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INTRODUCTION
RESEARCH BACKGROUND
The attention to global environmental knowledge in the development has emerged over decades to
support the decision-making process in the environmental governance (Turnhout, et al., 2016). Hence,
many policymakers have gained interests to scrutinise the knowledge in the political arena
(Turnhout, et al., 2016; Heinrichs, et al., 2016; Juntti, et al., 2009; Glavic & Lukman, 2007). Sustainable
development has inclined as an important policy agenda in promoting integrated objectives of future
societies (Heinrichs, et al., 2016). Any physical development matters to the economic, social, and
environmental aspect, including in the road infrastructure planning. Besides of the economic growth,
a road development might also result in the improved social and spatial cohesion (Suprayoga &
Hendrawan, 2015). However, it also increased the pace of natural resources degradation (Chi & Stone
Jr, 2005) and the massive amount of the energy consumption in road-induced growth (Cervero, 2003).
The importance to adopt sustainability agenda in transport infrastructure development has
consistently been a focus on the policy making and spatial development in Indonesia. To assist with
the implementation, the Ministry of Public Works and Housing has started a sustainability
assessment practice of several road projects since 2014 (Suprayoga & Hendrawan, 2015). However,
the current practice mainly focused on the ex-post evaluation and certification purposes. Thus, the
opportunity to tackle sustainability issues at the beginning phase of the development projects might
be missed. As stated in some studies (Lawrence, 2000; Tetlow & Hanusch, 2012; Sadler & Verheem,
1996), the missing opportunity to cope with sustainability problems also aligned with the issue of
Environmental Impact Assessment (EIA), which was considerably unable to assist decision-making
process in the road planning. Meanwhile, The Guideline of Pre-Feasibility Study for Road Planning
by Ministry of Public Works in 2005 had a limitation in comprehensively covering sustainability
dimensions, particularly related to social and environmental aspects. The limited coverage of
sustainability dimensions also happened in the Strategic Environmental Assessment (SEA) (Hacking
& Guthrie, 2008; Dalkmann, et al., 2004). To be precise, SEA had a limited coverage of aspects (Bueno
& Vassallo, 2015) and hardly evaluated the “inconsumerable” goods (Bueno, et al., 2015),
Therefore, this study concluded that there were two societal problems with regards to the road
projects assessment towards sustainable objectives, particularly in Indonesia: (a) the limited scope of
current assessment and (b) the lack benefit of the assessment to infrastructure planning. The two
societal issues mentioned in the previous sentence motivates this study: the need to apply a method
which sufficiently addresses those two societal problems.

PROBLEM STATEMENT
Numerous methods have been developed under the term of “sustainability assessment” (Ness, et al.,
2007). Moreover, many studies have developed the principles and criteria for the assessment (e.g.,
Gibson, 2006; Pope & Morrison-Saunders, 2004). Other studies even developed the criteria in the
transportation sector (e.g. Miller, et al., 2013), green roadways (e.g. Pakzad & Ozmond, 2016), and
infrastructure (e.g. Muench, et al., 2010). However, the sustainability assessment is still evolving and
lacking examples of implementation (Pope & Morrison-Saunders, 2004) and need to be sensitive to
the context (Richardson, 2005). The reasons to look at the context-dependent assessment on
sustainability were because many key considerations would: be location-specific, depend on the local
ecosystems, work on the institutional arrangement (Gibson, 2012), and become culturally sensitive
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(Gazzola, et al., 2011). The meaning of sustainability itself should be established among the related
stakeholders to avoid confusion in considering the context (Bond & Morrison-Saunders, 2013).
Therefore, Bueno & Vassallo (2015) has offered the use of multi-criteria decision analysis (MCDA)
that “allows the incorporation of consensus-based comparative judgments and preferences, along
with the geographical and social context…”. Moreover, a model of multi-actor multi-criteria analysis
(MAMCA) has been conveyed by Macharis (2007) and Macharis & Bernardini (2015) to complement
the assessment by providing room to all stakeholders involved in the decision-making process. The
use of these methods could address the absence of the context requirement in the assessment practice.
Hence, this study intends to apply a method that takes multiple perspectives of stakeholders into
account for context-requirements toward sustainability of road infrastructure projects. By this way,
this study could improve the transparency, accountability, and comprehensiveness of the current
method since the assessment would consider some relevance key context-sensitive aspects into
account based on the stakeholders’ perspective.
Through this research, this study promotes: the extent of context requirements, as perceived by the
stakeholders, in assessing the sustainability of road infrastructure projects, as a knowledge gap to be
addressed. This research offers a method to integrate multi-actor perspectives in the assessment. The
study might be served as a lesson learned to improve the existing approaches and tools for the
assessment, while also showing the relative importance of context requirements.

RESEARCH QUESTIONS
The main research question and sub-research questions are:
“To what extent is the selection of sustainability assessment criteria driven by the context requirements in road
infrastructure planning?”
1.

What are the distributions of the prioritised criteria as proposed by the stakeholders in the
investigated cases?

2.

Is there a significant difference of the prioritised criteria among the cases?

READING GUIDE
This report intends to identify the extent of the context requirements that influence the criteria
selection in conducting the sustainability assessment of road infrastructure. The first chapter explains
why this study has been undertaken, what the basic background for the study is, and the problem
statements which underlie the study, and the research questions to be answered in this study. Then,
to support the study and the stated problems, several theoretical frameworks are constructed in the
second chapter. Next, the third chapter underlines and describes the general overview of the case.
Following the previous chapter, the methods of the research; the general research design, how to
collect the data and its procedure, how to analyse the data are elaborated in the fourth chapter. The
results are presented in the fifth chapter, while the discussion and conclusion are delivered in the last
chapter.

3

Figure 1. Research and Analytical Framework
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THEORETICAL FRAMEWORK
CRITERIA

OF

SUSTAINABILITY ASSESSMENT

As the first step, this study tried to develop the criteria from sustainability principles from an
extensive literature review. Several principles are inventoried from previous studies: Pope &
Morrison-Saunders (2004) and Gibson, et al. (2005). The principles by Pope & Morrison-Saunders
(2004) covered all the core criteria from Gibson, et al. (2005), so the principles are chosen. Then,
several criteria of sustainability assessment are listed for this study. Several studies (i.e. Yigitcanlar &
Dur (2010), Jeon, et al. (2013), and Muench, et al. (2012)) and policy documents in Indonesia have
developed the criteria for the sustainability assessment of road infrastructure, as shown in Appendix
2.
Afterwards, this study has generated a conceptual framework of four dimensions. The developed
criteria from sustainability principles have been integrated into these four dimensions from analytical
framework. The first is the infrastructure dimension (I), including the physical (A) and operational (B)
contexts. The second is the spatial dimension (II), consisting of the land use pattern (C) and urban
structure (D) contexts. The third is the temporal dimension (III), comprising of the primary (E) and
secondary (F) contexts. At last, the governance dimension considers the political (G) and the
institutional (H) contexts. Within these perspectives and their types, numerous understanding on the
three (traditional) dimensional aspects of sustainability -the environment, social, economic –are
explored, which reflect the “strong” or nested model of sustainability development (Pryn et al., 2015).
By using this analytical framework, this study worked on providing empirical evidence regarding the
interrelated nature of sustainability issues in the context of transport infrastructure development. This
framework, to be precise, considered the spatial and infrastructure dimension of the assessment,
which is highly related to planning field. It became a convenient tool for planner and infrastructure
policy makers, especially in Indonesia, to assess how sustained a road development project and plan
are. Moreover, these criteria also contain all derived criteria from the previous step. Thus, the criteria
can be synthesised as the part of the new proposed criteria from an analytical framework, which are
related to the decision contexts.
Table 1. Proposed Criteria from the Analytical Framework
Definition

Reason to Include the Criteria

1

Physical Road
Construction

Impact on physical road construction regarding
resource use efficiency (energy and material), the use
of local material, durability of pavement design, the
road maintenance costs, and other related impacts.

2

Operational
Road
Management

Impact on the operational facilities to create the
infrastructure functioning safely and securely for all
users, including cyclist and pedestrians

3

Land Use
Pattern

4

Urban Structure
Development

As included in the infrastructure dimension, the
physical construction process could be highly
related to environmental aspect and depended on
the context.
As included in the infrastructure dimension, the
road management of the daily operationalisation
could be highly related to environmental aspect
and depended on the context.
As included in the spatial dimension, the impact
on land use pattern could be highly related to
environmental aspect and depended on the
context.
As included in the spatial dimension, the way
urban has developed due to road development
could be highly related to economy aspect and
depended on the context.

Number of
Literatures
11
Literatures
and 1 Policy
Document
11
Literatures
and 2 Policy
Documents
12
Literatures
and 2 Policy
Documents
12
Literatures
and 2 Policy
Documents

5

Immediate
Effects

As included in the temporal dimension, the shortterm impact due to road development could be

12
Literatures

No

Proposed
Criteria

Impact on the arrangement of the land use to maintain
livability of people, improve heritage values of
locations, preserve ecological networks, and reduce
negative effects to public health
Impact on the generation of economic growth related
to urban structure development regarding urban
agglomeration,
redistribution
of
regional
development, access improvement to market, and
other related impacts.
Short-term and immediate effects of the infrastructure
development to regions or communities regarding

6

No

6

Proposed
Criteria

Intergenerational
Effects

7

Political Agenda

8

Institutional
Integration

Definition

Reason to Include the Criteria

resettlement, resource loss, deforestation, job
opportunity improvement, direct investment flows,
and other related impacts.
The long-term process which affects communities and
their physical environment, involves the effects of
economic activity development and ecosystem
changes, and focuses on the impact reversibility,
especially when the ‘turning point’ is reached.
The acknowledgement of different perspectives on
issues and expected outcomes articulated by
stakeholders regarding public security and defence,
inter-regional trade, cultural integration, regional
competitiveness, public transportation, and other
related impacts.
Impact on the institutional integration which is
represented by different agencies with their roles and
responsibilities to open combined efforts for the
infrastructure operation.

highly related to economy aspect and depended
on the context.

Number of
Literatures
and 2 Policy
Documents

As included in the temporal dimension, the longterm impact due to road development could be
highly related to environmental aspect and
depended on the context.

12
Literatures
and 2 Policy
Documents

As included in the governance dimension, the
fulfilment of government’s development agenda
due to road development could be highly related
to economy aspect and depended on the context.

12
Literatures
and 2 Policy
Documents

As included in the governance dimension, the
effectivity and efficiency of road governance could
be highly related to social aspect and depended on
the context.

12
Literatures
and 2 Policy
Documents

Footnote: The process of an extensive literature review to derive the criteria is shown in Appendix 2.

