER3 Purchasing power of rural citizens for IT services 0.1915*** 0.7389***

ER4 Entrepreneurial capability of rural citizens 0.1777*** 0.7288***

ER5 Supportive regulations and policies 0.2327*** 0.7618***

ER6 Citizens involvement 0.2243*** 0.8022***

ER7 Third-parties involvement 0.2192*** 0.7441***

Rural smartness (RS)
RS1 Connectedness 0.2817*** 0.8026***

RS2 Participatory governance 0.3254*** 0.8818***

RS3 Digitally empowered citizens 0.3054*** 0.8344***

RS4 Coherence of IT services provision 0.3120*** 0.7442***

Table 7  The overall fit of the 
estimated model

Discrepancy Overall saturated model fit evaluation

Value Threshold Conclusion

SRMR 0.0678 0.0800 Supported: SRMR < 0.0800
dULS 1.8687 HI95: 1.7578;  HI99: 2.3108 Supported:  dULS <  HI99

dG 0.6563 HI95: 0.7318;  HI99: 0.8135 Supported:  dG <  HI95
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2020). A path coefficient is considered significant when the 
p-value is below the pre-defined α level (Henseler et al., 
2016).

On the other hand, the effect sizes, measured by Cohen’s 
f2, quantify the magnitude of an effect of the independent 
variable to the dependent variable (Henseler et al., 2016). 
It compares the endogenous construct’s coefficient of deter-
mination if the effect is included in the model (R2

included) 
and the coefficient of determination if the effect is discarded 
from the model (R2

excluded) with the following formula f2 = 
(R2

included – R2
excluded) / (1 – R2

included) (Henseler, 2020). The 
values of f2 from 0.02 to 0.150, 0.150 to 0.350, and above 
0.350 can be regarded as weak, moderate, and strong effect 
sizes, respectively (Cohen, 1988). In practice, the change 
in the R2 values is calculated by estimating the path model 
twice. The first calculation includes the independent vari-
able (the effect), whereas the second calculation excludes 
the effect (Hair Jr et al., 2017).

Table 8 presents the results for path coefficients and effect 
sizes between variables in the model. As it can be seen from 
the results, there are mixed conclusions that can be drawn 
with respect to the proposed hypotheses. We found support 
for the following hypotheses: H1, H2, H3, H4, H6, H7, H9, 
and H11, while H5, H8, and H10 are not supported. Further 
interpretations of these findings will be discussed in The 
Discussion section.

Evaluation of R2

Table 9 presents the R2 values that indicate the share of vari-
ance in the dependent variable explained by this model. The 
conclusion that can be drawn from the R2 value is relative 
to the theoretical maturity of the phenomena that is being 
investigated. For the phenomena that are already quite well 
understood, relatively high R2 values are expected. How-
ever, for the phenomena that are less well understood or still 

in the emergence stadium, lower R2 values are still accept-
able (Benitez et al., 2020). To our knowledge, the empirical 
research addressing the causal relationship of the determi-
nants and impact of rural smartness is still in its infancy. 
Therefore, the R2 values in the model that are ranging from 
0.3021 to 0.7427 are considered to be satisfactory results.

Discussion

Major findings and interpretations

Finding 1: Organizational readiness has a strong posi-
tive effect on the other readiness factors (technological 
readiness and environmental readiness) and has a direct 
contribution to the realization of rural smartness.

Since organizational readiness refers to the readiness 
of the government, this finding provides solid empirical 
evidence that the government holds a critical role in the 
achievement of rural smartness. The government has to 
be the one that triggers the initiatives toward rural smart-
ness because the investments (e.g., internet connection, IT 
devices, and IT services) in rural areas are not economically 
attractive, or even affordable for the private sector (Jung 

Table 8  Results of path coefficients and effect sizes

***  p < 0.001; ** p < 0.01; * p < 0.05

Hypothesis Path Coefficient Hypothesis results Effect size  (f2)

Organizational readiness  → Technological smartness H1 0.5496*** Supported 0.4329 (strong)

