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ABSTRACT: Multicriteria Decision Analysis (MCDA) has been integrated with GIS modelling by many studies to
aid the decision-making process. This integration enhances modelling by incorporating spatial relationships and using
advanced techniques, including the combination of Frequency Ratio (FR) and Analytical Hierarchical Process (AHP),
also known as FR-AHP. Although methods like Two-Steps Floating Catchment Area (2SFCA), AHP, and FR are widely
applied in measuring accessibility, they have limitations in terms of threshold sensitivity and subjectivity. Hence, this
study used FR-AHP, which combines the data-driven strength of FR and the structured decision-making technique of
AHP to provide a more reliable evaluation of spatial accessibility. This study aims to integrate FR-AHP with GIS to
derive campus spatial accessibility in Shah Alam. Campus spatial accessibility can be measured by using location and
distance between origin and destination, topological accessibility for nodes and paths, and contiguous accessibility for
surfaces. Understanding these concepts is crucial for determining the appropriate technique. This study utilized MCDA,
GIS-based FR, and AHP methods to model spatial accessibility in active mobility and public transport areas, calculating
estimation index values and analyzing comparisons between physical factors. A sample survey was conducted among
the university’s students to gather information on their origin and destination, as well as the type of transportation used
by students. The data were used in calculating the weightage of each physical factor using the FR-AHP method. Then,
the Campus Spatial Accessibility Index (CSAI) was determined by using GIS Index Modelling. By using the model, the
index was classified into five (5) classes from Very Low to Very High. The results show that Section 2 has the highest
accessibility, while the area with the lowest accessibility index is Jalan Zamrud and Jalan Permata, located in Section 7. To
analyze the efficiency of FR-AHP, the CSAI was also derived using the weightage derived from FR only. The comparisons
revealed that the results derived using FR-AHP are closer to reality than those derived using FR only, as it incorporates
human preferences in accessibility. Hence, the findings suggest that the integration of FR-AHP could provide better
CSAI than FR only.
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1 Introduction

Walking and cycling are known as active transport that use physical movement involving walking on
foot and non-motorized vehicles. Active transport can be categorized as sustainable transport because it can
decrease noise from motorized vehicles and air pollution. It offered individual and community health and
well-being [1,2]. These days, active transports are used to enhance the accessibility of public transportation
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services. The journey to access public transportation is known as the First and Last Mile (FLM), where active
transport is one of the mediums. It is important to ensure the public transport is accessible by using active
transport. Hence, one of the key concepts for measuring this is spatial accessibility.

Spatial accessibility for active and public transportation is an analysis using a GIS-based model in order
to determine the accessibility of transportation in the study area. The method to measure Spatial Accessibility
depends on the factors used. Spatial accessibility can be used in transportation planning to analyze the
relationship between transportation and physical factors, and also to study the impact of transportation
policies [3].

There are several methods that have been applied widely in measuring spatial accessibility, with each
having advantages and limitations. The first technique is the Two-Step Floating Catchment Area (2SFCA),
which is known for its capacity to incorporate the supply and demand in measuring accessibility. However, it
is highly sensitive to the selection of catchment thresholds and neglects other important criteria in measuring
accessibility, such as socio-economic. Analytical Hierarchical Process (AHP), on the other hand, is one of
the most popular Multicriteria Decision Analysis MCDA methods as it provides a systematic framework
for measuring accessibility based on human preferences on multiple criteria. However, it has limitations
due to potential inconsistencies in the decision-making process. The third technique, Frequency-Ratio
(FR), is a data-driven method that objectively quantifies the relationships between influencing factors and
accessibility; however, it does not incorporate human preferences in the process.

Due to these methodological gaps, the ensemble method of FR-AHP has been proposed, which is
capable of integrating the empirical rigor of FR with the structured multicriteria framework of AHP,
thereby producing a more comprehensive and reliable measure of spatial accessibility. In this study, spatial
accessibility was measured by using the MCDA concept with GIS-based FR and AHP methods. FR were used
to calculate the estimation index values between physical factors and the study area, combined with AHP to
analyze the accessibility and produce an accessibility model. With these two methods, the accessible area of
active transportation and public transport was found.

Thus, this study was conducted aiming to measure the Campus Spatial Accessibility Index (CSAI) for
active mobility and public transportation around a public university in Shah Alam (Fig. 1). The factors and
the impact of physical factors were used to analyze the accessibility and were used to create the CSAI map.
From the CSAI map, the accessibility map of active mobility and public transportation around the campus has
been produced, referring to the suitable location with access to active and public transportation accessibility.
The CSAI maps could help students become more familiar with accessing the campus.
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Figure 1: Study area

2 Literature Review
2.1 Spatial Accessibility

Active transportation is non-motorized and fully relies on human power for travel. Some examples of
active transportation are walking, skateboarding, and cycling. Walking is a physical movement that involves
movement by foot, and cycling is a movement using non-motorized vehicles such as bicycles. Therefore,
active transportation is a movement that offers many benefits in terms of health and a sustainable transport
network. Walking is an ideal activity for people as it is a safe, accessible, and cost-free activity [4]. For example,
some people preferred to walk and cycle to the nearest areas, such as school, the shop lot, and also walk inside
the shopping mall. It also helps in improving the air quality and improving vibrancy and livability since there
are no vehicles used on roads.

Spatial accessibility for active transportation can be referred to as a distinctive measurement that
connects two locations and the spatial distribution of physical movement with the networks of transport
systems. Nowadays, the increasing population in Malaysia results in an increasing number of vehicles on the
road. However, traffic congestion makes people choose active transport as their main transportation to reach
the destination [5,6]. Unfortunately, there is a weakness in terms of the accessibility of active transportation.
The accessibility of active transportation could be affected by several factors, such as construction and road
network, which leave people with no other choice but to use motorized vehicles to move [7]. Therefore,
people in the area may find it difficult to use active transportation as their main mode of transportation due
to the lack of accessibility. Promoting active transportation requires a high understanding of accessibility
indicators, which is useful for planning and evaluating accessibility [8].



754 Revue Internationale de Géomatique. 2025;34

Public transportation is an important element of a public transportation system that allows mobility
without the need to use any private vehicle, such as a car or motorcycle, especially when the distance is too
great for active mobility [9]. Public transportation also includes active transportation, where people need
to walk or cycle to reach the public transportation station or transit stop [10]. For example, people with
limited accessibility to public transportation need to walk or cycle to the end location of public transportation
stations, such as bus terminals, commuter stations, and bus stops. This is due to the different service coverage,
irregular service frequencies, limited infrastructure supporting the first-last mile, as well as connectivity
issues between the services in several demand areas, which then lead to inequitable access [11].

Access to public transport should be improved to facilitate the movement of people to public transport
stations closer to their residential areas [12]. Usually, most public transport stations are close to urban areas,
and the residents in this area can access public transport stations easily. However, with the use of spatial
accessibility measurement, it is possible to find areas with low accessibility, so that they can be further
improved to enhance the FLM and promote a seamless travel experience when using public transportation.
Hence, with spatial accessibility, car-reliance may be reduced as more people will use public transport to
travel, resulting in a more sustainable city and lifestyle, which is the global goal these days.