Figure 2. The Analytical Framework of Sustainability Assessment for Road Infrastructure
Source: Adapted and Modified from Witte & Spit (2014)

CONTEXT REQUIREMENTS

AND

SUSTAINABILITY ASSESSMENT

The introduction chapter has emerged the context-dependent knowledge in the sustainability
assessment as a vital issue. Some studies (Miller, et al. (2013); Prugh, et al., (2000)) have shown the
criticality of this issue. They mentioned that the solution for sustainability appeared when the
consideration of local context is taken because it could have a surge impact to the outcome. Moreover,
an assessment without a context-dependent knowledge could create a misleading of interpretation to
the policy makers, since Andersen & Risør (2014) mentioned that the depth or contextual reasoning
could enrich the conclusions on ‘what-works’ for the evaluation.
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The discussion on context-dependent knowledge led to the discourse of the governance context in
which such policy and planning are made (Gazzola, et al., 2011). Richardson (2005) pointed out that
the challenge in the assessment was to embrace the different values in the local context. Therefore,
Macharis (2007) developed a model of multi-criteria analysis that has integrated the stakeholder
analysis in the model and named this model as Multi-Actor Multi-Criteria Analysis (MAMCA)
(Macharis & Bernardini, 2015). A multi-criteria analysis provided a more transparent structure of a
certain decision-making process and allowed many key considerations to include a different broad set
of values among the related stakeholders (Pope & Morrison-Saunders, 2013). This study would
contribute in the part of stakeholder analysis (Figure 3, MAMCA Framework in red box), by
providing room for stakeholders to prioritise the criteria and testing the significance of the differences
between those prioritised criteria in each context (Figure 1, Research Framework). The further detail
of the analysis process would be elaborated in the methodological part.

Figure 3. The Relationship of Research Framework for This Study and MAMCA Framework
Source: Modified from Macharis (2007)
Note: This study takes part to offer a new method (AHP technique) in the stakeholder analysis under MAMCA
framework (in the red box). The detail steps of analysis were elaborated in the chapter of methods (Figure 10)
Two methods were used for this study as a tool for analysis. In the first step of the analysis, the
stakeholders tried to prioritise the criteria based on their knowledge and consideration about context
(Figure 3, about prioritised criteria). Therefore, this study used Analytical Hierarchy Process (AHP) as
a tool for the first analysis. AHP offers a tool to analyse it in the way as elaborated by (Saaty &
Vargas, 2012):
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“The Analytic Hierarchy Process (AHP) is a basic approach to decision making. It is designed to
cope with both the rational and the intuitive to select the best from a number of alternatives
evaluated with respect to several criteria. In this process, the decision maker carries out simple
pairwise comparison judgments which are then used to develop overall priorities for ranking the
alternatives. The AHP both allows for inconsistency in the judgments and provides a means to
improve consistency.” (Saaty & Vargas, 2012)

Meanwhile, t-test analysis was used as a tool for the second analysis to seek for significant differences
of prioritised criteria among cases (Figure 3, about significant differences). This study compared the
selected criteria between two cases by conducting the Analysis of t-test, as referred to Vaske (2008),
and is categorised as the independent two-sample t-test. This analysis tried to testify whether the type
of case influenced the results of prioritised criteria. Thus, the independent variable for this analysis is
the case (Dichotomous, one case is independent than the other) and the value of prioritised criteria is
the dependent variable (Continuous, because the value is numeric). Therefore, the independent twosample t-test was selected based on the guidelines for selecting an appropriate analysis by Vaske
(2008). The operationalisation of these tools for this study was elaborated in the methodological
chapter.

9

10

CASE STUDY
CASE DESCRIPTION
This study selected two different cases: Kelok-9 Highway in Sumatera and Bali Mandara Toll-Road.
Both cases are located in the different main island in Indonesia. The first case is in the Sumatera
island, while the second one is in the Bali island. The proposed cases are expected to give a
contradictory evidence of exercising criteria prioritisation in the decision-making. The selection of the
case delivered the different interests among two contexts in the process of decision making. Bali case
emphasised on the human-cultural aspect, while the Sumatera case focused more on the
environmental dimension.

KELOK-9 HIGHWAY, SUMATERA, INDONESIA
Kelok 9 highway is a roadway which connects the city of Padang, West Sumatera and Pekanbaru,
Riau in Sumatera Island, Indonesia. It is a national road that functions strategically to link the
distribution of goods and services from Riau-West Sumatera-Riau since 1908. It is located inside the
protected forest and has nine sharp turns. The topographical condition of this road could be
considered as the most extreme compared to other trunk roads in Indonesia (Ministry of Public
Works, 2013). It is located at 650-800 above the sea level and has 2.7 kilometres’ length. The overall
nine sharp turns have diameters less than 40 meters for each due to the topographical condition: stone
hills.

Figure 4. Bottleneck of Kelok-9
Source: Ministry of Public Works (2013)
Due to the road topography, the bottleneck was unavoidable in the past, which causes traffic
congestion along the road network. The travel time between Bukittinggi-Payakumbuh-Riau through
this path took almost 4-5 hours (with the normal traffic), but it could be much longer when congested.
Thus, the bridges of Kelok-9 Highway were constructed along with the reconstructed road segments
nearby to cope with the traffic problems.
The reconstruction of this project adopted the green construction concept that emphasises on the
natural resource conservation and the natural habitat rehabilitation (Ministry of Public Works, 2013).
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The project was started in 2004 and ended 2012 by passing many procedures as shown in Figure 5.
The concerned stakeholders in the decision makings include the Ministry of Public Works, the local
government of West Sumatera and the regencies within, businesses (Semen Padang), and project
developer. Currently, these bridges operate well to serve the traffic flows from Riau through West
Sumatera and the other way around. Moreover, this road has developed as the new icon of tourism in
the West Sumatera, opening a chance to contribute to tourism sector development. As this project is
located in a protected forest, a strict environmental consideration is needed to keep the sustainability
up.

Figure 5. Kelok-9 Toll-Road, Sumatera, Indonesia
Source: Website of Goriau, 2017

Figure 6. Phase of Development in Kelok-9

BALI-MANDARA TOLL-ROAD, BALI, INDONESIA
Bali Mandara Toll-Road is a roadway that connects the International Airport Ngurah Rai in Bali,
Benoa Port, and Nusa Dua with the length of 12,7 km above the sea. It is a national road that transport
12

people to 32 tourism destinations around the island. The road is constructed above the sea water and
has four road sections: Nusa Dua toll gate, Ngurah Rai toll gate, Benoa toll gate and the interchange
between those three parts (Ngurah Rai interchange). The topographical condition of the road is
unique. It is beautifully constructed above the eastern sea of Bali with the fastest development phase
ever: 14 months (Lamade, et al., 2013).
The project used the green technology called T Beam, that emphasises on resiliency and durability of
the road construction. Even though the development of the project is considered fast, the initiation of
this toll-road has been delivered since 2006. Because of many bureaucratical procedures that
challenged the initiation (e.g. the provincial spatial plan), the initiation finally was granted in 2011.

Figure 7. The Structure of Bali Mandara Toll-Road
Source: Lamade, et al. (2013)
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Figure 8. Phase of Development in Bali Mandara
The stakeholders that are involved in this project are varied, from the ministries (State Owned
Enterprise, Public Works, etc.), the local government of Bali and the regencies within, businesses
(bank companies), and project developer. Currently, the road operates well to serve the traffic flows
between three areas (Nusa Dua, Ngurah Rai, and Benoa). However, the development of this project
emphasises on the potential benefit of the economic development of tourism sector in Bali and
possible impact on the cultural preservation. Moreover, this project has mostly acquired the land of
local communities: for almost 8,3 thousand meters squared. Therefore, an emphasis on the social and
economic aspect is needed to create a harmonious road development towards sustainability.

Figure 9. Bali-Mandara Highway, Bali, Indonesia
Source: Website of Ministry of Public Works and Housing, 2015
Table 2. Characteristics between Two Cases
Characteristics
Route

Kelok-9 Highway
Padang, West Sumatera – Pekanbaru, Riau

Length
Level

2.7 kilometers
National road
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Bali Mandara Toll-Road
International Airport Ngurah Rai in Bali –
Benoa Port – Nusa Dua
12,7 kilometers
National road

Characteristics

Kelok-9 Highway
connect the distribution of goods and
services from Riau-West Sumatera-Riau.

Function

Topographical
Condition
Uniqueness

and

Problem

Project
Period of the Project
Phase of Development

Stakeholders

Emphasis

Physical

Located inside the protected forest and
stone hills and has nine sharp turns.
Nine shape turns inside the protected
forest
The bottlenecks in three sections of the
road which cause a traffic congestion in
this road, on weekday and especially on
weekend
Road
rehabilitation
and
bridge
development
2002-2012, phased development
Feasibility study, Environmental Impact
Analysis
(EIA),
protected
forest
management plan, highway model
construction, the cutting of the cliff in the
area, land clearing, the development itself,
and the monitoring and evaluation of the
project.
Varied, from Ministry of Public Works,
local government of West Sumatera and
the regencies within, businesses (Semen
Padang), and project developer.
As this project is located within the
protected forest, an emphasis on
environmental aspect is needed to create a
harmonious road development towards
sustainability.

Source: Ministry of Public Works (2013) and Lamade, et al. (2013)
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Bali Mandara Toll-Road
accommodate people transportation to 32
tourism destination in Bali without
creating a traffic congestion inside the
island
Located above the Bali Sea and has four
road sections.
Above the sea and acquired local citizens’
land
The traffic of touristic activities has caused
a traffic congestion in the south of Bali, on
almost every day.
Road development above the sea
2011-2012 (2006 is the initiation), design
and build
Land
clearing,
heavy
equipment
mobilisation, the detail engineering
design,
the
coordinate
points
determination, the pile booking, the
precast plan preparation, and licensing.

Varied, from the ministries (State Owned
Enterprise, Public Works, etc), local
government of Bali and the regencies
within, businesses (bank companies), and
project developer.
An emphasis on the social and economic
aspect is needed to create a harmonious
road development towards sustainability.
It is because this project relates to (1) the
potential benefit of the economic
development of tourism sector in Bali, (2)
the cultural preservation of the spiritual
spot in the Ulun Danu Temple, Lake
Beratan,
Tabanan,
and
(3)
land
acquisitions with local communities.
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METHODS
GENERAL RESEARCH DESIGN
Research, as mentioned in Healey (2015), is an insight from an experienced world which translates the
preconceptions into new interpretations and findings. A research design is the road map that the
researcher needs to conduct, during the research journey in finding the answers to the research
question(s) (Kumar, 2014). This study aims at testing the influence of the stakeholders’ perspectives
in prioritising the criteria toward sustainability of road infrastructure. To answer the question, the
research design that is used for this study is a case study. Based on several research considerations in
du Toit (2015), the aim of the research is the basic research (towards applied), which intends to
advance the fundamental knowledge and the world that the discipline deals with. The purpose of the
research itself is to describe the picture of the stakeholders’ preferences in prioritising the criteria and
carries the pragmatism paradigm for the improvement of the real world. Therefore, the quantitative
research is more fitted since it helps us to observe and measure the information numerically
(Creswell, 2014): the significance of stakeholders’ preferences in prioritising the criteria. The source of
the data itself is most likely collected from the primary data, as it might be the way to ensure all the
data are available and can be related (Fowler, 2002). Moreover, it provides a numeric description of a
trend (Creswell, 2014) of the criticality of contextualisation in the sustainability assessment for road
infrastructure planning.