Organizational readiness → Environmental readiness H2 0.5654*** Supported 0.4276 (strong)
Organizational readiness → Rural smartness H3 0.2479** Supported 0.0677 (weak)
Technological readiness → Environmental readiness H4 0.1920* Supported 0.0491 (weak)
Technological readiness → Rural smartness H5 -0.0118 Not supported 0.0002 (no effect)
Environmental readiness → Rural smartness H6 0.5627*** Supported 0.3734 (strong)
Rural smartness → Innovativeness H7 0.7950*** Supported 1.7135 (strong)
Rural smartness → Competitiveness H8 0.0496 Not supported 0.0035 (no effect)
Innovativeness → Competitiveness H9 0.8219*** Supported 0.9673 (strong)
Innovativeness → Perceived economic welfare improvement H10 0.0872 Not supported 0.0047 (no effect)
Competitiveness → Perceived economic welfare improvement H11 0.6877*** Supported 0.2934 (moderate)

Table 9  R2 values

Variable R2

Technological readiness 0.3021
Environmental readiness 0.4758
Rural smartness 0.5555
Innovativeness 0.6315
Competitiveness 0.7427
Perceived economic welfare improvement 0.5838
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et al., 2014; Mishbah et al., 2018; Wiggins & Proctor, 2001; 
Zavratnik et al., 2018).

In the West Java province Indonesia, where we conducted 
our survey, the regional government has been implement-
ing the Digital Village program. The main objective of 
the program is to improve the economic welfare of people 
living in rural areas through IT utilization. This program 
addresses technological and environmental readiness. As far 
as technological readiness is concerned, the regional govern-
ment provides IT infrastructure and necessary IT devices to 
facilitate rural citizens access to the internet. On the other 
hand, to ensure environmental readiness, the government 
organizes digital literacy education programs for rural citi-
zens and collaborates with the private sector to provide IT 
services in rural areas. However, although the effect sizes of 
the organizational readiness to the technological readiness 
and environmental readiness were strong, its direct effect 
size on rural smartness is considered to be weak. One of the 
possible reasons for this result is that because rural smart-
ness primarily relies on the connectedness among the rural 
business ecosystem stakeholders (environmental aspect) that 
are empowered by IT (technological aspect). Therefore, the 
primary role of the government is not per se to achieve rural 
smartness but to ensure the technological and environmental 
readiness that, in turn, will eventually lead to rural smart-
ness. This suggests, that the effect of organizational readi-
ness on rural smartness is rather indirect, and mediated by 
the other two readiness types.

Finding 2: Technological readiness contributes positively 
to environmental readiness but has no direct contribution 
to the realization of rural smartness.

This finding suggests that having all required techno-
logical elements in place does not necessarily guarantee 
the realization of rural smartness, or in other words, “a fool 
with a tool is still a fool”. In order for rural smartness to be 
realized, the environmental elements need to embrace the 
provided technological elements effectively.

Furthermore, although the positive correlation between 
technological readiness and environmental readiness has 
been found to be statistically significant, the effect size of the 
relationship is weak. There are two things that can be con-
cluded from these findings. First, it seems that in our sample, 
the usage of the provided technologies is not as expected. 
This argument is supported by the fact that from our survey 
results that the dominant usages of the provided IT services 
are social communications (e.g., social media and chat) 
and information access (i.e., internet browsing), mostly for 
entertainment purposes, not for the online activities that 
have economic benefits. Second, it is possible that there 
is another technology element not covered in the current 
model that can give positive contributions to environmental 

readiness. This technological element might concern specific 
IT services that facilitate cohesive collaboration between 
stakeholders involved in the rural business ecosystem. For 
example, an IT service platform that facilitates collaboration 
between local government and private companies to serve 
rural businesses with broader access to market and funding.

Finding 3: Environmental readiness mediates the effect 
of organizational readiness and technological readiness 
on rural smartness and has been found to be the strongest 
determinant of rural smartness.

This finding provides empirical support for the argu-
ment that the readiness of rural citizens, the involvement 
the third parties, and the supportive regulatory environment 
in embracing IT innovation in the rural business ecosystem 
are the most important elements needed for success in real-
izing rural smartness. This finding is also aligned with the 
quadruple helix model (Van Waart et al., 2016), in which has 
been theorized that the success of innovation in a region can 
only be achieved when there is a good synergy between the 
citizens, the third parties (i.e., industries and universities), 
and the government.

