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ABSTRACT

Substance abuse problems have been a growing concern for people from all over the world.
The objective of this study is to demonstrate the usefulness of a combination between a
geographic information system and a multivariate analysis in substance abuse research.
However, due to the limited studies on a combination of both these methods in the substance
abuse field, we review some other studies in various fields indicating the potential of this
method in future substance abuse studies. As the expertise of GIS lies in spatial analysis and
the multivariate analysis lies in analyzing huge data thus being capable of interpreting the
results very well, we hope this method will attract researchers to applying it in their studies
and can consequently and indirectly help in combating substance abuse problems.
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1. INTRODUCTION

A drug is a substance widely used in medicine, particularly in obtaining relief from pain and
stress [1]. On the other hand, drugs are also used in various cultures for a variety of reasons,
including religious purposes and for recreation to alter consciousness. Although originally
drugs were beneficial for many purposes, the abuse of this substance has caused an adverse
effect not only to the abuser itself but also to the society and the state as a whole. Substance
abuse related to undesirable health effects and other social problems is seen to be a major
issue worldwide, since there are an increasing number of substance abusers and there is the
emergence of new psychoactive substances [2]. According to [3], the World Health Report
2002 has expressed that the total burden of disease worldwide due to psychoactive substance
abuse was at 8.9%, and this included tobacco, alcohol and illicit drugs.

This problem does not discriminate between gender, age and socioeconomic status, despite
many researches relating substance abuse with males [4-6], low education [7-9] and low socio
economic class [10-11] because some studies had proven otherwise [12-13]. Other than that,
there were many studies on substance abuse among adolescents [14-15] in which the highest
substance abusers were among them. The most common substances that are abused
worldwide are opiate, cocaine, amphetamine and cannabis, but the consumption patterns
always change [16]. These substances giving different impacts to the substance abuser
according to the type of substance. However, the general impact of causing violence is very
worrying to the government because substance abuse is synonymous with crime [17].

Various attempts have been made by governments worldwide to solve this problem by
spending highly on research, rehabilitation programs and treatment centers. However, until
today, this issue remains a threat to the entire world because the effect arising from the abuse
of substances has an impact on health, economy and society. However, a majority of
substance abusers do not seek or use the treatments provided. Releasing one of the barriers to
the rehabilitation process among substance abusers is closely related to geographical
conditions, and GIS was seen to visualise a clear picture of these issues through a map
generated.

The idea of using GIS for substance abuse research was made aware to the researchers when
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they found out that there was a strong association between diseases and environmental
surroundings [18]. Through spatial analysis in GIS, this system was believed to be able to
bring a future hope for the researcher to overcome this issue. This is the same for substance
abuse cases which are considered a type of disease. Researchers in this field have forwarded
this method with the hope of helping relevant stakeholders to plan the best solution to
eradicate these problems. GIS was known as a powerful tool in spatial analysis through the
ArcGIS software. The concept of spatial analysis is broad, covering an analysis on the data
which is linked to the coordinates on the map. The spatial data such as coordinate (latitude,
longitude) then will be merged with the other data [19]. The data can be integrated using the
ArcGIS software using geographical and non-geographical data, which is then linked together
to generate the needed information [20]. Among the popular spatial analysis in epidemiology
research is spatial clustering and spatial detection [21-22].

On the other hand, the statistical analysis will explore the data set and interpret the data which
is difficult to understand at a glance. One of the most popular statistical analysis tools used to
explore the complexity of the data is the multivariate analysis. The multivariate analysis is
widely used in environmental research [23] and it is deemed to be the best method for
preventing a misinterpretation of a vast amount of data and drawing meaningful information
[24]. The most common multivariate analysis used is factor analysis, principle component
analysis, hierarchical algorithm cluster analysis and discriminant analysis which can isolate the
data into specific clusters [25].