DATA COLLECTION METHODS
Structured interview is the method to collect data for this study, through a questionnaire. This
method was used to get responses from the related stakeholders about the prioritised criteria in each
context. In the questionnaire, the responses to the criteria as seen in Table 1 were compared to each,
by using pairwise comparisons. The questionnaire itself was designed by using an online survey to be
practical and quick (Creswell, 2014). The result was then utilised to answer the second sub-research
question: significant differences of prioritised criteria.
This study chose several type stakeholders as the respondents: the national-local government and
non-governmental organisation. Even though Gibberd (2015) suggested to include the local
community and users into account in developing the sustainability criteria, this study believed that
the chosen informants had more resources, networks, and power in the decision-making process of
the project. The two cases selected for this research is to produce more robust results (Yin, 2014). A
stratified purposive (Babbie, 2007) sampling is used for this study to collect data from several
informants in both cases, as seen in Table 3 by taking a sample as a representative of key important
stakeholders in the decision-making process of road infrastructure projects.
Table 3. Stakeholders in Road Infrastructure Planning for Bali Case and Sumatera Case
Stakeholders

National
Governmental
Institution

Local

Bali Mandara Toll-Road, Bali

Kelok 9 Highway, Sumatera
Coordinating Ministry of Economic

Ministry of State-Owned Enterprises
National Development Agency
Regional Infrastructure Management Board
Centre of Road and Bridge
Green Road Team
General Directorate of Road Management
Ministry of Agrarian and Spatial Planning
Ministry of Environment and Forestry
Ministry of Transportation
Local Regency of Badung

National Development Agency
Regional Infrastructure Management Board
Centre of Road and Bridge
Green Road Team
General Directorate of Road Management
Ministry of Agrarian and Spatial Planning
Ministry of Environment and Forestry
Ministry of Transportation
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Response
Yes
No
Yes
Yes
No
No
No
Yes
Yes
Yes
Yes

No
P6
P2
P3

P7
P5
P9
P11

Stakeholders
Governmental
Institution
NonGovernmental
Organization/StateOwned
Enterprise/Other
Organizations

Bali Mandara Toll-Road, Bali

Kelok 9 Highway, Sumatera
Local Province of West Sumatera
Local Municipality of Sawahlunto

Bali Toll Enterprise
National Road Planning and Management
Agency of Bali
Research and Industrial Affiliation Institute of
ITB (LAPI ITB)
Indonesian Road Development Union (HPJI)

National Road Planning and Management
Agency of West Sumatera
Research and Industrial Affiliation Institute of
ITB (LAPI ITB)
Indonesian Road Development Union (HPJI)

Pulse Lab Consultancy Agent

Pulse Lab Consultancy Agent

Response
Yes
No
No
No for
Both
No

No
P10

Yes

P8

Yes

P4

There were some limitations when the data were collected. This study used an online questionnaire
due data collection procedure. The results could have been better if the data were gathered by a faceto-face questionnaire, so the response rate of the questionnaire would have been higher. This issue
also affected the size of the sample, since some stakeholders did not respond when the researchers
contacted them. Therefore, the unresponsive respondents have implicated to the results of the
analysis. Two confidence intervals or CIs (90% and 95%) were used to cope with this issue (small
sample size) since the results would be different if there were only one CI (for instance, 95%).
Meanwhile, another implication is the results could be expected to come out differently if some
competent respondents (listed in Table 3) who are knowledgeable in the project case (i.e. Green Road
Team). For example, the specific criterion would be revealed as the prioritised criterion in one specific
context, if those respondents filled in the questionnaire.

DATA ANALYSIS METHODS
The criteria for this study were selected by the related stakeholders in each project. In the first step of
the analysis, the responses were collected and organised. The logarithm of each compared criteria
was calculated for each respondent. The results of the calculation are shown in a matrix of
comparison. Therefore, one respondent had one matrix comparison judgment in this analysis.
Afterwards, the eigenvector for each criterion is calculated to determine the rank of criteria. This
eigenvector was calculated by squaring the matrix, summing up the row of the matrix’s squaring
result, and normalising the result by dividing it with the total row. This calculation resulted in a table
of criteria’s rank per respondent. The ranks were weighted by multiplying the weighting score (Table
4) with the eigenvector. Then, the outcomes (eigenvector x weighting score) were summarised into a
total score of the results (total of eigenvector x weighing score) to have a description of the outcomes
per dimension in the two contexts per stakeholder. Figure 10 visualised the step of this analysis.
This type of analysis allowed this study to make a list of the prioritised criteria that are selected by the
related stakeholders based on the consideration of the condition of each project. Besides that, the
consistency analysis is performed. This analysis aimed to check the consistency of the responses from
the stakeholders by calculating consistency ratio through the comparison of consistency index and
random index. If the consistency ratio is less than 10%, then we could conclude that the responses
from the stakeholders are consistent. Then, this analysis could validate the result of AHP analysis.
Moreover, this analysis was conducted by using Expert Choice 11.0 as a tool (package software) for
the analysis.
Table 4. Weighting Score of Sustainability Dimensions
No

Proposed Criteria

Economy

Social

Environmental

1

Physical Road Construction

2

1

3

2

Operational Road Management

2

1

3

3

Land Use Pattern

1

2

3
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No

Proposed Criteria

Economy

Social

Environmental

4

Urban Structure Development

3

2

1

5

Immediate Effects

3

2

1

6

Intergenerational Effects

1

2

3

7

Political Agenda

3

2

1

8

Institutional Integration

2

3

1

Note: Table 1 showed how this study constructed these proposed criteria
Lastly, the significance of the differences of prioritised criteria is measured. This analysis was done by
t-test analysis. It testified the significant differences between two population means, using the means
from randomly drawn samples (the chosen related stakeholders). A statistical package software
(SPSS) is used as a tool for the analysis. There were two approaches in comparing the result from the
first analysis. Firstly, this study compared the summarised outcomes (dimension-based, as shown at
step 5 in Figure 10) between two cases. This approach is conducted to show how the stakeholders
prioritised the criteria and took a stand in one particular sustainability dimension among others.
Besides that, this study used another approach by comparing the criteria outcomes (criteria-based,
step 3 in Figure 10) between two cases. This approach is carried out to give an overview of how
differed the stakeholders ranked the criteria, based on their perspective.
For this analysis, this study constructed the null hypothesis (H0) and the alternative hypothesis (H1).
This study used a two-tailed two independent samples t-test because there is no underlying
assumption in the analysis. Even though there was a statement that one case put more emphasis on
one specific dimension (e.g. an emphasis on environmental aspect in Kelok-9 is needed), it did not
guarantee that the means of the outcome in one case is higher than the other one. Therefore, the H0
and H1 are expressed in the way:
 H0= μ1=μ2, which indicates that the means of two populations (outcomes of dimension-based and
criteria-based in case 1 and case 2) are equal. It means that there is no significant difference
between case 1 and case 2.


H1= μ1≠μ2, which indicates that the means of two populations (outcomes of dimension-based and
criteria-based in case 1 and case 2) are not equal. It means that there is a significant difference
between case 1 and case 2.

Table 5. Methods to Conclude the Result from T-test Analysis in SPSS
Indication from
Indication from result
Response from result
result (CI= 90%, α=
Conclusion
(CI= 95%, α= 0.05)
0.1)
Reject H0
Sig (2-tailed) < 0.05,
Sig (2-tailed) < 0.1,
There is a significant
or
or
difference
between
ttest < ttable (-2.131),
ttest < ttable (-1.753)
case 1 and case 2
or
or
ttest > ttable (+2.131)
ttest > ttable (+1.753)
*ttable is for α=0.05, *ttable is for α=0.1,
df=17-2=15
df=17-2=15
Accept H0
Sig (2-tailed) > 0.05,
Sig (2-tailed) > 0.1,
There is no significant
or
or
difference
between
ttable (-2.131) < ttest < ttable ttable (-1.753) < ttest < case 1 and case 2
(+2.131)
ttable (+1.753)
*ttable is for α=0.05, *ttable is for α=0.05,
df=17-2=15
df=17-2=15
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Figure 10. Visualisations of the Analysis’s Steps for this Study
The analysis applied two confidence intervals (CI): 90% and 95% because this study had to deal with
the low response rate during the data collection. By choosing those two acceptable CIs, this study
gave more rooms to seek for the significant differences among two contexts. The result of SPSS for
this analysis concluded whether there is a significant difference in the criteria prioritisation between
the two cases, as shown in Table 5. Therefore, the result of the analysis answered the main research
question: the extent of how the selection of sustainability criteria is driven by the context
requirements.
However, the cases in this study only took nine samples in case 1 and eight samples in case 2 which
made it becomes “student’s two-independent-sample t-test”. This kind of test is challenged by the
Type 1 error where such a nonnormality distribution happens (typically in the form of heavytailedness). Thus, this analysis could result in a depression of the power to detect the effects when the
usual means and variance are used for the analysis (Keselman, et al., 2004). However, such
extremely-small-sample research could occur in various scenarios (de Winter, 2013) and this study
did not bootstrap the sample (the reason appeared in discussion part).
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In the end, the result of the analysis depicted how the context-dependent knowledge is essential and
how it could play a potential role in the development of a more advance sustainability assessment.
However, if the result showed how insignificance it is, then this study still had the support to
promote context requirements in the further research. The further discussion referred to the use of
MAMCA in the development of sustainability assessment, particularly in road infrastructure projects.
This tool was considered more sensitive to the context. AHP technique could become as an integral
part of the Multi-Actor Multi-Criteria Analysis (MAMCA) model to address the context requirements
of the assessment.