Facilities and amenities should be accessible by active transportation to enhance walkability [13]. It
includes access network from the demand point to the destination. University campus is one of the education
facilities in urban area. Hence, campus spatial accessibility could be used to measure the accessibility from
the campus into the nearest area around the campus. In campus spatial accessibility, the demand point could
be the areas around the campus. The accessibility analysis aims to find out and analyze the access from
the area near the campus to the campus [14]. The determination of campus spatial accessibility for active
transportation can help students choose walking or cycling as their transportation to the campus, as walking
and cycling activities can be beneficial to health, such as reducing body weight and promoting a healthy
lifestyle [15,16].

There are four (4) factors to determine the quality of public transportation services, which include
accessibility, availability, affordability, and acceptability [17]. Spatial accessibility allows students to make a
choice whether to use a public transportation service, such as a public bus, or use other public transportation
to reach the destination. The spatial accessibility is important as planning, preparation, and waiting time are
needed to access a facility [18]. Campus spatial accessibility could also provide access for students to reach
nearby locations such as the shop lots near campus areas. Therefore, campus spatial accessibility is beneficial
for students to move around the nearby campus areas by using alternative active transportation routes or
public transportation routes that have been defined using spatial accessibility.

The aim of this measurement is to identify areas with low accessibility so that they can be improved.
There are many factors influencing the accessibility, including physical factors. The determination of physical
factors that affect travel behavior is a key in modelling transport accessibility [19]. From previous studies,
there are various factors listed as factors that can be used to find the area of accessibility. The factors used
to measure transport accessibility for university students include population density, intersection density,
building density, public transport service area, land use, slope, and elevation. All the factors were selected
based on the structure near the study area. The selection factor of population density is to measure the
number of households and the number of students in the area. Meanwhile, intersection density was chosen to
measure the walkability of connecting streets. The factor of building density can be used to study the location
areas, such as residential areas, shop lot areas, and also to determine active transport movement. In order to
determine the accessibility of public transportation, the public transport service area is used to measure the
accessibility from the demand area. Public transport accessibility will be evaluated by estimating the distance
from the nearest public station to the demand area, such as the campus area. The factors of land use, slope,
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and elevation a natural environment that is used in determining a surface that is easy to use as an accessibility
area. With a combination of these factors, the accessibility index can be known and determined.

There are also other factors that are used as factor influence the accessibility. The factors used to
measure accessibility are the frequency of proximity stops, time, cost, destination, user’s need, and choice
of transport [19,20]. The selection of proximity stops and the trip frequency factor is used to determine the
frequency of public transport stops at an access point. This factor is the common accessibility elements to
analyze the situation and is used for planning and verifying the efficiency of measures [19,20]. Next, the
influencing factor of the destination will affect the cost rate of accessibility. The destination chosen by people
will determine the possibility and estimated time required to reach the destination, and also the cost that
will be incurred throughout the journey. Other than that, the choices of transport mode will also give a
prediction for travel speed and duration. Considering all the factors above, the analysis of accessibility can
be conducted.

2.2 GIS in Measuring Spatial Accessibility

Measuring campus spatial accessibility relies on two (2) main concepts, which are location and distance
between origin and destination. In addition, it is also important to consider the type of spatial accessibility,
such as topological accessibility to measure nodes and paths, and second, the contiguous accessibility
to measure accessibility over a surface. Therefore, the concept and category of spatial accessibility are
important elements in determining the technique that will be used to measure the spatial accessibility. Next,
connectivity and total accessibility are the basic elements that need to be involved in measuring accessibility.

There are various techniques that could be used to measure campus spatial accessibility by using a GIS-
based model. There are several things that need to be considered in choosing a suitable technique, such as
the type of accessibility that needs to be measured, the connectivity of accessibility, the equation used to
measure the accessibility, and the geographic and potential accessibility [21]. In defining accessibility, the
impact of infrastructure and transport development needs to be considered because accessibility is linked
with economic and social opportunities [22]. The ability of a location to be reached from various locations
is measured by its accessibility. Therefore, a significant factor in determining accessibility is the capacity and
configuration of the transportation infrastructure.

To measure accessibility, the shortest paths between two different locations need to be calculated. The
shortest paths of accessibility can be calculated with the minimum number of paths, and the accessibility
measurement is known as the Shimbel accessibility matrix (D-matrix). This matrix provides the minimum
distance between each node of the network for measuring spatial accessibility. Spatial accessibility considers
that the accessibility of a location is a summation of all distances between different locations.

2.2.1 Two-Step Floating Catchment Area (2SFCA)

The Two-Step Floating Catchment Area (2SFCA) is a commonly used method to measure spatial
accessibility [23]. It has been used in a number of recent studies in measuring spatial accessibility [23-26].
This method was used to define the catchment areas within a specific distance from demand points. The
measurement of spatial accessibility by using 2SFCA methods for multiple transportation modes will provide
more realistic accessibility compared to single-mode methods. In measuring spatial accessibility, 2SFCA is
one of the methods to advance the quality of spatial accessibility measurement.

In the 2SFCA method, the catchment area is defined as the demand area of accessibility into destination
areas. With various improvements of 2SFCA methods, such as improvements in distance-decay functions,
variable catchment area, the effect among demanders or facilities, and the improvements of multiple types
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of transportation, this method is more powerful and strengthens the capability of the 2SFCA method for
different types of data. Based on previous studies, the advancement of the 2SFCA method was measured by
two steps: first, the supply-to-demand ratios for each facility were searched within the catchment areas, and
second, the sum of all supply-to-demand ratios of all facilities that are located in the catchment area.

2SFCA could aid in the evaluation of accessibility by considering both the supply and demand repre-
sented by the population within a catchment area. Although the method is straightforward, its effectiveness
is highly dependent on the threshold chosen for the measurement. In addition, the method tends to
oversimplify accessibility by only focusing on the spatial proximity while disregarding the other factors that
may influence accessibility, including socio-economic and behavioral factors.

2.2.2 Frequency Ratio (FR)

There are various methods in Bivariate Statistical Analysis (BSA) such as Weight of Evidence (WoE),
Evidential Belief Functions (EBFs), and Frequency Ratio (FR). FR is one of the simple bivariate statistical
methods to implement with accurate results [27]. FR was used to determine the relationship between two
variables, such as the main studies and the conditioning factors. The bivariate statistical model expresses the
possibility of two variables occurring [19]. For example, FR analysis can be used to determine the relationship
between campus spatial accessibility and the physical factors. FR is a famous bivariate statistical model and
is frequently used to measure and explain the occurrence of various natural hazards in various fields.

FRis also known as the weightage of parameter values from the frequency ratio model and an equation
created using the logistic regression model to create the susceptibility map [28]. FR can be measured using
various types of equations according to the data that needs to be calculated. Analytical Hierarchical Process
(AHP).

AHP is an MCDA weighing method that can be used to determine the main alternative decisions by
comparing the decision of physical factors. AHP can also be defined as an MCDA technique that can be used
to determine the priorities of alternative decisions by comparing the decision criteria. The AHP is the most
comprehensive method of MCDA [29,30].