In the West Java province, the provincial government has 
been implementing several initiatives to ensure the readi-
ness of the environmental elements. The provincial govern-
ment has been running the “Patriot Desa” program, in which 
they employed individuals that work in the villages as the 
agent of change to increase the capability of rural citizens 
in embracing IT innovation. Furthermore, the government 
acts as a catalysator and has been collaborating with the 
private sectors to provide IT services for rural citizens under 
cooperation schemes that are beneficial for both parties. For 
example, both parties have collaborated for providing online 
commerce platforms to sell the local produce and IoT sys-
tems that help farmers optimize the use of their farming 
lands. Lastly, with respect to the regulatory aspect, the pro-
vincial government incorporates the Digital Village program 
as part of its strategic development plan to ensure continuous 
support for rural smartness initiatives.

Finding 4: Rural smartness has a strong positive effect 
on innovativeness but has no direct effect on competi-
tiveness. Its impact on competitiveness is mediated by 
innovativeness. Improvement in the competitiveness of 
the rural business ecosystem is expected to eventually 
improve the economic welfare of citizens in rural areas.

This finding is very relevant to the business environment 
in rural areas where small-medium enterprises (SMEs) 
are the main economic drivers (Arifin et al., 2020; Talbot, 
2016). Without the diffusion of technological innovation, 
these SMEs have limited access to markets, resources, and 



 I. Y. Mukti et al.

1 3

funding sources that limit their numbers and the creation 
of economic values (Eniola & Entebang, 2015; Muñoz & 
Kimmitt, 2019). As evidenced by this finding, rural areas 
that meet the characteristics of rural smartness are becoming 
fertile grounds for innovations, thus accelerating the creation 
of economic values and new rural businesses. Furthermore, 
this finding provides empirical evidence that improvement 
on the competitiveness in the rural business environment can 
only be achieved once there are sufficient numbers of rural 
business entities and economic offerings.

In West Java, the provincial government has been ini-
tiating the diffusion of rural smartness by introducing the 
Digital Village program. The Digital Village program, as 
indicated by the strong effect size from rural smartness to 
innovativeness, has been enabling rural communities to 
create new economic offerings and triggering them to start 
their business. Once the rural areas have sufficient economic 
offerings and rural businesses are established, as further 
indicated by the strong effect size from innovativeness to 
competitiveness, the Digital Village program enables the 
rural businesses to access a broader market, increase their 
productivity, and enable a resource-efficient production. 
However, although the correlation between competitive-
ness and the perceived economic welfare was statistically 
significant, the effect size was moderate. One of the possible 
reasons for this result is that the Digital Village program is 
still at an early stage, thus the significant economic impact 
is not yet visible. Another reason, as indicated by the R2 
value of the perceived economic welfare improvement (R2 
= 0.584), is that not all shares of variance in the variable 
were explained by the model. This result suggests that other 
factors could determine the economic welfare improvement 
of rural citizens, such as consumer demand, market competi-
tion, and macro-economic conditions (Porter, 2003).

Implications

Empirical validation of the proposed theoretical model has 
some clear practical and theoretical implications. From a 
practical perspective, the results suggest that the govern-
ment needs to ensure that the organizational readiness 
requirements implied by the model are being fulfilled. These 
requirements cover the certainty of funding for initiatives 
focusing on rural smartness, the capability to manage the 
provisioning and operation of IT services in rural areas, the 
commitment to support, and the ability to collaborate with 
the related stakeholders. Fulfilment of these elements turns 
out to be the key enabler for technological and environmen-
tal readiness, which in turn will lead to the realization of 
rural smartness. Furthermore, the results also suggest that 
having the required technology infrastructure in place does 
not guarantee success in realizing rural smartness. The 
most critical factor is the synergy among the environmental 

elements of rural smartness, namely, the citizens, the third 
parties (e.g., private companies), and the regulatory environ-
ment. In addition, the characteristics that have been found to 
be significant to achieve rural smartness (i.e., connectedness, 
participatory governance, digitally empowered citizens, and 
coherence of IT service provision), can be translated into 
the functional requirements for specific IT services aimed at 
accelerating the economic growth in rural areas.