RELIABILITY

AND

VALIDITY

Social scientists pay attention to the two types of technical consideration in the researcher
methodology: reliability and validity (Babbie, 2010). Reliability is a matter of the consistency of
research in giving the same result, using a particular technique (Babbie, 2010). It meant that the
analysis methods that the researcher used in this study should be reliable in giving the result. AHP
and t-test were several kinds of the established measures. Therefore, this study has ensured its
reliability by using some established measures (Babbie, 2010).
However, this study noted that there were some biases that influenced the reliability of this study: the
selection of cases and the sampling methods. Even though there was a statement that this study
delivered the contrasting cases, it is found that the selected cases did not have a strong emphasis to
one specific dimension. Thus, this can also be an evidence that it was important to look cautiously for
what had been pre-conceived as problems in the first place. Meanwhile, the sampling method was
purposive (using the relation network of the researchers) and very dependent on their responses. The
low response rate was emerged because the researchers was not being able to ensure whether the
respondents gave feedbacks to the researchers. A face-to-face interaction, might assist to increase the
response rate. Nonetheless, the cases and the participants (respondents that gave feedbacks) still can
be a lesson learned to see the extent of context requirements to play roles in criteria selection.
For the validity, there were several types of validity: face and content validity, concurrent and
predictive validity, and construct validity based on Kumar (2014). Face and content validity was
judged by the extent the questions address the research problems. This kind of validity builds on the
subjective logic. Peer reviewing may cope with the issue, e.g. reviews by colleagues or supervisors.
This study had struggled with the synthesised criteria. The proposed criteria were synthesised
through the analytical framework and clearly defined in the questionnaire (by not using complicated
words), it was important to test the questionnaire before the data collection so the knowledge about
criteria could easily transferrable to the respondents.
Meanwhile, the concurrent and predictive validity emphasises more on the degree of a measurement
to forecast an outcome, and how better a measurement is, compared to another assessment. This type
of validity could be solved by using established methods: AHP to prioritise the criteria and t-test
(paired) to seek for differences among cases. The last one, construct validity focused more on the
quality of the measurement in assessing what it supposes to do. The design of AHP questionnaire and
the operational variable in the questionnaire has managed this validity, by (1) offering a method to
prioritise criteria and (2) providing variables that have theoretically reflected the actual criteria from
the theoretical framework.
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RESULTS
CRITERIA PRIORITISATION
This study tried to prioritise the criteria of sustainability assessment of road infrastructure based on
the stakeholders’ perspective in each context. The data from the questionnaire are organised and
processed through the AHP. As mentioned before, this analysis tried to make a list of ranks among
the criteria, and this study used this analysis to create the distributions of the prioritised criteria
outcomes which are proposed by the stakeholders in the different cases.
The data are separately processed for each person to get the description of prioritised criteria’s
distribution among stakeholders. However, this study also analysed the combined data to get the
description of prioritised criteria’s distribution in each case and summarised the data into a total score
of the outcomes to have a description of the prioritised criteria outcomes per sustainability dimension
of the two contexts. The elaboration of the results of the two cases is presented below.

Prioritised Criteria of Kelok-9 Highway
As described before, Kelok 9 highway is a roadway which connects the city of Padang, West
Sumatera and Pekanbaru, Riau in Sumatera Island, Indonesia. It is a national road that functions
strategically to connect the distribution of goods and services from Riau-West Sumatera-Riau. In this
project, an emphasis on environmental aspect is needed to create a harmonious road development
towards sustainability. The prioritised criteria can be seen in Table 6.
Based on the AHP Analysis from the Expert Choice 11.0, all stakeholders have prioritised the criteria
differently. Urban structure development seemed like the most prioritised criterion since it had a big
amount of eigenvector in the prioritised criteria from three of nine stakeholders, as shown in Table 6.
The reason could be predicted as this criterion related to the urban agglomeration, redistribution of
regional development, and access improvement to market. This road has a vital role as the connector
of the distribution of good and services between two provinces: Riau and West Sumatera, so the aim
of the rehabilitation of this road is to optimise the distribution of market flow between regions. By
this rehabilitation, the access of market has improved, and the regional development between two
provinces can be redistributed. Therefore, this indicated the reason why the urban structure
development seemed to be the most prioritised criterion.
Meanwhile, the other criteria seemed to have great importance in the Kelok-9 highway rehabilitation.
At least there were two of nine stakeholders have evaluated these criteria to have a vital role in the
project of Kelok-9 by the indication of big amounts of the eigenvector, as shown in Table 6. Those
criteria were: immediate effects, land use pattern, physical road construction, intergenerational
effects, and institutional integration. Since this project related to the emphasis on environmental
aspect and located within the protected forest, short-term impact of deforestation, the land use impact
to preserve the ecological network, reversibility of ecosystem changes due to the development, and
resource use efficiency are important. Thus, those explanations were the predicted reasons of why the
stakeholders put these criteria as having great importance in the project.
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Table 6. Number of Stakeholders Who Value the Importance of Criteria in Kelok-9 Case
Criteria

Number of Stakeholders

Physical Road Construction

2

Operational Road Management

1

Land Use Pattern

2

Urban Structure Development

3

Immediate Effects

2

Intergenerational Effects

2

Political Agenda

1

Institutional Integration
2
Note: Prioritised criterion based on three stakeholders (Blue) and two stakeholders (Pink) who consider it more
important (higher eigenvector values among other criteria)
Another way to view the prioritised criteria with a better look is with combining the prioritised
criteria per person together into one combination table of the ranked criteria. To do this, the AHP
software (Expert Choice 11.0) also produced the combined version of prioritised criteria which
calculated the matrix comparison judgement of all stakeholders. From the Table 7, the most
prioritised criterion was land use pattern with the biggest eigenvector value. As mentioned before,
this criterion is predicted as the criterion that had a great importance in the project since this aspect
related to the land use impact of the road rehabilitation to the preservation of ecological network. As
located in the protected forest, an emphasis on the way of road affected to the environmental
conservation seemed to be more obvious in the stakeholders’ judgements in prioritising the criteria.
Relating to the ecological preservation, the intergenerational effects (the reversibility of ecosystem
changes due to the development) also stood as the essential aspect of the project, with a big
eigenvector value. Another important criterion was the operational road management that played a
role in the traffic safety and security. The selection of this criterion as the important one made sense
since this path has nine shape turns that makes the safety aspect becoming important. In conclusion,
it is found that an emphasis on environmental dimension in this criterion became more evident based
on the stakeholders’ judgement in prioritising criteria.
Table 7. Combined Criteria Prioritisation in Kelok-9 Case
Rank

Criteria

Eigenvector

1

Land Use Pattern

16%

2

Operational Road Management

13.7%

3

Intergenerational Effects

13.7%

4

Urban Structure Development

13.5%

5

Immediate Effects

12.9%

6

Institutional Integration

11.5%

7

Physical Road Construction

9.9%

8

Political Agenda

8.8%

Prioritised Criteria of Bali Mandara Toll-Road
As described before, Bali Mandara Toll-Road is a roadway that connects the International Airport
Ngurah Rai in Bali, Benoa Port, and Nusa Dua with the length of 12,7 km above the sea. It is a
national-level road that functions strategically to accommodate the transportation to 32 tourism
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destination in Bali without creating a traffic congestion inside the island. In this project, an emphasis
on the social and economic aspect is needed to create a harmonious road development towards
sustainability. The prioritised criteria can be seen in Table 8.
Similar to the case of Kelok-9, all stakeholders have prioritised the criteria differently based on the
AHP Analysis from the Expert Choice 11.0. Three criteria seemed to be the most prioritised criteria as
they had big amounts of eigenvector based on the stakeholders’ judgement. Those three criteria were:
urban structure development, land use pattern, and intergenerational effects as shown in Table 8. The
urban structure development came out as the most important criterion since it could be predicted as
the way the government developed the economic agglomeration between the three triangle areas
(Nusa Dua, Ngurah Rai, and Benoa) and improved accessibility of market between those areas. The
development of tourism sector has driven this project to be developed and, thus, this criterion has
been considered as the most important criterion since the road could generate economic development
and shape the urban structure of those areas. Therefore, this indicated the reason why the urban
structure development seemed to be the most prioritised criterion.
Meanwhile, land use pattern and intergenerational effects followed as the most important criteria.
The development had influenced the land use pattern of the urban area near the location of the road
since there was a heritage value of a spiritual spot in the Ulun Danu Temple, Lake Beratan, Tabanan.
Thus, this path could lead to the cultural preservation that will protect this site from the potential
traffic congestion. Therefore, this is one of the reasons that the stakeholders chose this criterion as
having a great importance in the project. On the other hand, the intergenerational effects also
followed since this criterion related to the eye of the future for both economic development and
ecological preservation (of the sea). In conclusion, there were some predicted reasons of why the
stakeholders prioritised these criteria in this project which related to the emphasis on the economic
and social dimension.
Table 8. Number of Stakeholders Who Value the Importance of Criteria in Bali Mandara Case
Criteria

Number of Stakeholders

Physical Road Construction

1

Operational Road Management

1

Land Use Pattern

3

Urban Structure Development

3

Immediate Effects

1

Intergenerational Effects

3

Political Agenda

2

Institutional Integration
1
Note: Prioritised criterion based on three stakeholders (Blue) and two stakeholders (Pink) who consider it more
important (higher eigenvector values among other criteria)
Other criteria also seemed to have great importance in the development of Bali Mandara Toll-Road.
At least there were two of eight stakeholders have evaluated these criteria to have a significant role in
this project by the indication of big amounts of the eigenvector, as shown in Table 8. Those criteria
were: political agenda and physical road construction. Since the initiation of this project was related
to the APEC meeting in Bali around 2013, thus the development of this project became more political
(related to political agenda). The motivation to show the way Indonesia has developed was very high
at that time. Thus, the progress of this project is accelerated without actually looking at the provincial
land use plan that had been set before as a planning guideline. The design of the road’s construction
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(related to physical road construction) did matter at that time since the motivation of the
development was to make an icon of Bali's development. Thus, those explanations were the predicted
reasons of why the stakeholders put these criteria as having great importance in the project.
However, similar to the Kelok-9 project, the previous paragraphs could only give an overview and
prediction of the ranked criteria per person. Thus, to look better at the prioritised criteria, combining
the prioritised criteria per person together into one table of the combined version of ranked criteria is
needed. The AHP software (Expert Choice 11.0) has produced this combination of ranked criteria
from all stakeholders. From Table 9, the most prioritised criterion was urban structure development
with a big eigenvector value. As mentioned before, this criterion is predicted as having great
importance in the project since it linked to the improvement of market accessibility for the tourism
sector that drives the urban agglomeration between three areas and shapes the urban structure of
those areas. The second most important criterion was land use pattern since this project would
influence the land use pattern by preserving and protecting the spiritual spot from the potential
traffic congestion. Lastly, the intergenerational effects came out as the third most important criterion
since this project linked to the future development of economy and ecology for the sake of future
generations. In conclusion, it is found that an emphasis on economy and social aspect in this criterion
became more evident based on the stakeholders’ judgement in prioritising criteria.
Table 9. Combined Criteria Prioritisation in Bali Mandara Case
Rank

Criteria

Eigenvector

1

Urban Structure Development

18.1%

2

Land Use Pattern

17.1%

3

Intergenerational Effects

14.4%

4

Political Agenda

12.8%

5

Operational Road Management

11.1%

6

Immediate Effects

9.6%

7

Physical Road Construction

9.1%

8

Institutional Integration

7.8%

CONTEXT COMPARISON
The previous analysis has delivered the predicted explanation on how one case visibly gave more
emphasis to one particular dimension. It also could predict that there was a difference of the
prioritised criteria between two cases (Kelok-9 emphasised on the criteria related to the
environmental aspect, while Bali Mandara was more on the criteria linked to the economic and social
aspect). However, it was not clear enough whether the difference was significant enough and
statistically proven. Therefore, t-test analysis was conducted to demonstrate how significant the
differences. As mentioned in the methodology, there were two approaches in comparing the result
from the first analysis: dimension-comparison and criteria-comparison. For both approaches, this
study used two confidence intervals (CI): 90% and 95% and compared the result between them.