Monitoring the trend of substance abuse cases is an important aspect in preventing more
serious problems from occurring. These trends could serve as an aspect for the stakeholders
involved to enhance the prevention and awareness programs. Multivariate coupling with
geographic information system mapping tools for many research areas have proven beneficial
for understanding the situation of the problem and proper planning could be suggested to
overcome the problem. Therefore, this study investigates the innovative technique of the
application of the Geographic Information System (GIS) combining statistical analysis in

understanding the substance abuse problem and thus planning a better solution.
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2. GIS CONCEPT

Various definitions have been given to GIS. However we conceptualized GIS as a computer
based system to integrate, analyze and visualize the information using a map [26]. GIS
supports the analysis of huge data and a large quantity of information coming from a variety
of sources [27]. The data in GIS is divided into attribute and spatial data which is regarded as
the main function of GIS [28]. GIS provides a convenient way for data analysis to integrate
large, spatially referenced data concerning various geographical aspects in the spatial database
[29]. The capability of GIS lies in the ability to analyze and manipulate data based on its spatial
location [30]. A complete set data from a variety sources that will undergo the georeferencing
process can be quickly assembled for the particular map and expedite the management process
[31]. GIS is universally beneficial for data preparation and visualization [32].

The potential of GIS in the health care industry has gradually been recognized by researchers. It
is continuously used to communicate health problems and find solutions. The capability of GIS
is to superimpose each layer containing available information in the specific location and try to
discover a meaningful analysis, thus providing a better understanding and giving new insights
into the relationship between geographical location given by information in each layer such as
causal factors and potential area of diseases [33].

The end product of GIS in producing a disease map contains a lot of information. GIS mapping
techniques are a helpful tool for any researcher to visualize and analyze the collected data
immediately [34]. By the visual presentation of map, the distribution of particular diseases
related to other factors may be analyzed and better understood, and amazingly this sophisticated

GIS may be even used for disease prediction [29].

3. MULTIVARIATE ANALYSIS CONCEPT

In order to avoid misunderstanding and losing data, a multivariate analysis can serve as an
unbiased technique which is really helpful to analyze data and indicate variable association
among samples [35]. Multivariate techniques encompass a variety of methods that has proven
to be able to easily analyze and handle a lot of data accurately [36]. In the present paper, we

discuss only some multivariate analysis techniques which were found to be used for some
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kind of research. These are the principle component analysis (PCA)/factor analysis (FA),
hierarchical algorithm cluster analysis (HCA) and discriminant analysis (DA).

PCA/FA is acknowledged as a pattern recognition technique that tries to reduce the
dimensionality of data and converts them into smaller sets of independent variables [37-38].
This method describes the whole data with a minimum loss of information [39] and explains
the variance of a large dataset of inter-correlated variables with a smaller set of independent
variables [38].

A cluster analysis is an unsupervised pattern recognition technique that uncovers the intrinsic
structure or underlying behaviour of a dataset without making a priori assumptions about the
data in order to classify the data into the same clusters based on their nearest similarities [40].
The result will group the cluster by their unique characteristics, grouping the similarities of
data within a group (showing strong homogeneity within group) and dissimilarities of data
among different groups (showing strong heterogeneity among groups) [41].

Eventually, the end result of the cluster analysis will be visualized through a dendogram [42].
Opposite to the cluster analysis, a discriminant analysis will be performed with priori
assumptions of the membership of objects to particular groups [36]. A discriminant analysis
aims to discriminate the variable between groups based on certain predictor variables [43].
The variance covariance between the groups were maximized and the variance covariance
within the classes were minimized under a simultaneous concentration of all analyzed features
[44]. It constructed a discriminant function for each group which combines information from

predictor variables to maximize the discrimination among the groups [45].

4. GENERAL REVIEW ON THE COMBINATION OF GIS AND MULTIVARIATE
ANALYSIS

The combination of a multivariate analysis and the GIS may be intertwisted by either doing a
multivariate analysis after the GIS processes or otherwise. Some studies analyse the data and
export the results into the GIS tool and some others use a multivariate analysis after the GIS
processes to confirm the result. Both methods can be used depending on the study goals. Due

