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Abstract: From the perspective of sustainable development and based on literature review, this paper
introduces modified Delphi and Decision Making and Trial Evaluation Laboratory (DEMATEL) to
explore the critical factors of sustainable development in rural areas and their correlation. Through
literature review and modified Delphi analysis, nine key factors of rural sustainable development are
first identified, namely industrial activation, working environment, living conditions, infrastructure,
public involvement, rural culture, government-related departments, educational resources, and health
and welfare. DEMATEL is then adopted to determine the classification of the aforementioned factors,
in which four (government-related departments, public involvement, infrastructure, and educational
resources) are classified in the cause group and five (health and welfare, living conditions, rural
culture, working environment, and industrial activation) are classified in the effect group. According
to the centrality and relation of these factors, the causal network diagram is finally drawn before
making practical suggestions based on the overall results, with a view to providing a reference for
decision-makers in their follow-up rural sustainable development planning.

Keywords: rural sustainable development; modified Delphi; Decision Making and Trial Evaluation
Laboratory (DEMATEL); causal network diagram

1. Introduction

In their quest for sustained economic and technological growth and breakthroughs,
countries are facing challenges such as the depletion of natural resources, destruction of the
natural environment, and poverty resulting from the unequal distribution of wealth [1,2].
The concept of sustainable development (SD) has been put forward in the context of
excessive consumption of natural resources and degradation of the living environment, but
a surging global population [1,3,4].

The concept of SD dates back to the United Nations Conference on the Human Envi-
ronment (UNCHE) held in Stockholm, Sweden, in 1972. In 1980, in the World Conservation
Strategy, jointly published by the International Union for Conversation of Nature and
Natural Resources (IUCN), the United Nations Environment Programme (UNEP) and the
World Wide Fund for Nature (WWF), concepts such as sustainability and conservation
were incorporated into the development process, marking the official emergence of the
term “sustainability”. The World Commission on Environment and Development (WCED)
was founded in 1983 and concisely defined SD at the Brundtland Commission in 1987 as
“the development that meets the needs of the present generation without compromising
the ability of future generations to meet their own needs. It is the advocacy of standards of
consumption within the ecologically possible range and of all possible ranges of consump-
tion and standards to which all people can reasonably aspire. In this regard, sustainable

Agriculture 2022, 12, 252. https://doi.org/10.3390/agriculture12020252 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture12020252
https://doi.org/10.3390/agriculture12020252
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0002-0727-0164
https://orcid.org/0000-0002-9174-8377
https://doi.org/10.3390/agriculture12020252
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture12020252?type=check_update&version=1


Agriculture 2022, 12, 252 2 of 14

development in the narrow sense means social equity between generations, provided with
a reasonable extension of equity within each generation” [1,5]. At the Earth Summit held
in Rio de Janeiro, Brazil in 1992, the United Nations Conference on Environment and
Development (UNCED) expressed its support for SD and issued the Rio Declaration to
promote the global SD together with Agenda 21. Apart from strategies aimed at continuing
to provide adequate natural resources and living environment for future generations by
preventing further destruction of the Earth’s environment, it was emphasized that SD was
not only an option but also a requirement to be accepted [2]. Since then, the concept and
connotation of SD have been introduced into multiple research fields as well as being a hot
topic in itself [6–9].

Given the role of agriculture and rural development in human existence, habitation,
and civilization, as well as the impacts of urbanization, population ageing and migration,
global shift in production, the rise of emerging economies, climate change, poverty, malnu-
trition and poor quality of life on rural areas, the sustainable development of agriculture
and rural areas is receiving extensive concern [10–12]. Also, in their 2019 report, the Or-
ganisation for Economic Co-operation and Development (OECD) and the International
Food Policy Research Institute (IFPRI) noted that rural populations accounted for 45%
of the world’s population and 70% of extreme poverty, implying the enormous poverty,
malnutrition, and poor living conditions experienced by rural populations. In alleviating
these difficulties and crises, rural revitalization and redevelopment is the main path to
addressing climate change and achieving the sustainable development goals (SDGs) [10,13].
Take Taiwan as an example: rural areas in Taiwan are facing various impacts, such as the
decreasing of agricultural output value and rural exodus, due to industrialization and
globalization. The government of Taiwan also put lots of effort and resources to impetus
rural SD for improving aspects of the economy, environment, resilience, and living condi-
tions of rural areas. These impetuses for improving aspects also match SDGs of industry,
innovation and infrastructure, responsible consumption and production, life on land, and
sustainable cities and communities.