Dimension-based Comparison
In this study, dimension-based comparison tried to compare the summarised outcome (total of
eigenvector x weighing score per person) in each dimension. As mentioned before, this approach is
conducted to show how the stakeholders prioritised the criteria and took a stand in one particular
sustainability aspect among others. Based on the output of SPSS, the results of t-test analysis for each
dimension are shown below.
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Table 10. Dimension-based Comparison (Results of t-test Analysis)
Dimension
CI= 95%, α= 0,05, ttable = 2,131
CI= 90%, α= 0,1, ttable= 1,753
Levene's
0,970  Equal variances
0,970  Equal variances
Summarised
Test
assumed
assumed
Outcome
 Sig. (0,613) > 0,05
 Sig. (0,613) > 0,1
Economy
Results
 ttest (0,516) < ttable (2,131)
 ttest (0,516) < ttable (1,753)
Levene's
0,087  Equal variances
0,087  Equal variances not
Summarised
Test
assumed
assumed
Outcome
 Sig. (0,894) > 0,05
 Sig. (0,894) > 0,1
Social
Results
 ttest (0,140) < ttable (2,131)
 ttest (0,140) < ttable (1,753)
Levene's
0,077  Equal variances
0,077  Equal variances not
Summarised
Test
assumed
assumed
Outcome
 Sig. (0,688) > 0,05
 Sig. (0,867) > 0,1
Environmental Results
 ttest (0,414) < ttable (2,131)
 ttest (0,414) < ttable (1,753)

Interpretation
H0 is accepted, there is no
significant
difference
between both cases (both
in CI= 95% and CI= 90%).
H0 is accepted, there is no
significant
difference
between both cases (both
in CI= 95% and CI= 90%).
H0 is accepted, there is no
significant
difference
between both cases (both
in CI= 95% and CI= 90%).

The results from t-test analysis depended on the value of Sig. (2-tailed) or p-value and ttest. The results
from SPSS were compared with the assigned value (α and ttable) in both confidence interval (90% and
95%) (Table 10 and Figure 12). Based on the table, it is found that the stakeholders did not take a
stand of one particular dimension in specific case (both in CI 95% and 90%). Since the results accepted
H0, there is no significant difference of how the stakeholders gave a score for all three summarised
outcomes both in the case of Kelok-9 and Bali Mandara.
Even though the AHP showed there was a difference in the rank of prioritised criteria, it is concluded
that the difference is not significant and statistically unproven. For instance: it was true that the
stakeholders put more emphasis to the criteria that are related to the environmental aspect in Kelok-9,
but it did not lead the stakeholders to only focus on that aspect. In conclusion, besides of many
limitations in collecting the data, the results showed that the context differences were not statistically
significant. The context requirement, however, is still needed since some criteria have more tendency
in one particular case due to location, local ecosystems, institutional capacities, and many other
things. The dimension-based approach, moreover, did not give the overview of how stakeholders put
more emphasis on one particular criterion in one specific case. Therefore, the criteria-based
comparison is needed to be tested.
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Figure 11. Comparison between ttable and ttest in Dimension-based Approach

Criteria-based Comparison
In this study, criteria-based comparison tried to compare the criteria outcome (eigenvector per
person). As mentioned before, this approach is worked out to give an overview of how differed the
stakeholders ranked the criteria based on their perspective. Based on the output of SPSS, the results of
t-test analysis for each dimension are shown in Table 11.
As mentioned in the previous part, the results from t-test analysis depended on the value of Sig. (2tailed) or p-value and ttest that were compared with the assigned value (α and ttable) in both confidence
interval (90% and 95%) (Table 11 and Figure 13). Based on the table, it is found that there was a
significant difference when stakeholder prioritised the Operational Road Management in both
cases (with CI= 90%). It means that this criterion had a great importance in one case than another.
Based on the AHP analysis, it is found that operational road management played a prominent role in
the Kelok-9 case due to its highway safety and security. Because of its topographical condition, this
road has nine shape turns which are very risky for the drivers to drive along this path. Therefore, it is
predicted that the stakeholders put this consideration into account when they prioritised the criteria
in the Kelok-9 case. This tendency strengthened the need to consider context requirement into
consideration in the decision-making process.
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Table 11. Criteria-based Comparison (Results of t-test Analysis)
Criteria
CI= 95%, α= 0,05, ttable = 2,131
CI= 90%, α= 0,1, ttable= 1,753
Levene's
0,988  Equal variances
0,988  Equal variances
Test
assumed
assumed
Physical Road
 Sig. (0,776) > 0,1
Construction
 Sig. (0,776) > 0,05
Results
 ttest (0,289) < ttable
 ttest (0,289) < ttable (2,131)
(1,753)
Levene's
0,05 Equal variances not
0,05  Equal variances not
Test
assumed
assumed
Operational
Road
 Sig. (0,087) < 0,1
 Sig. (0,087) > 0,05
Management
Results
 ttest (1,872) > ttable
 ttest (1,872) < ttable (2,131)
(1,753)
Levene's
0,48  Equal variances
0,48  Equal variances
Test
assumed
assumed
Land Use
 Sig. (0,812) > 0,1
Pattern
 Sig. (0,812) > 0,05
Results
 ttest (0,242) < ttable
 ttest (0,242) < ttable (2,131)
(1,753)
Levene's
0,68  Equal variances
0,68  Equal variances
Test
assumed
assumed
Urban Structure
 Sig. (0,631) > 0,05
 Sig. (0,631) > 0,1
Development
Results
 ttest (-0,49) > ttable ( ttest (-0,49) > ttable (2,131)
1,753)
Levene's
0,37  Equal variances
0,37  Equal variances
Test
assumed
assumed
Immediate
 Sig. (0,623) < 0,1
Effects
 Sig. (0,623) > 0,05
Results
 ttest (0,502) < ttable
 ttest (0,502) < ttable (2,131)
(1,753)
Levene's
0,841  Equal variances
0,841  Equal variances
Test
assumed
assumed
Intergenerational
 Sig. (0,707) < 0,1
Effects
 Sig. (0,707) > 0,05
Results
 ttest (0,384) < ttable
 ttest (0,384) < ttable (2,131)
(1,753)
Levene's
0,76  Equal variances
0,76  Equal variances
Test
assumed
assumed
Political Agenda
 Sig. (0,412) > 0,05
 Sig. (0,412) < 0,1
Results
 ttest (-0,844) > ttable ( ttest (-0,844) > ttable (2,131)
1,753)
Levene's
0,096  Equal variances
0,096  Equal variances not
Test
assumed
assumed
Institutional
 Sig. (0,163) < 0,1
Integration
 Sig. (0,163) > 0,05
Results
 ttest (1,526) < ttable
 ttest (1,467) < ttable (2,131)
(1,753)
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Interpretation
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).
H0 is rejected, there is a
significant
difference
between both cases (in
CI= 90%).
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).
H0 is accepted, there is
no significant difference
between
both
cases
(both in CI= 95% and
CI= 90%).

Figure 12. Comparison between ttable and ttest in Criteria-based Approach
Even though the AHP showed there was a difference in the rank of prioritised criteria, it is concluded
that the difference is not significant enough as there was only one criterion (out of eight) that is
statistically significant. Another criterion, institutional integration, had a slight difference since there
was an integrated institutional management in the development Bali Mandara case. However, it was
not significant enough to be proven statistically. In conclusion, besides of many limitations in
collecting the data, the results showed that the context differences were not statistically significant.
The context requirement, however, is still needed since it appeared from the results that one criterion
(operational road management) had more tendency in one particular case (Kelok-9) due to
topographical condition and local ecosystems. The criteria-based approach, moreover, gave a
conclusion that there was a significant role of context differences, even though it was only shown by
one criterion. Therefore, context requirement could not be neglected and should become an integral
part of the sustainability assessment of road infrastructure.
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SUMMARY