to a lack of spatial statistical tools in GIS, other statistical analysis techniques such as a
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multivariate analysis may help to enhance the study [46]. The multivariate analyses that will
be focused on here include the PCA/FA, CA and DA which are used widely in water quality
assessment [47]. Using this powerful analysis, we are trying to highlight the capability of
these techniques in analyzing and thus interpreting data. Therefore, we examine the
application of these methods in other fields according to the advantages of combining these
methods and this is expected to give a view on the ability of these methods to be applied in
the substance abuse field. Generally, a factor analysis or principle component analysis is one of
the most powerful methods for reducing the dimensionality of a huge data set without losing
any information [39]. Numerous studies have used PCA as a pre-processing method [48] to
determine variation patterns of geochemical variables [49-50] and reducing the dimensionality
of highly dimensional data [35, 51-52]. Subsequently, through the adding of GIS through data
exporting as well as a result of analysis into the GIS tool for further analysis, better
visualization can be enhanced.

There has been a lot of research using a combination of GIS and PCA in other studies. In [53]
has proposed a combination of PCA and GIS in a study where PCA will determine the most
influential variables and the weights based on the percentage of variability explained, thus
embedding the result into GIS to produce a map. A variety studies in the groundwater field
have applied this combination method. As studied by [54] using multivariate analysis such as
PCA and CA in their study for the studying of hydro chemical patterns of watersheds
significantly helped to discover groundwater classifications and discover major factors
influencing groundwater quality chemistry. Hence, creating a surface map using GIS to
visualize the spatial distribution of TDS and the relationship with hydro chemical water types
and sample cluster and a surface a map visualizing spatial distribution of contribution of
individuals are the three principal components generated by PCA. Another study by [55] has
tried to propose the innovation of joining multivariate analysis (HCA and FA) with GIS and
other conventional graphical methods to determine spatial groundwater types and the spatial
variation of the major sources of hydro chemical changes in Ghana after some literature
successfully revealed the popularity of multivariate analysis in geo environmental studies [50,

56].
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Another study on agricultural soils by [57] also applied a combination of multivariate analysis
and the GIS method. In their study, FA coupled with HACA was used to identify the spatial
factors associated with the pollution of heavy metals in the study area. Hence, the result was
imported into the ArGIS software to produce a spatial pattern of the heavy metals. A previous
study on mapping regional groundwater chemistry zones in the Fitzroy basin using statistical
and conceptual methods by [58] used a multivariate analysis (CA) to sort the water types then
visualized them via GIS. Then, spatial zones had to be managed. Another study by [59] used
PCA and CA to identify the variation of water quality and identify the pollution sources in
Muttukadu Backwater and further analyze water quality using the interpolation method in
ArcGIS software. In a study by [60], the PCA was used to find the structure in the relationships
between variables which were then entered into the logistic model for predictive model fitting.
Subsequently, the outcome of model was introduced into the GIS to let the model run. In the
end, a map of the predictive land cover distribution was produced.

Mostly, our review found out that many studies used GIS after the multivariate analysis part
was done for data visualization through a map. However, the capability of GIS on analyzing
data was not limited to that, though it could be enhanced through a spatial analysis in the
ArcGIS tool to analyze the data which was linked to the specific coordinate. For example, in a
study by [61] using the GIS spatial analysis tool, the land use, slope, DEM and administrative
map was used to calculate the watershed characteristics for each sampling site and the PCA
was used to find the major gradients and principal patterns in the water quality data between
wet and dry seasons, thus exploring the spatial and temporal variation in river water quality in
the study area. Besides that, GIS can also make a spatial analysis for the identification of hot
spot areas [62]. In [63] performed a spatial autocorrelation analysis to measure geographic
patterns and cluster analysis for cases of cancer incidents in their study. This method was also
applied by [64]. A map of cancer produced by [65] was improved by an augmentation of the
map through overlaying the reliable information and spatial autocorrelation. A spatial
arrangement of data in a study by [66] was investigated through an ordinary kriging in GIS.
Thus, the Krigs map generated presented a distribution of groundwater quality parameters.

Other than that, the multivariate analysis and GIS share the same aptitude in analyzing data
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such as in constructing an index and the clustering analysis. Heretofore, FA and PCA were a
primary method for index construction in several studies [67-68]. Previous studies has proven
that the indices could also be constructed using GIS. For example, a study by [69] has proposed
the use of GIS for index construction. In that paper, multicriteria analysis (MCA) techniques
were used to strengthen the value of deprivation indices constructed from qualitative data

sources.