Hence, based on the Triple Bottom Line model of SD, i.e., environment, economy,
and society, a large number of studies have been carried out to explore and provide
corresponding suggestions on rural SD issues. At the environmental level, there is an
assessment of rural SD environmental indicators, a discussion of the relationship between
environmental quality and rural SD, and an analysis of rural SD environmental service
strategies [14,15]. At the economic level, there is an exploration of the conditions and
factors for the sustainable economic development of rural areas, as well as a study of
rural SD from the perspectives of tourism, eco-economy, and economic-appraisals [16,17].
At the social level, there is a discussion on the social sustainability of the agricultural
system, as well as an exploration of rural SD from the perspectives of social farming
and social innovation [18,19]. In addition to the Triple Bottom Line model, some studies
have analyzed the top-down and bottom-up implementation mechanisms and outcomes of
government agencies for rural SD from the perspective of government and policy [11,20–24].
Other topics include the impact of modernization on rural SD [25,26], the application of
Information and Communications Technology (ICT) in rural SD [27], networking in rural
SD [28–30], and land use in rural SD [31–33].

In view of the extensive connotation of rural SD [34–36], some suggestions on the
practice of SD in rural areas have been made by studying the construction of rural SD
indicators, and the follow-up formulation direction of SD policies and strategies in rural
areas has been put forward according to the indicators or measurement results [35,37–40].

Nevertheless, due to the increasing influence factors of rural SD and limited funding
and manpower, the difficulty of addressing new challenges while immediately improving
current rural SD deficiencies should not be underestimated. For this reason, in order
to avoid confusion in policy and strategy formulation, this is required to establish an
understanding of the relationships and priorities of rural SD factors in advance. However,
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most of the current rural SD studies have not proposed methods to systematically analyze
the factors of rural SD or to identify the relationships and priorities among these factors.

In this regard, this study aims to propose a method of Hybrid Multiple Criteria
Decision-making (HMCDM) to explore and analyze the main factors of rural SD and their
causal correlation in Taiwan. Furthermore, the study demonstrates the causal network
diagram based on analysis results. This will not only help government agencies formulate
a rural SD strategy under limited resources but is also expected to expand the field of vision
and scope of rural SD and HMCDM research while making up for the shortcomings of
current rural SD research [6,41].

2. Materials and Methods
2.1. Proposed Research Framework

As a multifaceted concept, rural SD combines the complexity and uncertainty of sus-
tainability issues, implying the difficulty of exploring and evaluating it [34–36]. In this
study, a two-phase research framework is established by drawing on Kumar et al. [42]
and Singh and Sarkar [43] to introduce modified Delphi and DEMATEL. In the first phase,
when modified Delphi is adopted, relevant literature is firstly reviewed to summarize
factors affecting rural SD. Through a literature review based on the research topic, 10 rural
SD factors are summarized, namely, industrial activation, working environment, living
conditions, infrastructure, public involvement, local culture, government-related depart-
ments, transportation, educational resources, and health and welfare. Their aspect of SD
and definitions are shown in Table 1 [3,35,36,39].

Table 1. Summary of Factors of Rural Sustainable Development.

Aspect Factors Definitions

Economy Industrial activation
Develop and promote rural specific industries, products and production activities derived
from other agricultural resources, and promote local production and consumption while

enhancing communication with other regions.