On the other hand, from a theoretical perspective, the 
achievement of a good overall model fit suggests that the 
validated theoretical model can be used as a reference to 
study rural smartness. Academics can experiment with and 
refine the provided operationalization of the theoretical 
model with samples coming from other rural areas involved 
in similar initiatives, such as the villages from the Infor-
mation Network Village (INVIL) project in South Korea 
(Jung et al., 2014) or the Taobao villages in China (Lulu, 
2019). Such experiments can enrich the understanding of the 
underlying mechanisms leading to rural smartness. Moreo-
ver, since the operationalization of rural smartness as an 
emergent variable can be translated into a set of functional 
requirements for the design of an IT artefact, this paper can 
support future research that exploration of the link between 
empirical research and design science research in this field.

Conclusion

The current urbanization trend that causes serious stress and 
overload of the extant urban infrastructure has led to various 
urbanization problems, such as poverty, traffic congestion, 
energy crisis, and pollution. However, although urban smart-
ness initiatives have been implemented to mitigate these 
various urban problems, it is difficult to improve the quality 
of living in urban areas without, addressing the causes of 
this accelerated urbanization process. Since one of the major 
sources of urbanization is the rural-urban migration, mainly 
triggered by the wide economic gap between rural and urban 
areas, the smartness initiatives need to be extended to rural 
areas, in particular with the aim to narrow the economic gap 
and slow down the migration.

This paper proposes and validates empirically a theoreti-
cal model that explains the determinants and impacts of rural 
smartness on the economic welfare of rural citizens. The 
sample to validate the model originates from the West Java 
province, Indonesia. Our analysis of the collected data using 
PLS-PM led to the following findings and recommendations:

1. The government, as the organisational entity responsible 
for the initiatives toward rural smartness, is found to 
be a strong determinant for the other readiness factors 
(technological readiness and environmental readiness) 
and has a direct positive contribution toward the reali-
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sation of rural smartness. This finding suggests that in 
order to realise rural smartness, the government needs 
to ensure the certainty of funding for initiatives toward 
rural smartness, the capability to manage the provision 
and operation of IT services in rural areas, the commit-
ment to support, and the ability to collaborate with the 
related stakeholders.

2. Technological readiness is found to have no direct corre-
lation with rural smartness. However, but has a positive 
effect on environmental readiness which is the strongest 
determinant of rural smartness. This finding implies that 
having the required technological elements in place is 
not a guarantee for the realisation of rural smartness. 
In order for rural smartness to be realised, the adop-
tion, diffusion and use of the provided technological 
elements throughout the rural ecosystem have to be 
effective. Therefore, as the strong determinant of envi-
ronmental readiness, the government needs to ensure the 
business rural ecosystem is ready to embrace the initia-
tives toward rural smartness. This assumes the abilities 
of rural citizens (digital knowledge, willingness to use, 
purchasing power, and active involvement), the involve-
ment of the third parties, and the supported regulatory 
environment.

3. Rural smartness is found to have a strong positive effect 
on innovativeness which in turn improves the competi-
tiveness of the rural business ecosystem. Improvement 
of the competitiveness of the rural business ecosystem, 
in the end, is expected to improve the economic wel-
fare of citizens in rural areas. Accordingly, to acceler-
ate the realisation of rural smartness, its characteristics 
can be translated into the functional requirements for IT 
services to be developed, implemented and offered for 
consumption to the rural business ecosystem.

Finally, our work has several limitations that suggest 
some avenues for future research. First, our data is cross-
sectional, implying that we cannot analyze the longitudinal 
process, such as analyzing the impact of rural smartness on 
the actual improvement of rural citizens’ economic welfare 
over a certain period. Accordingly, it is advisable for future 
research to conduct longitudinal measurements to test the 
theoretical model.

Second, our validation of the theoretical model only 
used the sample from one region. Although the empirical 
results of the model validation are very likely to hold for 
other rural areas that have similar settings, having just one 
sample might be a threat to the generalizability claim of our 
findings. Therefore, to strengthen the generalizability, future 
research is recommended to test the theoretical model with 
a sample chosen from a combination of different regions or 
countries, especially the ones involve in similar initiatives, 
such as the villages from the Information Network Village 

(INVIL) project in South Korea (Jung et al., 2014) or the 
Taobao villages in China (Lulu, 2019).