AHP can be used based on three (3) principles, such as decomposition, comparative judgment, and
synthesis of priorities [29,30]. In the decomposition principle, a decision problem needs to be decomposed
into a hierarchy to capture the essential elements of the problem. For the comparative judgment principle,
an assessment of pairwise comparisons of the elements within the given level of the hierarchical structure
according to the main of the next-higher level. The pairwise comparison method uses a scale between 1and 9
to rate the preferences with respect to a pair of criteria [29]. The principle of synthesis aims to combine each
of the derived ratio-scale and priorities into the various levels of hierarchy, and it also constructs a composite
set of priorities for the elements at the lowest level of the hierarchy. For spatial accessibility measurement,
AHP was used to determine the relative significance of different physical factors in combination with the FR
method, which will be further discussed in the next section [19].

2.2.3 FR-AHP

The combination of FR-AHP is an ensemble modeling technique. The FR-AHP is a joining technique
that joins two different models into one model to develop predictive capability [31-34]. The weightage of
each parameter was calculated using one model, AHP, through the pairwise comparison method. The AHP
method is used to assign the most important weights to each parameter after normalizing the Eigenvector
(EV) values from inconsistent pairwise comparison matrices. In comparison, the FR model can be defined
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as the proportion of parameters for each input layer as the ratio of each pixel in a category of a class of
factor [32].

Given the limitations of other methods as discussed in this section, there is a clear need for an approach
that balances both objectivity and subjectivity in the measurement of spatial accessibility. The FR-AHP
method provides this integration by combining the statistical robustness of FR with the structured expert-
driven framework of AHP. FR objectively identifies the relative importance of factors based on observed
data, while AHP allows expert input to refine and adjust weights according to local priorities and contextual
realities. This complementary framework mitigates the subjectivity of AHP and the rigidity of FR, resulting
in more reliable and policy-relevant measures of accessibility.

3 Methodology

Fig. 2 shows the workflow of the methodology used in deriving the CSAI. After the factors had been
determined, the data collection started to derive Trip Location Data, which was then used to develop the FR
model, and then, combined with AHP to measure the weightage for each of the factors. Then, the weightage
was used as parameters in deriving an index model for the CSAI by using Weighted Overlay Analysis (WOA).

Trip Location Data

Frequency
Ratio model

Primary
Field Survey

GIS-based
processing

Relative frequency
Predictor rates

Physical Factors

AHP model

Weighted Physical
Factors

Weighted
Overlay Analysis

Criterion maps

Figure 2: Methodology workflow

3.1 Identifying Physical Factors Influencing Campus Spatial Accessibility Index (CSAI)

Based on a literature review from previous journals, the parameters and methods used for this study
were determined. The physical factors used in this study are Slope, Elevation, Building Density, Population
Density, Land Use, Intersection Density, Travel Time, and Public Transport Services Area. They had been
approved by an expert, also, suitable for the conditions around the university. The factors used in this study
are described in Table 1.
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Table 1: Physical factors influencing CSAI

Physical factors

Definition

Intersection density
Building density
Origin and destination
Population density
Bus stop service area
Travel time
Elevation density

Slope density
Land use

Measure of the connectivity of the roadway, sidewalk, and bike
lane system.
Concentration of buildings in a specific area, such as a
residential area or retail density.
The distance between two locations, from the origin to the
destination.
Number of populations in an area, including residential and,
commercial areas.
The availability of the bus stop location connects to the origin
and destination.
Time taken to reach the destination from the origin based on the
route speed limit.
The height of areas, also known as distance above sea level.
A gradient of a land surface, inclination, and steepness.
The description of human use of land.

3.2 Data Collection
3.2.1 Spatial Data Collection

The spatial data needed in this study represent the physical factors influencing the CSAI on the
ground. Table 2 summarizes the spatial data needed and the sources of them.

Table 2: Spatial data required for this study

Physical factors Data required Format Source(s)
Intersection density Roads Shapefile OpenStreetMap
Building density Building Shapefile OpenStreetMap
Population density Population Attribute data ~ ArcGIS online
Public transport service area  Bus stop location Shapefile OpenStreetMap
Travel time Routes speed limit ~ Attribute data ~ TomTom Move
Elevation density Elevation Raster image = Open Topography
Slope density Elevation Raster image = Open Topography
Land use Land use Shapefile OpenStreetMap
3.2.2 Sample Survey

The sample survey aimed to determine the trip location data among students and to gather information
about the types of transportation that are often used among students in the public university in Shah Alam.
The primary data from the students are important in order to achieve the objective of this study, which
focuses on accessibility on campus. Therefore, from the sample survey, the origin and destination that are
always used by the students were also determined.

Trip data locations were obtained by distributing a sample survey to all students in the public university.
The main objective of the sample survey is to determine trip location data among the public university’s
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students. The questions asked in this sample survey are about the most requested transportation used by
students to attend class. The respondents for this survey include students who stayed on campus and off
campus. In the sample survey, students chose the type of transportation that was used as the main choice for
them to attend the class between public transport, including buses that have been provided by the university,
or students preferred to attend class by active transport such as walking and cycling. Students also chose the
combination of public transport and active transport if they are used to both transportation systems.

In addition, the sample survey also includes the origin and destination point locations of trips.
Origin was classified as on-campus colleges or rented houses for off-campus accommodation, meanwhile,
destination was classified as a location for students to attend, such as faculty buildings in the public university,
commercial areas located at Section 7, Section 2, Section 3, Section 15, and Section 16. The questions that were
asked were to find out the destination of demand from students and the type of transportation that students
usually use to get to a certain place.

In this study, the respondents were among the public university’s students, and the population on this
campus is large. Therefore, the calculation of sample size is to determine the average number of students on
the campus, including the number of students who did not answer the sample survey. In 2019, the population
of the public university’s students was recorded as 160,957, and this number was used to calculate the sample
size. With the larger number of students in the public university, the minimum number of respondents
required is at the 95% confidence level. The assumption of confidence level with a normal distribution due
to the response of a large population size [19].

The equation was used to calculate the Sample Size of respondent from sample survey where # is the
minimum sample size, z is z-statistic of given confidence level, which is the value of confidence level for
95% is 1.96 according to z-statistic table, p is a standard deviation, e is margin of error which is 0.05 and
N is population size, 160,957 students in the public university in 2019. Based on the calculation using Eq.
(1), the number of respondents needed for primary data collection was 384. However, during this study, 394
respondents answered this sample survey.

3.3 Criterion Weightage Calculation Using FR-AHP Methods
3.3.1 Trip Location Data

The data that has been collected from the sample survey distribution were the mode of transportation
used by students, the number of students who use public transport or active transport, as well as the number
of students who use a combination of active and public transport. According to the sample survey that has
been distributed, students have given information about the location of origin and destination that are most
visited by students. The percentage of transportation type used by students in the public university in Shah
Alam is 57.9% went to their destination by their own transportation, such as car and motorcycle, 23.4% used
public transportation, 13.7% of students used buses, and the remaining 3.3% chose E-Hailing.