Economy Working environment
Develop and promote agricultural technology progress and improve farmers’ employment

and the rights and protection of occupational disasters, so as to attract young people to
return home and start agricultural business.

Environment Living conditions
Encourage rural organizations to formulate conventions on administrative and development,

and continuously plan for house renovation and overall environmental improvement
and maintenance.

Environment Infrastructure
Update and maintain infrastructure related to energy supply, water supply, drainage,

lighting, communications and waste resource recovery, as well as disaster prevention and
rescue in rural areas.

Society Public involvement
Support local organizations and activity centres related to rural development and encourage

public involvement in rural celebrations and regular events to promote development
awareness and cohesion in rural areas.

Society Local culture
Preserve and maintain unique historical and cultural attractions, skills and traditional

celebrations in rural areas, and promote environmental and cultural heritage in conjunction
with local cultural and creative industries.

Society Government-related
departments

Maintain a clear and smooth liaison and communication process with central and local rural
departments to obtain timely responses, support, and solutions to rural development issues.

Environment Transportation Establish convenient and developed road and rail stations and routes, and develop viable
rural tourist routes.

Society Educational resources
Establish adult and early childhood education and childcare centres in rural areas, and

develop and expand agricultural extension education through ongoing collaboration with
industry, government, and academia.

Society Health and welfare Carry out planning of medical, health and maintenance facilities, equipment and manpower
in rural areas to expand the social and medical security and well-being of farmers.

Data source: Collated by the author.
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After summarizing 10 rural SD factors through a literature review, an expert panel
of 12 experts and scholars familiar with the topic was formed, which included 6 offi-
cers from 3 gold medal competition rural communities, 4 officers from 2 rural commu-
nities of government rural rejuvenation project, 2 retaining young farmers, and 2 pro-
fessors who had executed rural rejuvenation project. Two questionnaires with Likert
Scale were designed for modified Delphi and DEMATEL analysis. In modified Delphi,
a 7-point scale evaluated the importance of 10 rural SD factors (1 = low importance,
4 = medium importance, and 7 = high importance). In DEMATEL, an 8-point scale
evaluated the influence of 10 rural SD factors (0 = no influence, 1 = low influence, and
7 = high influence). The modified Delphi questionnaire was distributed and collected to
analyze expert opinions until a consensus was reached, and the key factors for rural SD
were finally identified based on the analysis results.

In the second phase, when DEMATEL was implemented, the questionnaire was
designed according to the key rural SD factors identified in the first phase and distributed
to experts. After the questionnaire was collected, the panel opinions were summarized
and the initial direct relation matrix (A), normalized direct relation matrix (D), total impact
relation matrix (T), and threshold value (α) were calculated in sequence. The centrality and
relation of factors was finally calculated to plot causality. The research framework of the
study is shown in Figure 1.
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2.2. Modified Delphi Technique

Developed in the 1950s by Dalkey and Helmer of the Research and Development
(RAND) Corporation, the Delphi Method was first applied to military forecasting. In case
of a difficult and complex problem in the context of uncertain information and knowledge,
the knowledge and opinions of groups of experts, scholars, and others was pooled to build
consensus for the analysis, prediction, and evaluation of solutions and for the planning of
future policies [44,45]. The Delphi Method has been introduced into many fields of research
due to its advantages of anonymous feedback, repeatability, freedom from geographical
distance, group consensus, and quantification [44,46,47].

Modified Delphi is adopted in this paper. With a similar connotation to the Delphi
Method, modified Delphi distinguishes itself by changing its open-ended questionnaire in
the first round to the development of a semi-structured or structured questionnaire based
on literature review or expert interviews. This shortens the study time while alleviating
the Delphi Method’s drawbacks, such as long time of measurement, difficulty in tracking
progress, and inconsistent expert opinions [48–50].

Modified Delphi basically consists of the following five steps:
Step 1. Set goals and needs and design the questionnaire: Set research objectives and

requirements, collect and sort the required data through literature review according to the
research topic, and design the questionnaire with the Likert Scale.