OF

RESULTS

By comparing Table 7 with Table 9 from the AHP analysis, it is visibly seen that there was a
difference in the prioritised criteria between two cases. The stakeholders have prioritised the criteria
that are related to the environmental dimension (land use pattern and intergenerational effect) in
Kelok-9, while in the case of Bali Mandara the stakeholders have ranked the criterion that is related to
the economic and social aspect (urban structure development) as the most important criterion. The
consistency analysis of two cases has shown that the inconsistency indexes of two cases were very
small: 0.03 for Kelok-9 and 0.02 for Bali Mandara (both cases have the indexes below than 0.1), so the
results were reliable. Thus, it made the result of the AHP was consistent and valid.
However, the differences are statistically unproven, and it triggered the need to conduct t-test in
SPSS. There were two approaches in comparing the prioritised criteria: dimension-based and criteriabased. From the dimension-based approach, the results for both cases showed that there were no
significant differences of how stakeholders gave a score for all summarised outcomes in each
dimension (economy, social, and environmental) (Table 10 and Figure 12). Thus, the results led to the
conclusion that an emphasis on one particular dimension in one case is still needed, even though no
significant difference would happen since all criteria have covered all dimensions. Moreover,
according to the sustainable development concept, a focus on all three aspects indicates
comprehensiveness of the assessment.
Meanwhile, from the criteria-based approach, the results showed that there was a significant
difference when stakeholder prioritised the Operational Road Management in both cases (with CI=
90%) (Table 11 and Figure 13). Based on the AHP analysis, it is found that operational road
management played a prominent role in the Kelok-9 case due to its road safety and security and the
stakeholders are predicted to have this preconceived idea when they ranked the criteria. Thus, the
results put the tendency to consider context requirement into account in the decision-making process.
Therefore, there is a need to put more emphasis and give a more weighted score to one particular
criterion in one particular case, even though further researches for this study are still required.
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CONCLUSION AND DISCUSSION
CONCLUSION
As stated in the introduction chapter, the main research question is:
“To what extent is the selection of sustainability assessment criteria driven by the context requirements of road
infrastructure planning?”
The answer to the main research question is the prioritisation of criteria is driven by the context
requirements, even though it was not significant. As mentioned in the results, there was a difference
in the prioritised criteria between two cases based on AHP analysis. The stakeholders of the Kelok-9
case have prioritised the criteria that are related to the environmental dimension (land use pattern
and intergenerational effect), while the stakeholders of Bali Mandara case have ranked the criterion
that is related to the economic and social aspect (urban structure development) as the most important
criterion. However, the differences are not statistically significant as shown in the results of t-test
analysis. Among two cases, the differences between the summarised outcome of dimension were not
significant, while there was a significant difference in prioritising one criterion (operational road
management).
Nevertheless, the results still showed how the context could drive the selection of assessment criteria.
This research has contributed to fill in a gap in knowledge of how different contexts are necessary to
be considered in doing assessments toward sustainable road infrastructure in particular project cases.
The use of AHP as a tool can reflect the relative weight of each context requirements better, while the
application of it within MAMCA framework assists transparent and legitimate procedures to select
which context criteria are more important. This study highlighted a context-sensitive sustainability
assessment of road infrastructure.
Therefore, considering the context requirements into account in the decision-making process is still
essential, since many studies have emphasised this issue. This study has emerged a lesson learned to
improve existing approaches and tools applied for conducting sustainability assessment of road
infrastructure, especially in Indonesia, while also showing the relative importance of each context that
drive the assessment. Moreover, this study also has demonstrated how the societal problems which
motivate this study could be addressed by using AHP within the MAMCA framework. This study,
under the umbrella of this framework, has offered a comprehensive and transparent set of proposed
criteria. Thus, this study could contribute to improve the transparency, legitimacy, and
comprehensiveness of current sustainability assessment method, especially in Indonesia.

DISCUSSION
In this discussion part, some reflections on the study about methods and concept, societal relevance,
and further research agenda are elaborated. To start with, there was a difference in the prioritised
criteria between two cases. However, the differences varied between the two approaches (dimensionbased and criteria-based). Nevertheless, the results of this study put the tendency to consider the
context requirements into account in the decision-making process, even though further researches for
this study are still needed due to some limitations in this study. Therefore, an emphasis on some
critical issues in the methodology should also be taken into consideration. The selection of cases and
respondents, the clarity of criteria, the pre-test of questionnaire as well as the technique to distribute
the questionnaire should be well-adjusted for the similar researches in the future.
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Moreover, this study will still promote the agenda to introduce context requirement in the
sustainability assessment of road infrastructure even though the results did not align as what had
been hypothesised in the beginning of the study. Many published studies touched upon the issue of
context dependent knowledge in the sustainability assessment. Those studies were: Miller, et al.
(2013), Prugh, et al., (2000), Gibson, (2012), Gazzola, et al., (2011), and Bond & Morrison-Saunders,
(2013). The consideration of local context could have a surge impact to the outcome of the project
since it could enrich the conclusion on ‘what-works’ for the evaluation, become sensitive to the
impact on local context, and be constructed by the related stakeholders in the context. However, this
agenda does not intend to only focus on one dimension, as this study also showed that all criteria had
covered all dimensions to fulfil the comprehensiveness feature of the sustainability assessment
(Hacking & Guthrie, 2008). The aim of sustainable development is to bring together different aspects
of development into consideration (Newman & Kenworthy, 1999; Glavic & Lukman, 2007; Moldan, et
al., 2012; Michelsen, et al., 2016). Moreover, the relationship among dimensions are highly dependent
(Giddings, et al., 2002). Therefore, this agenda only put its step in the way of giving more attention to
the aspects that are highly related to the context without ignoring the other aspects or criteria. This
study believed that this agenda could lead the sustainability assessment to perform better in a specific
project case.
The discussion on context requirements led to a discussion concerning challenges to embrace the
different values in decision makings (Gazzola, et al., 2011; Richardson, 2005). Thus, Multi-Actor
Multi-Criteria Analysis (MAMCA) by Macharis & Bernardini (2015) emerged to deliver the
framework of how the agenda of context requirement becomes an integral part of the sustainability
assessment. AHP technique could be integrated into the Multi-Actor Multi-Criteria Analysis
(MAMCA) since it offers the criteria selection methods by the stakeholders. This agenda could
become a part of stakeholder analysis in this framework so that that context differences could be
taken into consideration. Moreover, this framework has already proven its usefulness in some
transport-related decision-making issues (Macharis, et al., 2012).
This study only tested the significance of context requirements so that this issue can be addressed in
future assessment. In conclusion, the results highlighted the usefulness of AHP tool in combination
with MAMCA framework to address the context requirements in road infrastructure project
assessment. Therefore, further researches can be conducted as a continuous part of this study, for
instance: a deeper investigation of the use of AHP method in the MAMCA and a comparative study
of different alternatives for the road infrastructure.
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APPENDIX

Appendix 1. Questionnaire

Questionnaires:
“The Context Requirements in Sustainability Assessment of Road Infrastructure”

Dear Participant:
My name is Dika Fiisabiilillah and I am a master student at Wageningen UR. For my research project, I examine the
different criteria that promote the context requirements in sustainability assessment of road infrastructure. This study is a
minor thesis under supervision of Land Use Planning (LUP) Group, Wageningen UR. I choose you as a respondent because
you are one of actors or academia that closely involve in decision-making process and/or assessment of road project design
and construction in either (a) Bali Mandara-Toll or (b) Kelok-9 project. The result of this research could be used to
understand contextuality of the criteria applied in different project cases and to improve decision-making processes in
highway/ road planning and design.
The following questionnaire will require approximately 10 minutes to complete. There is no compensation for responding.
To ensure that all information will remain confidential, you are allowed to exclude your name. The copy of your response
in this questionnaire will belong to Land Use Planning Group, Wageningen UR. If you choose to participate in this project,
please answer all questions as honestly as possible and return the completed questionnaires promptly to my e-mail address,
dika.fiisabiilillah@wur.nl. Participation is strictly voluntary and you may refuse to participate at any time.
Thank you for taking the time to assist me in my educational endeavours. The data given using this questionnaire will
provide useful information for me. If you would like a summary copy of this study, please fill in all the informations in the
respondent identity (last page) and return it to me in a scanned format. The questionnaire completion and retun will indicate
your willingness to participate in this study. If you require additional information or have questions, please contact me at the
number listed below.
Sincerely,
Dika Fiisabiilillah
Master Student of Land Use Planning Group, Landscape Architecture and Planning Master Programme, Wageningen UR.
Mobile. +31616680007 and/or e-mail. dika.fiisabiilillah@wur.nl.
Supervisors:
dr. Martha Bakker, Land Use Planning Group, Wageningen UR.
Gede Budi Suprayoga, M.Sc., PhD candidate in Land Use Planning Group, Wageningen UR.
Mobile. +316-17172909 and/or e-mail. gede.suprayoga@wur.nl
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Relative Importance of Sustainability Criteria
A. Instruction:
This questionnaire aims to compare the sustainability criteria for assessing highway/road infrastructure projects
in pairwise comparisons. The respondent NEEDS TO CONSIDER THE RELATIVE IMPORTANCE OF EACH
CRITERION TO THE OTHERS at a particular project case. Give cross (X) or circle (O) on a score ranging from 1
to 9 in each comparative question as exemplified. The scores indicate:
1 = Both are EQUALLY important
3 = One Criteria is SOMEWHAT MORE important than the other one
5 = One Criteria is MUCH MORE important than the other one
7 = One Criteria is VERY MUCH MORE important than the other one
9 = One Criteria is ABSOLUTELY MORE important than the other one
No

Proposed Criteria

1

Physical Road Construction

2

Operational Road Management

3

Land Use Pattern

4

Urban Structure Development

5

Immediate Effects

6

Intergenerational Effects

7

Political Agenda

8

Institutional Integration

Definition
Impact on physical road construction in terms of resource use efficiency (energy and
material), the use of local material, durability of pavement design, the road
maintenance costs, and other related impacts.
Impact on the operational facilities to create the infrastructure functioning safely and
securely for all users, including cyclist and pedestrians
Impact on the arrangement of the land use to maintain livability of people, improve
heritage values of locations, preserve ecological networks, and reduce negative effects
to public health
Impact on the generation of economic growth related to urban structure development
in terms of urban agglomeration, redistribution of regional development, access
improvement to market, and other related impacts.
Short-term and immediate effects of the infrastructure development to regions or
communities in terms of resettlement, resource loss, deforestation, job opportunity
improvement, direct investment flows, and other related impacts.
The long-term process affecting communities and their physical environment which
involves the effects of economic activity development and ecosystem changes and
focuses on the impact reversibility, especially when the ‘turning point’ is reached.
The acknowledgement of different perspectives on issues and expected outcomes
articulated by actors in terms of public security and defense, inter-regional trade,
cultural integration, regional competitiveness, public transportation, and other related
impacts.
Impact on the institutional integration which is represented by different agencies with
their roles and responsibilities to open integrated efforts for the infrastructure
maintenance and operation.

Example:
Which one is more important for the impact of road infrastructure development:
Economic Development

9

7

5

3

40

1

3

5

7 X9

Travel Efficiency

B.