Third, the empirical results found that the effect size 
of technological readiness on environmental readiness is 
weak. However, theoretically, technological readiness has 
an important role in empowering stakeholders of the rural 
business ecosystem to realize rural smartness. This find-
ing thus leaves room for future research to explore other 
technological elements that could have a significant positive 
contribution to environmental readiness.

Fourth, we only evaluated unidirectional relationships 
among the variables in the theoretical model. This is due to 
the following reasons:

1. The validity of the test on bidirectional relations with 
the cross-sectional data is questionable due to the time 
factor. The basic argument is that the bidirectional rela-
tionships, if they exist, should not be observed at the 
same time, especially when the time-lag between the 
cause and effect is significantly different (Wong & Law, 
1999). Since the nature of the cause and effect of the 
hypotheses in our model is not simultaneous, testing 
bidirectional relations with the cross-sectional data that 
we have is not preferable.

2. To evaluate bi-directional relationships within the struc-
tural model, the exogenous variables that predict the 
endogenous variables, referred to as instrumental vari-
ables, are required (Finch & French, 2015; Wong & Law, 
1999). However, we did not collect data on the potential 
instrumental variables, thus testing the bi-directional 
relationships is not possible.

However, on the one hand between technological readi-
ness and environmental readiness, and on the other hand 
between innovativeness and competitiveness, bidirectional 
relationships might occur. For the former, over time, the 
improvement of environmental readiness (for example, 
an improvement on the digital readiness and the purchas-
ing power of rural citizens) would attract third parties to 
provide specialized IT services for rural areas. In this way, 
environmental readiness could also have a positive effect 
on technological readiness. For the latter, over time, the 
improvement in business efficiency (as an indicator of com-
petitiveness) could lead to a better ability in creating new 
economic values (as an indicator of innovativeness); thus, 
the competitiveness could also have a positive effect on the 
innovativeness. Therefore, future research may investigate 
such possible bi-directional relationships by means of a lon-
gitudinal study and collect data for the required instrumental 
variables.
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Appendix 1

Table 10

Table 10  Final questionnaire statements

Code Indicator Definition Statement

Technological readiness (TR)
TR1 Internet access Level of internet access in the rural area. Proper internet access already established in the rural 

areas
TR2 Information technology 

services suitability
Level of IT service suitability with the situa-

tion and needs in the rural area.
The provided IT services is suitable for the needs and 

situation in the rural areas
TR3 Digital devices ownership 

penetration
Penetration level of devices owned by rural 

citizens to access the IT service.
The citizens in rural areas already have digital devices 

to access the provided IT services
TR4 Electric reliability Level of electric reliability in the rural area. Electricity in the rural areas is reliable to access the 

provided IT services
TR5 Adequacy of IT strategic 

guidelines
The level of adequacy of strategic guidelines 

for the provision of IT services in the rural 
area.

1. Programs from the provincial government in the 
provision of IT services in rural areas have been 
defined.

2. Programs from the provincial government to 
inform citizens about the utilization of IT services 
in rural areas have been defined.

Organizational readiness (OR)
OR1 Certainty of sustainable 

funding
Level of certainty of sustainable funding for 

the provision of IT infrastructure and ser-
vices in rural areas

The provincial government has a strong funding com-
mitment for the provision of IT infrastructure and 
service in rural areas

OR2 IT capability Level of capability of the government in 
managing IT services provision in rural areas

The provincial government is competent in managing 
the IT services provision in rural areas.

OR3 Commitment to support Level of commitment of the government in 
supporting the utilisation of IT services in 
rural areas

1. The provincial government has a strong commit-
ment to supporting the utilization of IT services in 
rural areas.

2. The village government has a strong commitment 
to supporting the utilization of IT services in rural 
areas.

OR4 Collaboration Level of collaboration of the government in 
the initiatives toward rural smartness

1. The provincial government is able to collabo-
rate with the citizens to facilitate the usage of IT 
services

2. The provincial government is able to collaborate 
with the other government institutions to facilitate 
the provisioning of IT services in rural areas