Step 2. Form a panel of experts: Form a panel of experts by identifying and contacting
experts and scholars familiar with the research topic, and establish as much understanding
of the topic as possible through a detailed explanation to ensure follow-up implementation.

Step 3. Distribute and collect the questionnaire: Distribute the questionnaire de-
signed according to research objectives and needs and literature review to the experts
for investigation.

Step 4. Summarize and analyze expert opinions: Collect expert opinions based on the
returned questionnaires for quantitative analysis, and seek expert responses, supplements
or amendments.

Step 5. Confirm the consistency of experts’ questionnaires: Put together the experts’
opinions to confirm whether a consensus is reached. Modified Delphi will be considered
completed in case there is a consensus; otherwise, the questionnaire is revised accord-
ing to expert responses or corrections before repeating Step 3 and 4 to form a consensus.
Determine if a consensus has been reached based on quartile deviation and average differ-
ence [49–51].

2.3. Decision Making and Trial Evaluation Laboratory (DEMATEL)

To find solutions to complex and difficult problems, such as race, hunger, environ-
ment, and energy, the Battelle Memorial Institute Geneva developed DEMATE between
1972 and 1976 to run the Science and Human Affairs Program [52–55]. According to the
characteristics of objective things or problems, DEMATEL verifies the causality among
factors, attributes, variables, and criteria, and establishes a network relationship map
(NRM) based on the knowledge and judgment of experts and scholars in a hierarchical
structure. Unknown and complex causal links are thus clarified to facilitate the reflection
and development of response plans and strategies [56–60].

DEMATEL runs in the following five steps:
Step 1. Define factors and evaluation scales: Define factors through literature review,

brainstorming, or expert opinion collection. Experts and scholars determine the degree of
correlation between factors and usually mark them on a scale of 0 to 4, with 0 representing
no impact, 1 representing very low impact, 2 representing low impact, 3 representing high
impact, and 4 representing very high impact.

Step 2. Calculate the initial direct relation matrix (A): After defining the correlation
and impact degree among factors, experts and scholars will conduct comparisons between
them, such as between factor i (i = 1, 2, . . . n) and factor j (j = 1, 2, . . . n), and produces n. The
nonnegative matrix of size n ak = ak

ij, where 1 ≤ k ≤ H. The initial direct relation matrix
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(A) is calculated by summing and averaging the matrix results H judged by experts and
scholars, as shown in Equation (1):

A =
1
H



a11 · · · a1j · · · a1n
...

...
...

ai1 · · · aij · · · ain
...

...
...

an1 · · · anj · · · ann

 (1)

Step 3. Calculate the normalized direct relation matrix (D): Multiply the initial direct
relation matrix (A) by the normalization S to get the normalized direct relation matrix (D).
The calculation formula of S is shown in Equation (2), and that of the normalized direct
relation matrix is shown in Equation (3):

S = min

[
1

max ∑n
i=1 aij

,
1

max ∑n
j=1 aij

]
(2)

D = A·S (3)

Step 4. Establish the total impact relation matrix (T): Calculate the total impact relation
matrix (T) with D(I − D)−1 in Equation (4), and calculate the threshold value (α) with
Equation (5), where I is the identity matrix:

T = D(I − D)−1 (4)

α =
∑n

i=1 ∑n
j=1
[
tij
]

H
(5)

Step 5. Calculate factor centrality and relation and draw the causal network diagram:
Calculate the sum of rows ri (Equation (6)) and the sum of columns cj (Equation (7)) of
factors according to the total impact relation matrix (T). (ri + cj) represents prominence,
indicating the degree of influence and being influenced by this factor;

(
ri − cj

)
is the

relation. A positive value implies that the factor is “cause”, while a negative value implies
that it is “effect”. Filter out inconspicuous or minimal influence values in the total impact
relation matrix (T) with threshold value (α), and draw causal network diagram according
to centrality and relation values:

r = [ri]n·1 =

[
n

∑
i=1

tij

]
n·1

(6)

c =
[
cj
]

1·n =

[
n

∑
j=1

tij

]
1·n

(7)

3. Results
3.1. Phase I: Modified Delphi Analysis
3.1.1. The Experts’ Questionnaire Survey of the First Round

After clarifying the content and purpose of this study and consulting 12 experts and
scholars, the modified Delphi expert questionnaire was designed by Likert 7 Scale according
to 10 rural SD factors and distributed for the first round. All 12 questionnaires are collected
for analysis, with results as shown in Table 2.