Pairwise comparisons:
Which one is more important for the impact of road infrastructure development:
Physical Road Construction
9 7 5 3 1 3 5 7 9 Operational Road Management
Operational Road Management 9 7 5 3 1 3 5 7 9 Land Use Pattern
Land Use Pattern
9 7 5 3 1 3 5 7 9 Urban Structure Development
Physical Road Construction
9 7 5 3 1 3 5 7 9 Urban Structure Development
Land Use Pattern
9 7 5 3 1 3 5 7 9 Immediate Effects
Physical Road Construction
9 7 5 3 1 3 5 7 9 Land Use Pattern
Operational Road Management 9 7 5 3 1 3 5 7 9 Institutional Integration
Land Use Pattern
9 7 5 3 1 3 5 7 9 Intergenerational Effects
Physical Road Construction
9 7 5 3 1 3 5 7 9 Immediate Effects
Land Use Pattern
9 7 5 3 1 3 5 7 9 Political Agenda
Physical Road Construction
9 7 5 3 1 3 5 7 9 Intergenerational Effects
Urban Structure Development
9 7 5 3 1 3 5 7 9 Immediate Effects
Physical Road Construction
9 7 5 3 1 3 5 7 9 Political Agenda
Urban Structure Development
9 7 5 3 1 3 5 7 9 Political Agenda
Operational Road Management 9 7 5 3 1 3 5 7 9 Intergenerational Effects
Physical Road Construction
9 7 5 3 1 3 5 7 9 Institutional Integration
Urban Structure Development
9 7 5 3 1 3 5 7 9 Institutional Integration
Immediate Effects
9 7 5 3 1 3 5 7 9 Intergenerational Effects
Operational Road Management 9 7 5 3 1 3 5 7 9 Urban Structure Development
Immediate Effects
9 7 5 3 1 3 5 7 9 Political Agenda
Land Use Pattern
9 7 5 3 1 3 5 7 9 Institutional Integration
Operational Road Management 9 7 5 3 1 3 5 7 9 Immediate Effects
Immediate Effects
9 7 5 3 1 3 5 7 9 Institutional Integration
Intergenerational Effects
9 7 5 3 1 3 5 7 9 Political Agenda
Urban Structure Development
9 7 5 3 1 3 5 7 9 Intergenerational Effects
Intergenerational Effects
9 7 5 3 1 3 5 7 9 Institutional Integration
Operational Road Management 9 7 5 3 1 3 5 7 9 Political Agenda
Political Agenda
9 7 5 3 1 3 5 7 9 Institutional Integration

Respondent Identity
1)
2)
3)
4)
5)

Name
Instituion
Position
Email
Case

: _____________________________________
: _____________________________________
: _____________________________________
: _____________________________________
: () Bali Mandara-Toll
() Kelok-9 Sumatera Highway
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Appendix 2. Criteria Construction
Step 1: An extensive literature review to derive the criteria from the sustainability principles
Proposed
Criteria

Criteria from Literature and Policy
Proposed
Principles
from Pope
&
MorrisonSaunders
(2004)

Dimension

Yigitc
anlar
&
Dur,
2010

Chi &
Stone
Jr,
2005


Long-term
economic
health

Communit
y, regions,
‘sense of
place’, and
heritage
Equity and
human
rights

Eco,
Soc



Zheng
, et al.,
2011

Jeon,
et al.,
2013




Muen
ch, et
al.,
2012

Buzasi &
Csete,
2015

Schmale,
et al.,
2015

Miller
, et al.,
2016

Bueno
, et al.,
2015

Calvanca
nti, et al.,
2017





































Umer,
et al.,
2016





Marletto
&
Marmelli
, 2012





Handbook
FS Road,
2005

Handbook
Green
Road, 2015



Economic
Reciliency and
Development



Travel Efficiency





Soc





























Social Welfare
and Equity





Quality of Life

Soc

Biodiversit
y and
ecological
integrity

Env

Settlement
efficiency

Env

Common
good

Soc,
Eco,
Env

























































Air, Light, and
Noise Pollutions











Ecological
Preservation





Scenic Views









Ecological
Footprint
Energy Footprint
and Efficiency












Road Finance
and Investment
Social
Participation and
Cohesion
Land
Acquisition and
Relocation
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Road
Accessibility


Public
Accessibility

Step 2: An analytical framework to derive the criteria that are highly related to road planning

The Analytical Framework of Sustainability Assessment for Road Infrastructure
Source: Adapted and Modified from Witte & Spit (2014)
Step 3: An integration of proposed criteria from both previous steps
No

Proposed Criteria from Analyitical Framework by
Witte & Spit (2014)

1

Physical Road Construction

2

Operational Road Management

3

Land Use Pattern

4

Urban Structure Development

5

Immediate Effects

6

Intergenerational Effects

7

Political Agenda

8

Institutional Integration

Proposed Criteria from Principles by Pope & Morrison-Saunders (2004)











Travel Efficiency
Road Finance and Investment
Ecological Preservation
Travel Efficiency
Quality of Life
Air, Light, and Noise Pollutions
Economic Reciliency and Development
Social Participation and Cohesion
Social Welfare and Equity
Quality of Life




Economic Reciliency and Development
Travel Efficiency


















Economic Reciliency and Development
Travel Efficiency
Road Finance and Investment
Social Participation and Cohesion
Land Acquisition and Relocation
Quality of Life
Economic Reciliency and Development
Travel Efficiency
Road Finance and Investment
Economic Reciliency and Development
Social Welfare and Equity
Ecological Preservation
Economic Reciliency and Development
Travel Efficiency
Road Finance and Investment
Social Participation and Cohesion
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Energy Footprint and Efficiency
Public Accessibility




Ecological Preservation
Public Accessibility








Air, Light, and Noise Pollutions
Ecological Preservation
Ecological Footprint
Road Accessibility
Road Accessibility
Public Accessibility







Ecological Preservation
Ecological Footprint
Energy Footprint and Efficiency
Road Accessibility
Public Accessibility




Ecological Preservation
Road Accessibility




Road Accessibility
Public Accessibility





Air, Light, and Noise Pollutions
Road Accessibility
Public Accessibility

Number of
Literatures
11 Literatures and
1 Policy Document
11 Literatures and
2 Policy
Documents
12 Literatures and
2 Policy
Documents
12 Literatures and
2 Policy
Documents
12 Literatures and
2 Policy
Documents

12 Literatures and
2 Policy
Documents
12 Literatures and
2 Policy
Documents
12 Literatures and
2 Policy
Documents

Appendix 3. Data Collection Procedure
No.

Name

Organisation

1

Samsi

Regional
Infrastructure
Management
Board

2

Hendra
Hendrawan

Assesor
National Road
Planning and
Management
Agency of Bali
National Road
Planning and
Management
Agency of West
Sumatera

3

Hendro Satrio

4

Revrisond

5

Wira

Bali Toll
Enterprise

6

Komang

Local Regency of
Badung

7

Agus Bari

8

Aristiyono
Devri

9

Greece M.

10

Helmi Surya

11

Prof. Wimpi
Santosa

12

Komang
Rasmiati

13

Maulidya
Indah

14

Dayat

15

Awan

16

Yogie
Nugroha

Team Leader/
Green Road
Rating
Ministry of
Agrarian and
Spatial Planning
Team Secretary/
Green Road
Rating
Local
Municipality of
Sawahlunto
Indonesian Road
Development
Union (HPJI)
General
Directorate of
Road Management
Regional
Infrastructure
Management
Board
Coordinating
Ministry of
Economic
National
Development
Agency
Ministry of
Transportation

V

V

GB

Email

OK

Yes

V

V

GB

Email

OK

No

GB

Email

OK

No

GB

Email

NEED
TRANSLATED,
GIVEN

No

GB

Email

NEED
TRANSLATED,
GIVEN

No

DF

Email,
Facebook,
Linkedin,
Whatsapp

OK

Yes

V

V

V

Status

Give Back
Questionnaire?

Sumbar

V

PIC

Communi
cation

Bali

V

V

GB

Email

NO ANSWER

No

V

V

GB

Facebook

OK

Yes

V

V

GB

Email

UNRESPONSIVE

No

V

GB, DF

Facebook,
Wall
Facebook

RESPONDED, NO
FOLLOW UP

No

V

V

GB

Email

OK

Yes

V

V

GB

Facebook

NO ANSWER

No

V

V

GB

Email

NO ANSWER

No

V

DF

Whatsapp

OK

Yes

V

V

DF

Whatsapp

OK

Yes

V

V

DF

Whatsapp

OK

Yes

44

No.

Name

17

Rini Susanti

18

Soraya

18

Adri

19

Azis/Handini

21

Robi Rajani

Organisation

Bali

Local Province of
West Sumatera
Ministry of StateOwned
Enterprises
National
Development
Agency
Research and
Industrial
Affiliation
Institute of ITB
(LAPI ITB)
Ministry of
Environment and
Forestry

Sumbar
V

V

PIC

Communi
cation

Status

Give Back
Questionnaire?

DF

Whatsapp

OK

Yes

DF

Whatsapp

OK

No

V

V

DF

Whatsapp

OK

Yes

V

V

DF

Whatsapp

UNRESPONSIVE

No

V

V

DF

Whatsapp

OK

Yes
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Appendix 4. Results of AHP Analysis
Overview of Stakeholders’ Judgements in Kelok-9 Case (Eigenvector per Criteria per Person)
Rank

Participant 2 (P2)
Criteria

Eigenvector

Participant 3 (P3)
Criteria

Eigenvector

1
2
3

Immediate Effects
Urban Structure Development
Institutional Integration

0.181
0.179
0.164

Institutional Integration
Immediate Effects
Land Use Pattern

0.247
0.241
0.171

4
5
6
7
8

0.124
0.11
0.095
0.093
0.054

Intergenerational Effects
Operational Road Management
Political Agenda
Physical Road Construction
Urban Structure Development
Participant 6 (P6)
Criteria
Physical Road Construction

0.148
0.101
0.042
0.03
0.019

1

Physical Road Construction
Intergenerational Effects
Operational Road Management
Land Use Pattern
Political Agenda
Participant 5 (P5)
Criteria
Intergenerational Effects

2

Political Agenda

3
4
5
6
7
8

1
2

Land Use Pattern
Immediate Effects
Institutional Integration
Urban Structure Development
Operational Road Management
Physical Road Construction
Participant 8 (P8)
Criteria
Land Use Pattern
Intergenerational Effects

3
4
5

Urban Structure Development
Institutional Integration
Operational Road Management

0.144
0.128
0.105

Physical Road Construction
Operational Road Management
Land Use Pattern

0.18
0.107
0.039

6
7
8

Physical Road Construction
Immediate Effects
Political Agenda

0.09
0.064
0.055

Urban Structure Development
Intergenerational Effects
Institutional Integration

0.024
0.023
0.016

Rank

Rank

Eigenvector
0.295

Eigenvector
0.332

0.22

Operational Road Management

0.264

0.128
0.11
0.105
0.083
0.035
0.025

Urban Structure Development
Land Use Pattern
Institutional Integration
Immediate Effects
Intergenerational Effects
Political Agenda
Participant 9 (P9)
Criteria
Political Agenda
Immediate Effects

0.159
0.085
0.066
0.049
0.027
0.018

Eigenvector
0.209
0.204

Eigenvector
0.392
0.219

Participant 4 (P4)
Criteria
Eigenvector
Urban Structure
Development
0.322
Land Use Pattern
0.179
Intergenerational Effects
0.179
Operational Road
Management
0.092
Immediate Effects
0.081
Institutional Integration
0.055
Political Agenda
0.047
Physical Road Construction
0.046
Participant 7 (P7)
Criteria
Eigenvector
Land Use Pattern
0.275
Urban Structure
Development
0.269
Operational Road
Management
0.172
Institutional Integration
0.116
Intergenerational Effects
0.069
Political Agenda
0.048
Immediate Effects
0.026
Physical Road Construction
0.025
Participant 10 (P10)
Criteria
Eigenvector
Physical Road Construction
0.196
Intergenerational Effects
0.162
Operational Road
Management
0.161
Immediate Effects
0.143
Land Use Pattern
0.118
Urban Structure
Development
0.089
Institutional Integration
0.081
Political Agenda
0.049