3. The provincial government is able to collaborate 
with third parties (e.g., companies, startups, educa-
tional institutions, financial institutions, and media) 
to facilitate the provisioning of IT services in rural 
areas

Environmental readiness (ER)
ER1 Digital knowledge of rural 

citizens
Level of digital knowledge of rural citizens Citizens in rural areas are capable of using the pro-

vided IT services
ER2 Willingness of rural citizens 

to utilise technology in 
their economic activities

Willingness level of rural citizens to utilize IT 
services in their economic activities

Rural citizens are willing to utilise IT services for 
their economic activities

ER3 Purchasing power of rural 
citizens for IT services

Level of purchasing power of rural citizens for 
IT services

Rural citizens have sufficient financial means to 
utilise the provided IT services.

ER4 Entrepreneurial capability of 
rural citizens

Level of the entrepreneurial capability of rural 
citizens

The rural citizens have good entrepreneurial capabili-
ties

ER5 Supportive regulations and 
policies

Level of supported regulations and policies 
for the utilization of IT services in the rural 
economic activities

The existing regulatory framework and policies 
encourage the utilization of IT services for business 
activities of citizens in rural areas
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Table 10  (continued)

Code Indicator Definition Statement

ER6 Citizens involvement Level of involvement of rural citizens in the 
provision of IT services and related policy

The rural citizens are involved in the development of 
the IT services that are intended to be used for their 
activities

ER7 Third-parties involvement Level of third-parties involvement for the IT 
services provision in rural areas

The third parties (e.g., companies, start-ups, educa-
tional institutions, financial institutions, and media) 
are involved to a large extent in the provisioning of 
IT services in rural areas

Rural smartness (RS)
RS1 Connectedness Level of connectedness between stakeholders 

in rural areas that enabled by IT infrastruc-
tures and services

Stakeholders in the rural areas are able to exchange 
information effectively through the usage of IT 
services

RS2 Participatory Governance Level of stakeholders' participation in the 
initiatives to improve the welfare of citizens 
in rural areas, that is enabled by availability 
and usage of IT services

Rural citizens are able to participate effectively in the 
initiatives to improve their welfare due to the avail-
ability and usage of IT services

Third parties are able to participate effectively in the 
initiatives to improve the welfare of citizens in rural 
areas due to the availability and usage of IT services

RS3 Digitally empowered 
citizens

Level of citizens creative and innovation abil-
ity empowered by IT services

1. Citizens in rural areas able to access broader posi-
tive information through IT services

2. Citizens in rural areas have better abilities in creat-
ing products/services that bring economic benefit by 
using IT services

RS4 Coherence of IT services 
provision

Level of strategy and implementation align-
ment of the provision of IT services in rural 
areas

There is a clear strategy from the provincial govern-
ment in the provision of IT services in rural areas

Innovativeness (IN)
IN1 Improved business col-

laboration
Level of increase in innovation through col-

laboration between stakeholders in the rural 
business ecosystem that is empowered by IT 
services

The provided IT services effectively facilitate innova-
tion through collaboration between stakeholders in 
the rural business ecosystem

IN2 New value creation Level of increase in the creation of new prod-
ucts or services empowered by IT services

The provided IT services make possible the creation 
of new products or services

IN3 Increase in entrepreneurship Level of increase in the creation of the new 
business entity empowered by IT services

The provided IT services contribute to the growth of 
the number and variety of new business entities.

Competitiveness (CO)
CO1 Increased market access Level of increase in access by business entities 

in rural areas to a broader market through the 
utilization of IT services

The provided IT services effectively increase the 
access for business entities to a broader market

CO2 Improved business produc-
tivity

Level of increase in products/services that 
are produced/delivered by business entities 
in rural areas through the utilization of IT 
services

The provided IT services contribute to the growth of 
the volume of the products/services delivered by 
business entities in rural areas

CO3 Improved business efficiency Level of improvement in the efficiency of 
resources utilized by business entities in 
rural areas in providing their products/ser-
vices

The provided IT services improve the utilization, 
sharing, and distribution of resources by business 
entities in rural areas

Perceived economic welfare benefits (PEW)
PEW1 Perceived income increase Level of increase in the income of citizens 

in rural areas through the utilization of IT 
services

IT services enable citizens in rural areas to increase 
their income

PEW2 Perceived increase in the 
employment rate

Level of increase in the number of people 
being employed by business entities in rural 
areas