According to analysis results of the first-round questionnaire in Table 2, the work-
ing environment has the highest average among experts and scholars (6.524), followed
by industrial activation, infrastructure, health and welfare, educational resources, local
culture, and government-related departments (6.476, 6.238, 6.238, 6.190, 6.095, and 6.048,
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respectively). The averages of transportation, public involvement, and living conditions
are less than 6 (5.952, 5.714 and the lowest 5.571, respectively).

Table 2. Summary of the First Round Delphi Analysis.

Factors Average Standard
Deviation Mode Quartile

Deviation

Industrial activation 6.476 0.814 7 0.5
Working environment 6.524 0.814 7 0.5

Living conditions 5.571 0.870 5 0.5
Infrastructure 6.238 0.768 7 0.5

Public involvement 5.714 1.102 6 1
Local culture 6.095 0.944 6 0.5

Government-related departments 6.048 1.071 7 1
Transportation 5.952 1.244 7 1

Educational resources 6.190 0.981 7 0.5
Health and welfare 6.238 0.768 7 0.5

Data sources: Collated by the author.

On the whole, the averages of all 10 factors are above 5, suggesting that they are fairly
stable. According to the quartile deviation standard proposed by Hollden and Wedman [51],
experts have a high degree of consistency on the seven factors with quartile deviations
of less than 0.6, namely industrial activation, working environment, living conditions,
infrastructure, local culture, educational resources, and health and welfare, and a moderate
consistency on the three factors with quartile deviations of 1, namely public involvement,
government-related departments, and transportation.

Despite the stability and consistency of the average and quartile deviations of in-
frastructure and transportation, in the first questionnaire, the panel recommended that
transportation be included in the infrastructure in view of Taiwan’s currently developed
high-speed railways, railways, and highways. Moreover, the panel proposed to modify
local culture into rural culture due to the differences of rural culture because of its develop-
ment background and course. Referring to the opinions of experts and scholars and the
analysis results, this study combines transportation and infrastructure into infrastructure,
and modifies local culture into rural culture for the second questionnaire analysis.

3.1.2. The Experts’ Questionnaire Survey of the Second Round

After modification according to suggestions of the panel of the first-round question-
naire, the second-round questionnaire was distributed to the 12-member panel of experts.
The analysis results based on the returned questionnaires are shown in Table 3.

Table 3. Summary of the Second Round Delphi Analysis.

Factors Code Average Difference Ratio
(%)

Standard
Deviation Mode Quartile

Deviation

Industrial activation IA 6.762 0.539 0.539 7 0
Working environment WE 6.762 0.436 0.436 7 0

Living conditions LC 5.667 0.796 0.796 6 0.5
Infrastructure In 6.381 – 0.805 7 0.5

Public involvement PI 5.762 0.831 0.831 6 0.5
Rural culture RC 6.333 0.730 0.730 7 0.5

Government-related departments GRD 6.143 0.964 0.964 7 1
Educational resources ER 6.190 0.873 0.873 7 0.5

Health and welfare H&W 6.238 0.831 0.831 6 0.5

Data sources: Collated by the author.
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As shown in Table 3, working environment and industrial activation have the highest
average of 6.762, followed by infrastructure, rural culture, health and welfare, educational
resources, and government-related departments, with averages greater than 6 (6.381, 6.333,
6.238, 6.190, and 6.143, respectively). The averages of public involvement and living
conditions are both less than 6 (5.762 and 5.667, respectively). In general, the averages of
all 9 factors are above 5, suggesting considerable stability. According to the standard of
Snape et al. [49], 15% average difference, the differences between the two averages of all
8 factors, are less than 15%, except for the new combined factor of infrastructure. Except for
the quartile deviation of government-related departments, which is 1, indicating moderate
consistency, the other 8 factors are all less than 0.6, indicating the panel’s consistency on
the nine factors.