3.3.2 Frequency of Trips Using Frequency Ratio (FR)

In this study, FR was used to determine the relationship between trip location and Physical Factors.
Thus, the trip location can be the dependent variable while Physical Factors are independent variables. The
bivariate statistical model FR was used to diagnose the relationship between Physical Factors and active
and public transport accessibility. Firstly, the percentage frequency of trip location and the percentage of
class area for each different factor class under the selected Physical Factor were calculated. The percentage
of trip location has been determined by calculating the number of trips for each destination (study area)
and each class for each Physical Factor. Then, the percentage for trip location for each Physical Factor was
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calculated by dividing the total number of trips for each destination in each class. Next, the percentage of
class area was calculated by multiplying the number of cells for each destination area by the size of the cell
area. The percentage of the trip location and class area for each Physical Factor has been shown in Table 3.
The calculation of FR for a single conditioning factor can be calculated by referring to the Eq. (1) [35].

Npix (8X;)
m
FR = iz 5K
Npix (X;)
n
X1 Npix (X)) W
where:
Nyix (8X;) = Number of pixels in class i of the factor X
Npix (X j) = Number of pixels within the factor X;
m andn = Number of classes in factor X; in the study area
To calculate the probability of the index, the probability can be calculated by referring to Eq. (2).
n
FPI =) FR (2)
=1
Table 3: FR, RF, and PR
Physical factor Classification % of trip location % of class area FR RF PR
Intersection density 1 45.71 80.2 0.57 0.07 2.22
2 33.29 1216 274 032
3 18.46 516 358 042
4 247 167 148 018
5 0.07 0.82 009 001
Total 845  0.41
Building density 1 87.04 89.47 097 026 216
2 9.98 791 126 033
3 2.97 1.96 1.52 0.4
4 0.01 0.47 0.02 001
5 0 0.18 0 0
Total 377 04
Population density 1 4736 34.74 1.36 0.25 2.9
2 35.96 1219 295 054
3 13.52 12.9 105 019
4 3.12 2794 011 0.02
5 0.04 12.22 0 0
Total 548 054
Bus stop 1 9.16 24.14 038  0.09 21
service area 2 12.94 26.28 0.49 0.12
3 43.12 32.46 133 031
4 34.78 1712 203 048
Total 423 039
Slope 1 73.4 82.19 089 015 1.83
2 20.31 14.68 138 023
3 5.74 278 206 034
4 0.55 0.32 172 028
5 0 0.03 0 0
Total 6.06  0.34
Elevation (m) 1 51.91 59.38 0.87 0.12 1.09
2 2798 28.66 098 0.4
3 13.99 9.21 1.52 021

(Continued)
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Table 3 (continued)

Physical factor Classification % of trip location % of class area FR RF PR
4 5.74 2.48 2.31 0.33
5 0.38 0.27 1.41 0.2
Total 7.09 0.2
Land use Forest 0 3.49 0 0 2.35
Open Land & 23.64 29.07 0.81 0.11
Recreation
Insfrastructure & 1.78 1.78 1 0.13
Utility
Transportation 18.24 22.22 0.82 0.11
Industry 6.31 13.33 0.47 0.06
Community 39.83 12.32 3.23 0.44
Facilities
Residential 9.34 13.08 0.71 0.1
Business & 1 2.76 0.36 0.05
Services
Agriculture 0 0.85 0 0
Water Bodies 0 111 0 0
Total 7.42 0.44
Travel time (min) 1 7791 71.9 1.08 0.3 1
2 0.52 0.62 0.84 0.23
3 19.82 23.46 0.84 0.23
4 1.35 3.02 0.45 0.12
5 0.41 1 0.41 0.11
Total 3.62 0.19

3.3.3 Relative Frequency (RF)

As a next step, FRs were normalized in the range of probability values as RF. The proportion of FR value
in a factor class of a variable was compared to the total FR of that variable, which is called the RF, and was
calculated using Eq. (3).

_ FRof a factor class
Y. ER of all factor classes

3)

The value of RF was obtained by dividing the value FR of each class by the summation of FR for all factor
classes. For example, the value of FR for population density factors has been obtained for each classification
using Eq. (1). To calculate the RF value for population density, divide the FR value of each classification in
population density by the total sum of FR values in population density. This calculation will be repeated for
the next classification in population density. Eq. (3) were also used to calculate the RF value for other Physical
Factors. In combination with FR-AHP, the relative importance of each class of factor will be calculated
using Fq. (5). In Eq. (4), FR will represent the value of relative frequency and FR;; will represent a value of
frequency ratio.

FRij

RF = (4)
> FR;

RF = (RFimax_RFimin) (5)

(RFimax - RFimin) min



762 Revue Internationale de Géomatique. 2025;34

3.3.4 Predictor Rate (PR)

The weightage value used in this study was provided according to the PR values for each Physical Factor.
The PR value has been calculated by using Eq. (6). The calculation of PR was calculated to consider any
mutual interrelationship among the independent variables. PR was calculated by dividing the difference
between the maximum ratio and the minimum ratio of the RF value by the minimum difference among all
Physical Factors. For example, to calculate the PR value for the population density factor, the maximum RF
value for the population density minus the minimum RF value for the population density factor, the answer
will be divided by the minimum summation value of RE Referring to Table 3, the maximum value of RF
is 0.54 minus the minimum value, 0.00. Then, the answer needs to be divided by the minimum difference
between the maximum and minimum among all environment factors, which is 0.19, the summation of the
RF value of the Travel Time factor. The PR values were used to calculate the weightage for each Physical
Factor by using the AHP method.

Followed by the RF equation, the PR for each factor will be calculated using Eq. (6), where FR;yqx
will represent the maximum relative frequency of factor i, FR;;, will represent the minimum relative
frequency of factor i, and (RF,,qx — RF i, ) will represent the minimum difference between the maximum
and minimum relative frequencies for all factors used. For the combination of FR-AHP, the weightage value
of PR will be used to calculate the AHP method by using a pairwise matrix.

Rqux B RFmin

PR = (6)
(RFmax - RFmin)min

Generally, the AHP method, using a pairwise comparison matrix, is dependent on expert judg-
ments [28]. In this study, the AHP method, using a pairwise comparison matrix, was used in determining
the weightage value for each parameter, using the PR value obtained from Eq. (7). After obtaining both FR
and RF values, the variable-wise values that have been obtained previously will be organized in a row and a
column to create a pairwise comparison matrix. The equation for the pairwise comparison matrix is shown
in Eq. (7).

PR, PR; 7
PR, PR; o o
Az] = = (7)
PR, PR, A ... 8
| PRy ' PR; |

From Eq. (7), A;j represents a pairwise comparison matrix with i is the number of rows and j is the
number of columns. However, a;; is represented as the entry column of matrix A, with the probability index
of ensembled FR-AHP estimated in the range of probability values (0-1), and will divide each entry of the
matrix A by the respective column total.

Then, the value of Consistency Ratio (CR) was determined using Eq. (8) to indicate the probability of
the randomly generated judgment matrix. In Eq. (8), CRis a Consistency Ratio, CI is the consistency index,
and RI is the average of the resulting consistency index [28]. To determine CI, Eq. (9) were used where A,
is the largest principal eigenvalue of the matrix.

e

CR=—
RI

(8)
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CI=(CI=(Apax —n)/(n-1) )

3.3.5 Pairwise Comparison Matrix

AHP is an MCDA weighing method that can be used to determine the main alternative decisions
by comparing the decision of criteria and Physical Factor [19]. AHP was used to determine the relative
significance of different Physical Factors in combination with the FR method. To use AHP technique, the
variable-wise obtained PR values were organized into matrix form, with a rows and columns, Eq. (5).