Footnote: Prioritised criterion based on three actors (Blue) and two actors (Pink)
Overview of Stakeholders’ Judgements in Kelok-9 Case
(Summarise Outcome = Eigenvector x Weighting Score)
Participants
P2
P3
P4
P5
P6
P7
P8
P9
P10

Economy
12.192
8.026
6.491
6.753
6.36
7.269
8.855
6.568
10.196

Social
10.721
8.563
5.951
2.047
4.42
6.975
9.253
4.415
8.781
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Environmental
10.165
7.693
6.17
1.779
7.268
7.572
10.608
4.335
11.581

Overview of Stakeholders’ Judgements in Bali Mandara Case
Rank
1
2
3
4
5
6
7
8
Rank
1
2
3
4
5
6
7
8
Rank
1
2
3
4
5
6
7
8

Participant 2 (P2)
Criteria
Urban Structure Development
Immediate Effects
Land Use Pattern
Intergenerational Effects
Operational Road Management
Political Agenda
Institutional Integration
Physical Road Construction
Participant 5 (P5)
Criteria
Political Agenda
Intergenerational Effects
Land Use Pattern
Immediate Effects
Urban Structure Development
Institutional Integration
Physical Road Construction
Operational Road Management
Participant 9 (P9)
Criteria
Physical Road Construction
Political Agenda
Urban Structure Development
Operational Road Management
Land Use Pattern
Immediate Effects
Intergenerational Effects
Institutional Integration

Eigenvector
0.312
0.159
0.146
0.121
0.099
0.074
0.057
0.032
Eigenvector
0.229
0.192
0.152
0.129
0.128
0.091
0.047
0.032
Eigenvector
0.388
0.16
0.142
0.121
0.102
0.068
0.01
0.01

Participant 3 (P3)
Criteria
Intergenerational Effects
Political Agenda
Immediate Effects
Operational Road Management
Physical Road Construction
Institutional Integration
Land Use Pattern
Urban Structure Development
Participant 7 (P7)
Criteria
Urban Structure Development
Political Agenda
Land Use Pattern
Operational Road Management

Eigenvector
0.321
0.189
0.184
0.113
0.067
0.052
0.045
0.029
Eigenvector
0.26
0.222
0.201
0.126

Institutional Integration
0.083
Intergenerational Effects
0.059
Physical Road Construction
0.024
Immediate Effects
0.024
Participant 11 (P11)
Criteria
Eigenvector
Physical Road Construction
0.247
Immediate Effects
0.188
Urban Structure Development
0.175
Political Agenda
0.127
Institutional Integration
0.114
Operational Road Management
0.063
Intergenerational Effects
0.051
Land Use Pattern
0.035

Participant 4 (P4)
Criteria
Urban Structure Development
Land Use Pattern
Intergenerational Effects
Immediate Effects
Operational Road
Management
Physical Road Construction
Institutional Integration
Political Agenda
Participant 8 (P8)
Criteria
Land Use Pattern
Institutional Integration
Urban Structure Development
Intergenerational Effects
Operational Road
Management
Physical Road Construction
Immediate Effects
Political Agenda

Footnote: Prioritised criterion based on three actors (Blue) and two actors (Pink)
Overview of Stakeholders’ Judgements in Kelok-9 Case
(Summarise Outcome per Dimension = Summarised of Eigenvector per Criteria x Weighting Score)
Participants
P2
P3
P4
P5
P7
P8
P9
P11

Economy
7.307
6.334
8.81
9.352
8.653
4.774
5.821
9.73

Social
6.179
5.823
8.086
8.784
7.446
5.624
3.874
7.301
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Environmental
5.762
6.509
9.24
8.06
7.019
6.366
5.779
7.251

Eigenvector
0.23
0.189
0.185
0.135
0.1
0.087
0.043
0.031
Eigenvector
0.358
0.158
0.151
0.136
0.091
0.054
0.027
0.025

Appendix 5. Results of t-test Analysis
1.

Output per Dimension (Normalised, α= 5%)
Independent Samples Test
Levene's Test for
Equality of Variances

t-test for Equality of Means
95% Confidence Interval of
Sig. (2-

F
Summarised

Equal variances

Outcomes

assumed

Economy

Equal variances

,001

Sig.

t
,970 ,516

not assumed
Summarised

Equal variances

Outcomes Social

assumed

3,349

not assumed
Equal variances

Outcomes

assumed

Environmental

Equal variances

3,602

2.

the Difference

Difference

Lower

Upper

,613

,481264

,932114

-1,505489

2,468017

,520 14,991

,611

,481264

,926264

-1,493128

2,455656

15

,894

,152153

1,125358

-2,246492

2,550798

,140 12,821

,891

,152153

1,089146

-2,204150

2,508456

15

,698

,465194

1,176188

-2,041790

2,972179

,414 10,497

,687

,465194

1,122423

-2,019761

2,950150

,077 ,396

not assumed

tailed) Difference

Std. Error

15

,087 ,135

Equal variances
Summarised

df

Mean

Output per Dimension (Normalised, α= 10%)
Independent Samples Test
Levene's Test for
Equality of Variances

t-test for Equality of Means
90% Confidence Interval
Sig. (2-

F
Summarised

Equal variances

Outcomes

assumed

Economy

Equal variances

,001

Sig.

t
,970

not assumed
Summarised

Equal variances

Outcomes Social

assumed

3,349

,087

Equal variances
not assumed
Summarised

Equal variances

Outcomes

assumed

Environmental

Equal variances
not assumed

3,602

,077

,516

df

tailed)

Mean

Std. Error

Difference Difference

15

,613

,481264

,932114

,520 14,991

,611

,481264

,926264

,135

15

,894

,152153

1,125358

,140 12,821

,891

,152153

1,089146

,396

15

,698

,465194

1,176188

,414 10,497

,687

,465194

1,122423
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of the Difference
Lower

Upper
-

1,152778
1,142590
1,820657
1,778715
1,596722
1,559423

2,115306
2,105118
2,124963
2,083021
2,527111
2,489812

3.

Output per Criteria (Normalised, α= 5%)
Independent Samples Test
Levene's Test for Equality
of Variances

t-test for Equality of Means
95% Confidence Interval
Sig. (2-

F
Physical Economy

Equal variances

Outcomes

assumed

,000

Sig.

t
,988

,289

Equal variances
assumed

4,537

not assumed
Land Use Economy

Equal variances

Outcomes

assumed

,526

-,339936

,446686

,289 14,661

,777

,053375

,184834

-,341384

,448134

15

,092

,165444

,092055

-,030766

,361655

1,872 11,485

,087

,165444

,088363

-,028044

,358933

15

,812

,037139

,153290

-,289592

,363870

,241 14,338

,813

,037139

,154156

-,292762

,367040

15

,631

-,086375

,176181

-,461896

,289146

-,493 14,989

,629

-,086375

,175105

-,459627

,286877

15

,623

,075139

,149578

-,243680

,393957

,511 14,728

,617

,075139

,147177

-,239069

,389346

,384

15

,707

,066097

,172220

-,300980

,433175

,384 14,814

,706

,066097

,172072

-,301066

,433261

15

,412

-,132653

,157128

-,467564

,202258

-,841 14,524

,414

-,132653

,157676

-,469692

,204386

15

,163

,186028

,126773

-,084182

,456237

1,526 11,730

,153

,186028

,121866

-,080176

,452231

,480

,242

not assumed
Equal variances

Economy Outcomes

assumed

,177

,680

Equal variances
not assumed
Immediate Economy Equal variances
Outcomes

assumed

,854

-,490

,370

,502

Equal variances
not assumed
Intergenerational

Equal variances

Economy Outcomes

assumed

,042

,841

Equal variances
not assumed
Political Economy

Equal variances

Outcomes

assumed

,097

Equal variances
not assumed
Institutional

Equal variances

Economy Outcomes

assumed
Equal variances
not assumed

3,149

,760

Upper

,184527

Equal variances
Urban Structure

of the Difference
Lower

,053375

,050 1,797

Equal variances

Difference Difference

,776

not assumed
Economy Outcomes

tailed)

Std. Error

15

Equal variances
Operational

df

Mean

-,844

,096 1,467
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4.

Output per Criteria (Normalised, α = 10%)
Independent Samples Test
Levene's Test for
Equality of Variances

t-test for Equality of Means
90% Confidence Interval of
Sig. (2-

F
Physical Economy

Equal variances

Outcomes

assumed

,000

Sig.

t
,988

Equal variances not
assumed
Operational

Equal variances

Economy

assumed

Outcomes

Equal variances not

4,537

Equal variances

Economy

assumed

Outcomes

Equal variances not

,526

,480

assumed
Urban Structure

Equal variances

Economy

assumed

Outcomes

Equal variances not

,177

,680

assumed
Immediate

Equal variances

Economy

assumed

Outcomes

Equal variances not

,854

,370

assumed
Intergenerational

Equal variances

Economy

assumed

Outcomes

Equal variances not

,042

,841

assumed
Political Economy

Equal variances

Outcomes

assumed

,097

Equal variances not
assumed
Institutional

Equal variances

Economy

assumed

Outcomes

Equal variances not
assumed

3,149

,760

tailed)

Std. Error

Difference Difference

the Difference
Lower

Upper

15

,776

,053375

,184527

-,270111

,376861

,289 14,661

,777

,053375

,184834

-,271141

,377891

15

,092

,165444

,092055

,004067

,326822

1,872 11,485

,087

,165444

,088363

,007366

,323523

15

,812

,037139

,153290

-,231587

,305865

,241 14,338

,813

,037139

,154156

-,233925

,308203

15

,631

-,086375

,176181

-,395229

,222479

-,493 14,989

,629

-,086375

,175105

-,393358

,220608

15

,623

,075139

,149578

-,187079

,337357

,511 14,728

,617

,075139

,147177

-,183184

,333462

,384

15

,707

,066097

,172220

-,235813

,368007

,384 14,814

,706

,066097

,172072

-,235802

,367996

15

,412

-,132653

,157128

-,408107

,142801

-,841 14,524

,414

-,132653

,157676

-,409662

,144356

15

,163

,186028

,126773

-,036211

,408266

1,526 11,730

,153

,186028

,121866

-,031590

,403646

,050 1,797

assumed
Land Use

,289

df

Mean

,242

-,490

,502

-,844

,096 1,467
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