3.2. DEMATEL Analysis
3.2.1. Define Factors and Evaluation Scales

In the DEMATEL measurement, the DEMATEL expert questionnaire is designed
according to the key rural SD factors identified in the first phase of modified Delphi, and
the assessment scale is extended to 0–7 to ensure greater consistency with modified Delphi.
Where 0 represents no impact, 7 represents high impact, and the others are rated as 1, 2, 3,
4, 5, or 6, respectively, according to the degree of impact.

3.2.2. Calculate the Initial Direct Relation Matrix (A)

Summarize and average the DEMATEL expert questionnaires of 12 experts to obtain
the initial direct relation matrix (A), as shown in Table 4.

Table 4. Initial Direct Relation Matrix (A).

Factors IA WE LC In PI RC RGP ER H&W Sum

IA 0 6.000 5.810 5.524 5.095 4.857 5.476 5.095 4.857 42.714
WE 6.190 0 6.095 5.476 4.524 4.429 4.905 4.714 5.048 41.381
LC 5.762 5.714 0 5.619 5.333 5.143 5.000 5.429 5.714 43.714
In 6.048 5.905 6.095 0 4.905 5.000 5.476 5.429 5.619 44.476
PI 5.667 5.238 5.571 5.429 0 5.810 5.714 4.857 5.000 43.286
RC 5.238 4.286 4.667 4.810 5.714 0 5.143 4.905 4.381 39.143

GRD 6.095 5.429 5.190 6.381 5.571 5.381 0 6.143 5.905 46.095
ER 5.619 4.952 5.143 5.000 4.952 5.524 5.381 0 4.714 41.286

H&W 5.000 5.238 6.095 5.048 4.762 4.381 5.571 4.524 0 40.619

Data sources: Collated by the author.

3.2.3. Calculate the Normalized Direct Relation Matrix (D):

Calculate the column sum of the initial direct relation matrix (A) and divide the value
in the matrix by the maximum column sum of 46.09 to get the normalized direct relation
matrix (D), as shown in Table 5.

Table 5. Normalized Direct Relation Matrix (D).

Factors IA WE LC In PI RC RGP ER H&W

IA 0 0.130 0.126 0.120 0.111 0.105 0.119 0.111 0.105
WE 0.134 0 0.132 0.119 0.098 0.096 0.106 0.102 0.110
LC 0.125 0.124 0 0.122 0.116 0.112 0.108 0.118 0.124
In 0.131 0.128 0.132 0 0.106 0.108 0.119 0.118 0.122
PI 0.123 0.114 0.121 0.118 0 0.126 0.124 0.105 0.108
RC 0.114 0.093 0.101 0.104 0.124 0 0.112 0.106 0.095

GRD 0.132 0.118 0.113 0.138 0.121 0.117 0 0.133 0.128
ER 0.122 0.107 0.112 0.108 0.107 0.120 0.117 0 0.102

H&W 0.108 0.114 0.132 0.110 0.103 0.095 0.121 0.098 0

Data sources: Collated by the author.
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3.2.4. Establish the Total Impact Relation Matrix (T)

Calculate the normalized direct relation matrix (D) and the identity matrix to obtain the
total impact relation matrix (T), as shown in Table 6. The threshold value (α) is calculated
to be 1.336.

Table 6. Total Impact Relation Matrix (T).