The pairwise comparison matrix is used to calculate the weightage value for each Physical Factor using
PR values. The matrix above consists of A;; representing a pairwise comparison matrix with i rows and j
columns, where aj is represented as the entry in column of matrix A, as shown in Table 4. The probability
index of the FR-AHP value was estimated and normalized in the range of probability values (0-1).

Table 4: Pairwise comparison

Physical factor Intersection Building Population Bus stop Travel time Slope Elevation Land use
density density density service area (min)
Intersection density 1 1.03 0.77 1.06 2.22 121 2.04 0.94
Building density 0.97 1 0.74 1.03 2.16 118 1.98 0.92
Population density 1.31 1.34 1 1.38 2.9 1.58 2.66 1.23
Bus stop service area 0.95 0.97 0.72 1 2.1 115 1.93 0.89
Travel time (min) 0.45 0.46 0.34 0.48 1 0.55 0.92 0.43
Slope 0.82 0.85 0.63 0.87 1.83 1 1.68 0.78
Elevation (m) 0.49 0.5 0.38 0.52 1.09 0.6 1 0.46
Land use 1.06 1.09 0.81 112 2.35 1.28 2.16 1

As there are eight (8) Physical Factors used to measure the influences on spatial accessibility, the size of
the pairwise comparison matrix was 8 x 8. The PR value of each factor was divided among them, followed by
the value that was organized into matrix form. In the end, the weightage for each factor was derived. These
values were used to determine CSAI by using GIS.

3.3.6 Consistency Ratio (CR) & Consistency Index (CI)

The value of CR can be calculated by dividing CI by RI values. RI values were determined based on
the Random consistency index for a matrix size of 8, which is 1.41. This technique is important to derive the
priorities through the Eigenvector from the pairwise comparison matrix and also to measure the consistency
weight for each Physical Factor. Table 5 shows the consistency of the calculation.

Table 5: Consistency ratio (CR)

Physical factor Consistency
Intersection density 8.00 Number of comparisons 8.00
Building density 8.00 Average consistency 8.00
Population density 8.00 CI 0.00
Bus stop service area 8.00 RI 1.41
Travel time (min) 8.00 CR 0.00
Slope 8.00 Consistent? Yes

Elevation (m) 8.00

(Continued)
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Table 5 (continued)

Physical factor Consistency

Land use 8.00

3.3.7 Campus Spatial Accessibility Index (CSAI)

Lastly, the value of CSAI was measured using a weightage value that was obtained from the FR-AHP
calculation. The CSAI was measured using a GIS technique based on the following Eq. (10) that shows the
formula to calculate the transport accessibility index, where PR; is the predictor rate of the ith variable,
meanwhile RF; is the relative frequency of the ith variable, and 7 is the total number of variables.

i=1

3.4 Modelling Campus Spatial Accessibility Index (CSAI)

This process aims to measure the CSAI from spatial data editing to processing spatial data to produce
CSAI using GIS techniques. In this study, spatial data editing was started after secondary data collection had
been made. Data preparation included data cleaning and clipping. Data cleaning was done by importing all
related data required for this study, such as Study Area Sections in Shah Alam, Type of Buildings, Type of
Routes, Locations of Public Transport Areas, and Land Use Areas. Meanwhile, data clipping is involved with
layers located around study areas only. All Physical Factors layers have been clipped based on the study area
boundaries to ensure all processing will be done on the correct areas.

Next, the preparation of the criterion map included GIS processing such as projection, rasterization,
density, and reclassification. All Physical Factors must be in the same projection to ensure the analysis can
run smoothly and the accessibility will be located at the same places. To measure CSAI using GIS, model
builder was used to run WOA for All Physical Factor at the same time. All criterion maps that have been
created were used as parameters to determine the best CSAI around the study area in Shah Alam. Lastly, the
visualization was done to represent CSAI into a map with five (5) classes. The spatial editing and processing
were done using ArcMap software.

The criterion maps produced are shown in Fig. 3. Each criterion map represents a different Physical
Factor. These maps were used to determine CSAI. Firstly, all Physical Factor was converted into the same
projection, which is in the projected coordinate system WGS 1984. The projected coordinate system was
chosen to enable the rasterization process for each layer. After rasterization, GIS processing was done for
Building Density, Intersection Density, Population Density, Service Area, Slope, Elevation, Land Use, and
Travel Time. Modelling CSAI with WOA.
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Figure 3: (Continued)
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Figure 3: (Continued)
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Figure 3: Criterion maps of the factors influencing CSAI

After producing a Criterion Map for each Physical Factor, the CSAI was modelled by using WOA. As the
process is lengthy and requires several geoprocessing tasks to be included, automation in GIS was used. This
is to reduce any errors or mistakes in the processing since there will be an output from a different task that
can be input for the following task. Thus, Modelbuilder was used. In this study, each Physical Factor has been
imported into Modelbuilder as shown in Fig. 4. Then, the weighted overlay tool was inserted into the same
model and chained together with each Physical Factor. The model was run by inserting the weightage values
for each Physical Factor that has been calculated using the FR-AHP method, shown in Table 3. Each class has
been classified into 5 classes from Class 1 to Class 5. The scale value of each class for each Physical Factor was
set according to a suitable scale value for accessibility. Scale value of 1 will represent Very Low Accessibility,
scale value of 2 representing Low Accessibility, scale value of 3 representing Moderate Accessibility, scale
value of 4 representing High Accessibility, and scale value of 5 representing High Level Accessibility.
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~
A\

Weighted Overlay

Figure 4: Modelbuilder in ArcGIS to derive CSAI

3.5 Analysis

The final output for this study is CSAI, which has been derived by using WOA. The analysis was chosen
to determine the influences of eight Physical Factors on accessibility around the public university in Shah
Alam. There were eight (8) Physical Factors that were overlaid together in one study area with a weightage
value for each factor. The weightage value has been obtained by previous FR-AHP calculations. The CSAI
has been classified into five classes, starting with high accessibility areas in Class 1 and the lowest accessibility
areas in Class 5. The accessibility areas have been influenced by all Physical Factors, and areas located
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in Class 1 can be defined as an area with the best accessibility. Other than that, the accessibility has also
been influenced by the number of Trip locations that have been answered by 393 students from the public
university. The areas with no Trip Location data remain with no data accessibility in those areas.

4 Results and Discussion
4.1 Weightage of Physical Factors

The weightage of each Physical Factor (Table 6) influences the CSAI. The Physical Factor that most
influences accessibility around campus is Population Density with 0.19 values, followed by Land Use 0.15,
Intersection Density 0.14, and Building Density 0.14. The Travel Time Physical Factor is the lowest factor
affecting accessibility in this area, with a value of 0.06. The difference between the most influential and
the least influential Physical Factor is 0.013, which represents a huge gap in influence between Population
Density and Travel Time. Population Density is categorized as having the highest influence on transportation
accessibility because an area with a high population will increase the traffic congestion in those areas. The
increase in Population Density will lead to an increase in Road Density. Hence, the Intersection Density is
categorized as the third most influential factor of accessibility, followed by Building Density.