5. INTEGRATION OF GIS AND MULTIVARIATE ANALYSIS IN SUBSTANCE
ABUSE STUDY

From the community health overview, GIS was seen as powerful evidence-based practice tool
for early problem detection and solving [70]. The visual presentation and distribution of any
particular disease and association to any factor may be presented using a map will lead to
identifying the impact of those diseases to the population, and hence it may help in identifying
risk areas for further action. The capability of GIS in managing both spatial and non-spatial
information provides an excellent framework for disease management [71]. In [70] considered
that GIS could act as more powerful methods when coupled with statistical methods for
enhancing the validity and make robust conclusions. The combination of GIS and other spatial
statistical methods provide a fuller exploration on the way diseases are distributed and affect the
surrounding people [72]. To that, even more studies applied the GIS and multivariate analysis.
Nevertheless, there has been limited research in the public health field particularly in
substance abuse, using a combination of these two methods.

GIS may be one of the most important tools for the advancement in the public health sector
[73]. Several researchers have demonstrated the usefulness of GIS within public health studies.
There are a few studies with the application of GIS in public health. For example, studies on
the analysis of access to treatment centers [74-76]. There are also studies examining the impact
of distance [77], developing a map for planning prevention of the diseases [27, 34], identifying
the spatial distribution of the diseases [78-79, 62] and identifying hot spot areas to determine
the potential risk areas of the disease [80-81, 71]. All studies above used spatial analysis in the

ArcGIS software.
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There is no doubt some studies using GIS can be applied in substance abuse research as shown
by studies by [82-83] in which applying GIS in their studies towards drug users to inform of the
formation and optimization of public health intervention, hence providing a greater
understanding of at risk drug user populations. Besides that, there is also a variety of research in
substance abuse studies applying GIS to determine the spatial distribution of drug users [84-85],
evaluating travel distance and the availability of substance abusers to treatment centers [86-88],
identifying environmental factors associated with substance abuse [15, 89-90] and assessing
neighbourhood factors to effective outcome treatment to substance abuser [91-93]. However,
improving computer technology such as GIS may enhance substance abuse research as a
previous study by [79] had used a combination of GIS and multivariate analysis to analyze the
spatial and temporal distribution of drug addicts to understand the geographical distribution of
drug addicts which fall into the same cluster. In this study, they analyze data using the CA then
transfer the result to GIS for visualization purposes.

To date, there has been limited research on using multivariate analysis for substance abuse
studies. Most of them use FA/PCA geared towards determining a factor structure in their
constructed questionnaires for substance abuse [94-95]. Earlier studies by [96] stated that
substance abuse research like prevention purposes lack statistical analysis to analyze data,
causing the power of analysis miss to detect prevention approaches. Because of that, the
sophistication of statistical analysis such as multivariate analysis becomes necessary in
substance abuse study due to the complex set of data. The advances in extracting information
and the appropriate adjusting of a unique value of substance abuse data may lead to an accurate
interpreting and concluding of research studies [97]. This makes a combination of GIS and
multivariate analysis a potentially powerful tool for substance abuse studies. Hence, we
propose the combination of methods may be used as an integrational tool to link substance
abuse data together through a geographical reference system of substance abuse. This may be

helpful to enhance the power of analysis and the interpretation of results in a convincing way.

6. CONCLUSION

This paper attempted to introduce a methodology of combining multivariate analysis and GIS
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for substance abuse research in identifying the risk factors, assessing distribution areas and
identifying hot spot areas and cold spot areas and thus planning for the best solution with
other stakeholders on eradicating substance abuse problems in this country. Most studies on
this combining method are gotten through revising other studies from various fields. Based on
our view, this method is very exciting to be applied in substance abuse studies. Through a
comprehensive analysis, we believe that this method offers effective tools for result
interpretation thus contributing to relevant stakeholders as well as the government to better

understand and hence take action to combat substance abuse problems.
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