Factors IA WE LC In PI RC RGP ER H&W Total

IA 1.331 1.374 1.419 1.378 1.304 1.290 1.358 1.312 1.312 12.078
WE 1.413 1.224 1.388 1.342 1.260 1.249 1.313 1.272 1.282 11.743
LC 1.468 1.393 1.332 1.403 1.331 1.318 1.374 1.341 1.350 12.310
In 1.495 1.418 1.471 1.316 1.344 1.336 1.403 1.361 1.369 12.513
PI 1.456 1.375 1.429 1.390 1.218 1.321 1.377 1.322 1.328 12.216
RC 1.332 1.248 1.299 1.269 1.224 1.105 1.258 1.217 1.211 11.163

GRD 1.540 1.451 1.499 1.481 1.396 1.383 1.339 1.414 1.415 12.918
ER 1.398 1.316 1.366 1.329 1.264 1.265 1.317 1.175 1.271 11.701

H&W 1.372 1.306 1.367 1.315 1.246 1.230 1.306 1.250 1.165 11.557

Total 12.805 12.105 12.57 12.223 11.587 11.497 12.045 11.664 11.703 108.199

Note: The threshold value (α) 1.336 = 108.199 ÷ 81. Data sources: Collated by the author.

3.2.5. Calculate Factor Centrality and Relation and Draw the Causal Network Diagram

According to the total impact relation matrix (T), the sum of rows (r) and the sum of
columns (c) of factors in the matrix are calculated, as shown in Table 7, with their centrality
(ri + ci) and relation

(
ri − cj

)
being obtained. The causal network diagram of nine factors

is drawn by filtering out inconspicuous or minimal influence values in the total impact
relation matrix (T) with the threshold value, as shown in Figure 2.

Table 7. Summary of Factor Centrality and Relation Values.

Groups Factors Sum of Rows
(r)

Sum of Columns
(c)

Centrality
(r + c)

Relation
(r − c)

Cause group

GRD 12.918 12.046 24.963 0.872
PI 12.215 11.588 23.803 0.627
In 12.514 12.222 24.736 0.291
ER 11.700 11.663 23.363 0.038

Effect group

H&W 11.556 11.703 23.259 −0.147
LC 12.310 12.569 24.879 −0.259
RC 11.164 11.496 22.660 −0.332
WE 11.742 12.106 23.848 −0.363
IA 12.078 12.805 24.883 −0.727

Data sources: Collated by the author.

As indicated by the analysis results of DEMATEL, the four factors of government-
related departments, public involvement, infrastructure, and educational resources are in
the “cause” group, while the five factors of health and welfare, living conditions, rural
culture, working environment, and industrial activation are in the “effect” group.
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4. Discussion

Based on literature review and the introduction of modified Delphi, this paper firstly
summarizes nine factors of rural SD, namely living conditions, infrastructure, public
involvement, government-related departments, educational resources, industrial activation,
working environment, rural culture, and health and welfare. Through DEMATEL analysis,
these factors are then classified and judged for importance, as shown in Table 8.

Table 8. Summary of Relation and Centrality Values and Ranking of Nine Factors.

Groups Factors Relation Ranking Centrality Ranking

Cause group

GRD 0.872 1 24.963 1
PI 0.627 2 23.803 3
In 0.291 3 24.736 2
ER 0.038 4 23.363 4

Effect group

H&W −0.147 1 23.259 4
LC −0.259 2 24.879 2
RC −0.332 3 22.660 5
WE −0.363 4 23.848 3
IA −0.727 5 24.883 1

Data sources: Collated by the author.

According to the results of causality analysis, the four factors in the “cause” group
are government-related departments, public involvement, infrastructure, and educational
resources are in descending order by relation, and government-related departments, infras-
tructure, public involvement, and educational resources in descending order by centrality.

Not surprisingly, under the condition of rural exodus and resource outages, government-
related departments is the crucial factor of rural SD. In the real world, the government of
Taiwan not only is the main promoter and founder of rural SD but also holds the discretion
of the public involvement and infrastructure development of rural areas. Therefore, three
factors, government-related departments, public involvement, and infrastructure have
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reciprocal causal effects on each other. It is worth noting that educational resources as a
factor of the “cause” group mean rural SD cannot just count on the government policy; it
also needs impetus from an educational perspective. In the analysis results of DEMATEL,
educational resources influence industrial activation and living conditions, which indi-
cate that a commitment to educational resources in rural areas might facilitate industrial
activation and subsequently enhance the ability of rural self-reliance.