Table 6: Weightage of physical factors

Physical factor Final weight

Intersection density 0.14
Building density 0.14
Population density 0.19
Bus stop service area 0.13
Travel time (min) 0.06
Slope 0.12
Elevation (m) 0.07
Land use 0.15

The moderate influence of Physical Factor is a Bus Stop Service Area with 0.13. The Bus Stop Service
Area was analyzed based on four (4) different distances, which are 400, 800, 1200, and 1600 m. The distance is
an approachable distance that can be reached by students. The physical Factor with the minimum influence
for transportation accessibility is Slope Density with 0.12. An area with a slope will affect the accessibility
of transportation.

The value of Elevation Density is only 0.07. The Physical Factor of Elevation Density can be categorized
as having a low influence on accessibility. An area with a higher degree of slope and elevation will have
low accessibility to the transportation system. Travel Time factor is the factor with the least influence on
accessibility around the campus, with 0.06. The time required for students to travel 800 m is only 10 min
from the origin, the university. Whereas, for 1.2, 1.6, 2 km, and areas with more than 2 km, it only required
15, 20, 25, and more than 25 min to reach areas more than 2 km from the origin.

4.2 Campus Spatial Accessibility Index

The estimated RF and PR were used to create the CSAI map (Fig. 5). The indices were classified into
five (5) categories by using Natural Breaks (Jenks). The classification method was chosen due to its ability to
determine natural grouping in the data that is unevenly distributed by minimizing variance within the classes
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and maximizing variance between them. The categories used in this study are Very Low, Low, Moderate,
High, and Very High, and each category represents the level of active and public transport accessibility. The
CSAI map also shows the level of accessibility according to the classes. This map visualizes the CSAI index
that has been obtained using the FR-AHP method.

\\-@E CAMPUS SPATIAL ACCESSIBILITY INDEX (CSAD
S

1:42,000

STUDY AREA

Selangor.

Shah Alam

‘D: Coordinate System: WGS 1984 Mercator
LEGEND: Projection: Mercator

e BusStop CSAlIndex Value Low (2) [ High (8 Datum: WGS 1984
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[ campus B very Low (1) Moderate (3) [Jll VeryHigh ) + i

Figure 5: Campus spatial accessibility index (CSAI) map

The findings of this study are 2.7% of the study area with Very High CSAI, 35.34% of the study area with
High CSAI and the highest CSAI was 51.37% of the study area with Moderate CSAI. While the lowest index,
Low Accessibility, was located in a hilly residential area in Section 8 and Section 7, with 10.29% of the study
area, and 0.31% of the study area with Very Low CSALI This shows that the area around the public university
has a good level of accessibility because more than 50% of the study area has a high index status between
Moderate, High, and Very High CSAI. Therefore, the residential area around this area has an advantage to
live in because it has high access to nearby transportation, either by using public transport or active mobility.

To validate the efficiency of using the ensemble of FR and AHP in measuring the CSAI, a model derived
with only FR was used. FR values themselves could be treated as weightage in GIS modelling. Hence, this
study used the FR values calculated for each factor in the Weighted Overlay Analysis to derive the CSAI as
shown in Fig. 6. As a result, although some areas recorded similar CSAI, there are notably several differences
in the CSAI derived using FR-AHP and only FR.

First, there are no Very Low CSAI when derived by using FR only. Secondly, the coverage areas for each
class. Table 7 summarizes the differences in the percentage number of pixels with each CSAI class for both
the FR-derived model and the FR-AHP ones. Except for the Very Low, Moderate, and Very High classes,
there are vast differences between the other two classes. Although the CSAI of most areas is different by
one (1) scale class when deriving with different models, there are areas with high CSAI for both the FR and
FR-AHP models, which is Section 1, which is the university compound.
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Figure 6: Campus spatial accessibility index (CSAI) map derived using FR

Table 7: Percentages of pixels for each CSAI class

Class FR-AHP FR Differences

Very low 0.31% 0% 0.31
Low 10.29%  36.39% 26.1

Moderate  51.37%  55.92% 4.55
High 35.34% 7.58% —28.09

Veryhigh  27%  0.11% ~2.59

It is challenging to decide which of the two methods is more accurate, as there is yet to be a standard
model used in Malaysia to measure spatial accessibility for a campus. Different studies used different
parameters and even models. However, this study attempted to validate the results with field verification
and relating the results with the demand for accessibility, as one of the Factors that influence the CSAI
is population.

Table 8 shows the population in areas with Moderate CSAI, High CSAI, and Very High CSAI These
sections are considered an area with good accessibility. Fig. 7 shows the correlation between population
density and CSAL It is revealed that the two have a positive correlation with a coeflicient of 0.2297. In this
study, Section 1 has been determined as an area with Very High CSAI with a population of 516.54. This
Section is also the nearest Section around the university where students can consider finding a rental house
to attend classes on campus. An area with a high population will have higher accessibility to the nearest
public transportation as one of the facilities. Other than that, in Section 2, there is also a residential college
for the students, which is Meranti College. One of the facilities provided by the university to students is free
bus services. This area is also close to other facilities such as a food court, printing services, and a bus stop.
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Therefore, students can consider Section 2 as one of the best options for residential areas during their studies
due to its high accessibility and proximity to various facilities.

Table 8: Number of populations in accessibility areas

Section

Population CSAI level

Section 2
Section 4
Section 14
Section 1
Section 7
Section 12
Section 8

516.54 Very high

332.19 High
1097.76 High
1211.43 High

4355.09 Moderate
236.30 Moderate
937.99 Moderate

6

Population Density

[ ]
y = 1.7011x - 2.9467
R2=0.2297 o .
oo
[ N X ]
2 2.5 3 3.5
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Figure 7: Correlation between CSAI and population density

Next is an area with High CSAI, which was located at Section 4, Section 14, and Section 1. Section 4 is a
residential area with the nearest bus stop facilities. In this study, Section 4 has been classified as High CSAI
due to the high density of buildings and high road intersections in these areas. Fig. 8 shows the study area with
Road Intersection with Building Density. Fig. 9 shows the correlation of CSAI with the Intersection Density.
It is revealed that the correlation between the two is positive with a coefficient of 0.2337. Higher Intersection
Density could improve accessibility as the road would be more connected, creating a more walkable street
network, which is beneficial for pedestrians and public transport users, as this study intended to measure.
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Figure 9: Correlation between CSAI and intersection density

High building density representing a residential building in Section 4, and the intersection density
shows there is an access for students to use public transportation, as well as active mobility from their origin
to the destination. Section 14 is an area with various facilities such as hospitals, banks, and government
buildings, as well as various attractions such as Shah Alam Lake, shopping malls, and others. With the
availability of various facilities and attractions in this area, students can also find nearby residential areas
in Section 14. Next, Section 1 has also been defined as areas with High CSAI. Based on a survey conducted
among the students, there were 12.27% of % number of trips taken to Section 1. Additionally, the university
was also located in Section 1 and has good accessibility on the campus.

Areas with Moderate CSAI can also be used as searching areas for rental houses. This is because, in this
study, the highest CSAI is Moderate with 51.37% of the study area. The area with Moderate CSAI also has a
high population, such as Section 7 with 4355.09. A high population can provide high accessibility due to high
transportation in Section 7. Other than that, Section 7 is also the most rented area by the students because
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it is one of the nearest sections to the university. There is also a free bus service by the state government, as
well as buses provided by the university, taking the roads in Section 7 as the main bus route to the campus.
Therefore, Section 7 can be categorized as a suitable area for students to rent a house because it has a bus
route that will enter the campus.