IT services lead to an increase of employment in rural 
areas



 I. Y. Mukti et al.

1 3

Appendix 2

Table 11

Table 11  Initial questionnaire statements and its revision based on pilot test

Code Indicator Statement Statement’s revision

TR1 Internet access Proper internet access already established in the 
rural areas

N/A

TR2 Information technology 
services suitability

The provided IT services is suitable for the needs 
and situation in the rural areas

N/A

TR3 Digital devices ownership 
penetration

The citizens in rural areas already have digital 
devices to access the provided IT services

N/A

TR4 Electric reliability Electricity in the rural areas is reliable to access 
the provided IT services

N/A

TR5 Adequacy of IT strategic 
guidelines

• IT provisioning strategies in rural areas have 
been defined.

• Programs to inform citizens about the utilization 
of IT services in rural areas have been defined

• Programs from the provincial government in the 
provision of IT services in rural areas have been 
defined.

• Programs from the provincial government to 
inform citizens about the utilization of IT ser-
vices in rural areas have been defined.

OR1 Certainty of sustainable 
funding

Funding for the provision of IT infrastructure and 
service in rural areas has been secured

The provincial government has a strong funding 
commitment for the provision of IT infrastruc-
ture and service in rural areas

OR2 IT capability The provincial government is competent in manag-
ing the IT services provision in rural areas.

N/A

OR3 Commitment to support • The provincial government has a strong commit-
ment to supporting the utilization of IT services 
in rural areas.

• The provincial government has a strong com-
mitment to supporting the utilization of IT 
services in rural areas.

• The village government has a strong commit-
ment to supporting the utilization of IT services 
in rural areas.

OR4 Collaboration • The provincial government is able to collaborate 
with the citizens to facilitate the usage of IT 
services

• The provincial government is able to collaborate 
with third parties (e.g., companies, startups, 
educational institutions, financial institutions, 
and media) to facilitate the provisioning of IT 
services in rural areas

• The provincial government is able to collabo-
rate with the citizens to facilitate the usage of 
IT services

• The provincial government is able to collabo-
rate with the other government institutions to 
facilitate the provisioning of IT services in rural 
areas

• The provincial government is able to collabo-
rate with third parties (e.g., companies, startups, 
educational institutions, financial institutions, 
and media) to facilitate the provisioning of IT 
services in rural areas

ER1 Digital knowledge of rural 
citizens

Citizens in rural areas are capable of using the 
provided IT services

N/A

ER2 Willingness of rural citizens 
to utilise technology in 
their economic activities

Rural citizens are willing to utilise IT services for 
their economic activities

N/A

ER3 Purchasing power of rural 
citizens for IT services

Rural citizens have sufficient financial means to 
utilise the provided IT services.

N/A

ER4 Entrepreneurial capability of 
rural citizens

The rural citizens have good entrepreneurial 
capabilities

N/A

ER5 Supportive regulations and 
policies

The existing regulatory framework and policies 
encourage the utilisation of IT services for busi-
ness activities of citizens in rural areas

N/A

ER6 Citizens involvement The rural citizens are involved in the development 
of the IT services that are intended to be used for 
their activities

N/A



Rural smartness: Its determinants and impacts on rural economic welfare  

1 3

Table 11  (continued)

Code Indicator Statement Statement’s revision

ER7 Third-parties involvement The third parties (e.g., companies, start-ups, 
educational institutions, financial institutions, 
and media) are involved to a large extent in the 
provisioning of IT services in rural areas

N/A

RS1 Connectedness Stakeholders in the rural areas are able to exchange 
information effectively through the usage of IT 
services

N/A

RS2 Participatory governance • Rural citizens are able to participate effectively 
in the initiatives to improve their welfare due to 
the availability and usage of IT services

• Third parties are able to participate effectively in 
the initiatives to improve the welfare of citizens 
in rural areas due to the availability and usage of 
IT services

N/A

RS3 Digitally empowered 
citizens

• Citizens in rural areas are empowered through IT 
services

• Through the use of IT services, citizens in rural 
areas have better abilities in creating products/
services that bring economic benefit