The five factors in the “effect” group are health and welfare, living conditions, rural
culture, working environment, and industrial activation, in descending order by relation,
industrial activation, living conditions, working environment, health and welfare, and
rural culture in descending order by centrality. From the view of rural SDGs, facilitating
industrial activation and improving living conditions and working environment are also
major goals that the government of Taiwan wants to achieve for implementing rural SD
related plans. Therefore, three factors—industrial activation, living conditions, and working
environment—have reciprocal causal effects on each other.

Last but not least, although rural culture has not been included in the “cause” group
nor has it been identified as a major factor in the “effect” group, it is of great significance
for sustainable development. Culture promotes public involvement and the exercise of
citizenship while improving and enforcing patterns of production and consumption. That
is, it influences and, more importantly, connects the three dimensions of sustainability, i.e.,
society, economy, and environment [16,61]. Still, culture has received less attention and
discussion than other rural sustainable development factors [61,62]. Follow-up studies
are therefore expected to focus on the impact and contribution of cultural factors to rural
sustainable development.

5. Conclusions

According to DEMATEL analysis results, government-related departments, public
involvement, and infrastructure are important factors in the “cause” group, suggesting
their critical and decisive influence on rural SD. Therefore, suggestions for subsequent
sustainable development of rural areas are put forward from the following three aspects.

5.1. Facilitate Cooperation and Support between Government-Related Departments

Amid trends of industrialization, urbanization, and informatization, agriculture and
rural development have been neglected or shelved in most countries. In Taiwan, to promote
the modernization and sustainability of agricultural and rural development, the responsi-
bility of rural SD was almost fully authorized by the central government to the Soil and
Water Conservation Bureau (SWCB). However, under the situation of no planning and
drawing up of rural SD plans with other governmental departments, such as transportation,
health and welfare, labor, and education, many problems and conflicts are emerging while
implementing rural SD plans, especially when it comes to urban versus rural development.
Therefore, rural SD should not be a matter of just the agricultural sector. Instead, it needs
all government-related departments to work together to accelerate the goals of sustain-
able rural development through policy promotion, resource allocation, and continuous
monitoring [21,38,63].

5.2. Promote and Strengthen Public Involvement

Apart from the unprecedented gap between urban and rural areas, urbanization has
brought about the aging of rural population and labor migration. The resulting lack of
human resources is one of the major difficulties and bottlenecks facing rural sustainable
development [64]. This requires government-related departments to make efforts to attract
commitment to rural construction and development while enhancing the cohesion of rural
residents and their willingness to participate in rural development activities through coop-
eration and integration, thereby achieving the ultimate goal of independent rural operation.
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5.3. Infrastructure

Given its close connection to human life, infrastructure has significant positive or
negative impacts on the three dimensions of sustainability, i.e., environment, society,
and economy, in both urban and rural areas, implying the need for sound consideration,
planning, design, delivery, and disposal schemes [65,66]. In view of this, efforts should
be made to minimize the negative impact and maximize the positive impact on economy,
society, and environment when adding or updating rural infrastructure based on current
infrastructure deficiencies.

Lastly, since the rural SD is a multifaceted and multidimensional concept, it is hard to
be defined through specific variables or concrete quantitative indices. The study summa-
rized, defined, and identified nine factors of the rural SD through a literature review and
modified Delphi analysis and tried to contribute by conducting a preliminary exploration
of causal relations between rural SD factors. The completeness and specification of factors
and definitions might still have room for improvement, and it is also the limitation of this
study. Therefore, future studies could look for more variables, indices, and even methods
to break through this limitation and expand a new research direction for rural SD.
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