Other than Section 7, there are also some sections that have been defined as Moderate accessibility,
which are Section 12, Section 13, Section 9, and Section 8. All of this area was defined as Moderate CSAI due
to the influence of the Physical Factor used in this study. Students from the university can also consider these
Sections as areas to build rental houses; however, it might not be preferable to students who do not have
their own transportation because the distance is quite far from the the university. Even so, students can also
consider the house rental prices in these sections because they might be lower than the house rental prices in
Section 7. There are many factors that can be considered to find a rental house for students, and accessibility
is one of the factors that need to be considered.

5 Conclusions

The integration of FR-AHP in GIS successfully models the CSAI The model was validated by analysing
the influence of eight (8) Physical Factors towards the CSAI in this study, as they are used to determine
areas that give good accessibility. By using the FR-AHP concept, the number of trips taken by students
based on the survey questionnaire helped in measuring the influence of accessibility around the university.
From the number of respondents, the origin and destination of students have been obtained and are being
used to measure the CSAI influenced by Physical Factors used in this study. The CSAI was evaluated by a
questionnaire distributed among students to obtain the number of trip locations. The determination of the
most influential Physical Factor was made by using eight (8) factors and was analyzed in this chapter. Five
classes of accessibility have been found by using WOA, which include Very Low, Low, Moderate, High, and
Very High CSAIL At the end, to have a better visualization of areas with high accessibility, a CSAI map was
produced. The areas with Very High, High, and Moderate CSAI can be proposed as areas to search for house
rentals around the university. This study, however, only focuses on the area around one public university in
Shah Alam, Malaysia. In the future, it is recommended to derive the CSAI around other universities in Shah
Alam, as well as other areas for comparison purposes.

Acknowledgement: The authors would like to thank Universiti Teknologi MARA for supporting this study and the
Land Surveyors Board Malaysia for funding this paper.

Funding Statement: The authors received funding from the Land Surveyors Board Malaysia for this study.

Author Contributions: The authors confirm contribution to the paper as follows: study conception and design: Nur
Sabrina Jamal, Nabilah Naharudin; data collection: Nur Sabrina Jamal; analysis and interpretation of results: Nur
Sabrina Jamal, Nabilah Naharudin; draft manuscript preparation: Nur Sabrina Jamal, Nabilah Naharudin. All authors
reviewed the results and approved the final version of the manuscript.

Availability of Data and Materials: The data is confidential as it is obtained only for the purpose of this study and
cannot be disclosed.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.



Revue Internationale de Géomatique. 2025;34 775

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bokhari A, Sharifi F. Public transport and subjective well-being in the just city: a scoping review. ] Transp Health.
2022;25(1):101372. doi:10.1016/j.jth.2022.101372.

Manaugh K, Waygood EO, Pellecuer L. Public health, active transport, and land use. In: Handbook on transport
and land use. Cheltenham, UK: Edward Elgar Publishing; 2023. p. 332-49 d0i:10.4337/9781800370258.00027.
Park ], Goldberg DW. A review of recent spatial accessibility studies that benefitted from advanced geospatial
information: multimodal transportation and spatiotemporal disaggregation. ISPRS Int ] Geo Inf. 2021;10(8):532.
doi:10.3390/ijgil0080532.

Cook S, Stevenson L, Aldred R, Kendall M, Cohen T. More than walking and cycling: what is ‘active travel’? Transp
Policy. 2022;126(5):151-61. d0i:10.1016/j.tranpol.2022.07.015.

Mirzahossein H, Rassafi AA, Jamali Z, Guzik R, Severino A, Arena F. Active transport network design based
on transit-oriented development and complete street approach: finding the potential in Qazvin. Infrastructures.
2022;7(2):23. doi:10.3390/infrastructures7020023.

Mohd Yusoff Z, Aziz IS, Naharudin N, Abdul Rasam AR, Ling OHL, Nasrudin NA. Mobility and proximity
coeflicient to high-traffic volume in daily school operations. Plan Malays. 2022;20(2):321-32. doi:10.21837/pm.
v20i21.1116.

Olayode 10, Chau HW, Jamei E. Barriers affecting promotion of active transportation: a study on pedestrian and
bicycle network connectivity in Melbourne’s west. Land. 2025;14(1):47. doi:10.3390/1and14010047.

Baobeid A, Ko¢ M, Al-Ghamdi SG. Walkability and its relationships with health, sustainability, and livability:
elements of physical environment and evaluation frameworks. Front Built Environ. 2021;7:721218. doi:10.3389/
tbuil.2021.721218.

Ceder A. Urban mobility and public transport: future perspectives and review. Int ] Urban Sci. 2021;25(4):455-79.
doi:10.1080/12265934.2020.1799846.

Ruslan N, Naharudin N, Salleh AH, Abdul Halim M, Abd Latif Z. Spatial walkability index (SWI) of pedestrian
access to rail transit station in Kuala Lumpur city center. Plan Malays. 2023;21(5):237-52. d0i:10.21837/pm.v21i29.
1368.

Hassan M, Mahin HD, Ahmed E, Hassan MM, Rahaman A, Abdullah M. Assessing public transit network efficiency
and accessibility in Johor Bahru and Penang, Malaysia: a data-driven approach. Results Eng. 2025;27(9):106126.
doi:10.1016/j.rineng.2025.106126.

Olfindo R. Transport accessibility, residential satisfaction, and moving intention in a context of limited travel mode
choice. Transp Res Part A Policy Pract. 2021;145(3):153-66. d0i:10.1016/j.tra.2021.01.012.

Logan TM, Hobbs MH, Conrow LC, Reid NL, Young RA, Anderson MJ. The x-minute city: measuring the 10, 15,
20-minute city and an evaluation of its use for sustainable urban design. Cities. 2022;131(7):103924. doi:10.1016/].
cities.2022.103924.

Sun C, Cheng]J, Lin A, Peng M. Gated university campus and its implications for socio-spatial inequality: evidence
from students’ accessibility to local public transport. Habitat Int. 2018;80:11-27. doi:10.1016/j.habitatint.2018.08.008.
Ferrari G, Drenowatz C, Kovalskys I, Gémez G, Rigotti A, Cortés LY, et al. Walking and cycling, as active
transportation, and obesity factors in adolescents from eight countries. BMC Pediatr. 2022;22(1):510. doi:10.1186/
s12887-022-03577-8.

Hansmann KJ, Grabow M, McAndrews C. Health equity and active transportation: a scoping review of active
transportation interventions and their impacts on health equity. ] Transp Health. 2022;25(2):101346. doi:10.1016/j.
jth.2022.101346.

Cho S, Choi K. Transport accessibility and economic growth: implications for sustainable transport infrastructure
investments. Int J Sustain Transp. 2021;15(8):641-52. d0i:10.1080/15568318.2020.1774946.