• Citizens in rural areas able to access broader 
positive information through IT services

• Citizens in rural areas have better abilities in 
creating products/services that bring economic 
benefit by using IT services

RS4 Coherence of IT services 
provision

There is clear management of the IT services 
provisioning in rural areas

There is a clear strategy from the provincial 
government in the provision of IT services in 
rural areas

IN1 Improved business col-
laboration

The provided IT services effectively facilitate inno-
vation through collaboration between stakehold-
ers in the rural business ecosystem

N/A

IN2 New value creation The provided IT services make possible the crea-
tion of new products or services

N/A

IN3 Increase in entrepreneurship The provided IT services contribute to the growth 
of the number and variety of new business enti-
ties.

N/A

CO1 Increased market access The provided IT services effectively increase the 
access for business entities to a broader market

N/A

CO2 Improved business produc-
tivity

The provided IT services contribute to the growth 
of the volume of the products/services delivered 
by business entities in rural areas

N/A

CO3 Improved business efficiency The provided IT services improve the utilization, 
sharing, and distribution of resources by business 
entities in rural areas

N/A

PEW1 Perceived income increase IT services enable citizens in rural areas to 
increase their income

N/A

PEW2 Perceived increase in the 
employment rate

IT services lead to an increase in employment in 
rural areas

N/A
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Appendix 3

Table 12

Table 12  Cross-loadings matrix Indicator TR OR ER RS IN CO PEW

TR1 0.7931 0.4167 0.3333 0.2758 0.2351 0.1804 0.1115
TR2 0.8585 0.4338 0.4154 0.3807 0.3200 0.2392 0.2564
TR3 0.7852 0.3767 0.3832 0.2643 0.3164 0.2694 0.2180
TR4 0.7481 0.4366 0.3937 0.2508 0.2930 0.2984 0.1808
TR5 0.8274 0.5219 0.4724 0.4267 0.3655 0.2369 0.1624
OR1 0.4394 0.8540 0.4952 0.4347 0.4223 0.4137 0.2599
OR2 0.4303 0.8569 0.4919 0.4699 0.4310 0.4268 0.3156
OR3 0.5089 0.8629 0.5953 0.5993 0.4836 0.4614 0.3473
OR4 0.4967 0.8643 0.6884 0.5918 0.5713 0.5142 0.4350
ER1 0.3974 0.4357 0.7018 0.3851 0.4019 0.4567 0.3423
ER2 0.2191 0.3760 0.6269 0.3957 0.4440 0.4509 0.2433
ER3 0.4148 0.4287 0.7389 0.5161 0.4182 0.3731 0.3436
ER4 0.2701 0.3962 0.7288 0.5602 0.5341 0.5229 0.5064
ER5 0.4878 0.5565 0.7618 0.6057 0.5352 0.4997 0.3896
ER6 0.3941 0.5863 0.8022 0.5904 0.5329 0.4588 0.3706
ER7 0.3406 0.5919 0.7441 0.5905 0.5401 0.4756 0.4196
RS1 0.3255 0.4538 0.5467 0.8026 0.5766 0.5385 0.4542
RS2 0.3537 0.5230 0.6675 0.8818 0.6668 0.5955 0.4804
RS3 0.2820 0.4735 0.5821 0.8344 0.6611 0.6212 0.5439
RS4 0.3668 0.5652 0.5583 0.7442 0.6839 0.5370 0.5150
IN1 0.4261 0.5180 0.6019 0.6114 0.7232 0.5926 0.4810
IN2 0.2568 0.4545 0.5004 0.6709 0.8500 0.7457 0.5653
IN3 0.2531 0.3787 0.5063 0.6133 0.8071 0.7079 0.5707
CO1 0.2195 0.4674 0.5370 0.5996 0.7315 0.8778 0.7174
CO2 0.2786 0.4938 0.5611 0.6380 0.7567 0.8676 0.6189
CO3 0.2923 0.4225 0.5378 0.5875 0.7493 0.8520 0.6444
PEW1 0.1749 0.3292 0.4183 0.5287 0.5584 0.6658 0.8511
PEW2 0.2111 0.3405 0.4377 0.4866 0.5720 0.6013 0.8111
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