Inturri G, Giuffrida N, Le Pira M, Fazio M, Ignaccolo M. Linking public transport user satisfaction with service
accessibility for sustainable mobility planning. ISPRS Int ] Geo Inf. 2021;10(4):235. doi:10.3390/ijgil0040235.
Zannat KE, Adnan MSG, Dewan A. A GIS-based approach to evaluating environmental influences on active and
public transport accessibility of university students. ] Urban Manag. 2020;9(3):331-46. doi:10.1016/j.jum.2020.06.
001


https://doi.org/10.1016/j.jth.2022.101372
https://doi.org/10.4337/9781800370258.00027
https://doi.org/10.3390/ijgi10080532
https://doi.org/10.1016/j.tranpol.2022.07.015
https://doi.org/10.3390/infrastructures7020023
https://doi.org/10.21837/pm.v20i21.1116
https://doi.org/10.21837/pm.v20i21.1116
https://doi.org/10.3390/land14010047
https://doi.org/10.3389/fbuil.2021.721218
https://doi.org/10.3389/fbuil.2021.721218
https://doi.org/10.1080/12265934.2020.1799846
https://doi.org/10.21837/pm.v21i29.1368
https://doi.org/10.21837/pm.v21i29.1368
https://doi.org/10.1016/j.rineng.2025.106126
https://doi.org/10.1016/j.tra.2021.01.012
https://doi.org/10.1016/j.cities.2022.103924
https://doi.org/10.1016/j.cities.2022.103924
https://doi.org/10.1016/j.habitatint.2018.08.008
https://doi.org/10.1186/s12887-022-03577-8
https://doi.org/10.1186/s12887-022-03577-8
https://doi.org/10.1016/j.jth.2022.101346
https://doi.org/10.1016/j.jth.2022.101346
https://doi.org/10.1080/15568318.2020.1774946
https://doi.org/10.3390/ijgi10040235
https://doi.org/10.1016/j.jum.2020.06.001
https://doi.org/10.1016/j.jum.2020.06.001

776

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Revue Internationale de Géomatique. 2025;34

Tiran ], Razpotnik Viskovi¢ N, Gabrovec M, Koblar S. A spatial analysis of public transport accessibility in Slovenia.
Urbani Izziv. 2022;33(1):105-21. d0i:10.5379/urbani-izziv-en-2022-33-01-04.

Rodrigue JP. A.4—transportation and accessibility| The geography of transport systems [Internet]. [cited 2025 Jan
1]. Available from: https://transportgeography.org/contents/methods/transportation-accessibility/.

Vecchio G, Martens K. Accessibility and the capabilities approach: a review of the literature and proposal for
conceptual advancements. Transp Rev. 2021;41(6):833-54. doi:10.1080/01441647.2021.1931551.

Tao Z, Cheng Y, Zheng Q, Li G. Measuring spatial accessibility to healthcare services with constraint of admin-
istrative boundary: a case study of Yanqing District, Beijing. China Int ] Equity Health. 2018;17(1):7. doi:10.1186/
$12939-018-0720-5.

Kanuganti S, Sarkar AK, Singh AP. Quantifying accessibility to health care using two-step floating catchment area
method (2SFCA): a case study in Rajasthan. Transp Res Procedia. 2016;17(3):391-9. doi:10.1016/j.trpro.2016.11.080.
Lin Y, Wan N, Sheets S, Gong X, Davies A. A multi-modal relative spatial access assessment approach to measure
spatial accessibility to primary care providers. Int ] Health Geogr. 2018;17(1):33. doi:10.1186/s12942-018-0153-9.
Luo W, Wang F. Measures of spatial accessibility to healthcare in a GIS environment: synthesis and a case study in
Chicago Region. Environ Plann B Plann Des. 2003;30(6):865-84. doi:10.1068/b29120.

Silalahi FES, Pamela, Arifianti Y, Hidayat F. Landslide susceptibility assessment using frequency ratio model in
Bogor, West Java, Indonesia. Geosci Lett. 2019;6(1):10. doi:10.1186/s40562-019-0140-4.

Meten M, Bhandary NP, Yatabe R. GIS-based frequency ratio and logistic regression modelling for landslide
susceptibility mapping of Debre Sina area in central Ethiopia. ] Mt Sci. 2015;12(6):1355-72. d0i:10.1007/s11629- 015-
3464-3.

Saaty TL. Decision making with the analytic hierarchy process. Int J Serv Sci. 2008;1(1):83. doi:10.1504/ijssci.2008.
017590.

Malczewski J, Rinner C. Introduction to GIS-MCDA. In: Multicriteria decision analysis in geographic information
science. Berlin/Heidelberg, Germany: Springer; 2015. p. 23-54. doi:10.1007/978-3-540-74757-4_2.

Saha A, Mandal S, Saha S. Geo-spatial approach-based landslide susceptibility mapping using analytical hierarchi-
cal process, frequency ratio, logistic regression and their ensemble methods. SN Appl Sci. 2020;2(10):1647. doi:10.
1007/s42452-020-03441-3.

Yilmaz OS. Flood hazard susceptibility areas mapping using analytical hierarchical process (AHP), frequency ratio
(FR) and AHP-FR ensemble based on geographic information systems (GIS): a case study for Kastamonu, Tiirkiye.
Acta Geophys. 2022;70(6):2747-69. doi:10.1007/s11600-022-00882-9.

Gupta N, Pal SK, Das J. GIS-based evolution and comparisons of landslide susceptibility mapping of the East
Sikkim Himalaya. Ann GIS. 2022;28(3):359-84. d0i:10.1080/19475683.2022.2040587.

Razandi Y, Pourghasemi HR, Neisani NS, Rahmati O. Application of analytical hierarchy process, frequency ratio,
and certainty factor models for groundwater potential mapping using GIS. Earth Sci Inform. 2015;8(4):867-83.
doi:10.1007/s12145-015-0220- 8.

Shafapour Tehrany M, Kumar L, Neamah Jebur M, Shabani F. Evaluating the application of the statistical index
method in flood susceptibility mapping and its comparison with frequency ratio and logistic regression methods.
Geomat Nat Hazards Risk. 2019;10(1):79-101. doi:10.1080/19475705.2018.1506509.


https://doi.org/10.5379/urbani-izziv-en-2022-33-01-04
https://transportgeography.org/contents/methods/transportation-accessibility/
https://doi.org/10.1080/01441647.2021.1931551
https://doi.org/10.1186/s12939-018-0720-5
https://doi.org/10.1186/s12939-018-0720-5
https://doi.org/10.1016/j.trpro.2016.11.080
https://doi.org/10.1186/s12942-018-0153-9
https://doi.org/10.1068/b29120
https://doi.org/10.1186/s40562-019-0140-4
https://doi.org/10.1007/s11629-015-3464-3
https://doi.org/10.1007/s11629-015-3464-3
https://doi.org/10.1504/ijssci.2008.017590
https://doi.org/10.1504/ijssci.2008.017590
https://doi.org/10.1007/978-3-540-74757-4_2
https://doi.org/10.1007/s42452-020-03441-3
https://doi.org/10.1007/s42452-020-03441-3
https://doi.org/10.1007/s11600-022-00882-9
https://doi.org/10.1080/19475683.2022.2040587
https://doi.org/10.1007/s12145-015-0220-8
https://doi.org/10.1080/19475705.2018.1506509

	Integration of Frequency Ratio-Analytical Hierarchical Process FR-AHP in GIS for Measuring Campus Spatial Accessibility Index
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results and Discussion
	5 Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


