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Abstract. The Mosquito Online Advanced Analytic Service (MOAAS) provides 
an essential tool for querying, analyzing, and visualizing patterns of mosquito  
larval distribution in Thailand. The MOAAS was developed using Structured 
Query Language (SQL) technology as a web-based tool for data entry and data 
access, webMathematica technology for data analysis and data visualization, and 
Google Earth™ and Google Maps™ for Geographic Information System (GIS) 
visualization. Fifteen selected schools in Thailand provided test data for MOAAS. 
Users performed data entry using the web-service, data analysis, and data visu-
alization tools with webMathematica, data visualization with bar charts, mosquito 
larval indices, and three-dimensional (3D) bar charts overlaying on the Google 
Earth™ and Google Maps™. The 3D bar charts of the number of mosquito larvae 
were displayed along with spatial information. The mosquito larvae information 
may be useful for dengue control efforts and health service communities for plan-
ning and operational activities.
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INTRODUCTION

Aedes mosquitoes transmit dengue 
virus, responsible for dengue infection. 
Dengue fever is a leading cause for hospi-
talizations of children in Thailand (Phua-
nukoonnon et al, 2005). With the absence 
of an effective vaccine or chemotherapy, 
prevention of dengue is currently only 
possible by control of the principal vector 
(Aedes aegypti) and secondary vector (Ae. 

albopictus) (Hay et al, 2000; Stephenson 
et al, 2003; WHO, 2009), and by using per-
sonal protection from the bites of infected 
mosquitoes (WHO, 2009).

Active participation by the at risk 
human population is essential for con-
trol, especially by elimination of vector 
breeding sites (Chiaravalloti-Neto, 1997). 
A previous study showed education of 
students is a crucial factor for initiating 
community engagement and participation 
in the control of mosquito vectors (Regis 
et al, 1996). The school environment is 
ideal for development of dengue educa-
tion modules, principally because of its 
division by age and level of knowledge, 
allowing teaching to be conducted at dif-
ferent levels of complexity. The teacher 
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pupil relationship is conducive of par-
ticipation in mosquito larva reduction 
efforts in their homes (Madeira et al, 2002). 
However, information alone is insufficient 
to effect behavioral changes. In this study, 
we developed the Mosquito Online Ad-
vanced Analytic Service (MOAAS) as an 
advanced tool for querying, analyzing, 
and visualizing patterns of mosquito larva 
distribution in Thailand.

MATERIALS AND METHODS

System architecture
The MOAAS was programmed using 

the computer languages Hypertext Mark-
up Language (HTML), Java Server Page 
(JSP), and webMathematica technology, 
while Apache Tomcat 6.0 and Microsoft 
SQL Server 2008 were used as the web 
server software and database manage-
ment system, respectively (Fig 1).

JSP technology provides an easy way 
to create dynamic web pages and simplify 
the task of building web applications that 
work with a wide variety of web servers, 
application servers, browsers, and devel-
opment tools (McPherson, 2012). A JSP 
page is simply an HTML web page that 
contains additional bits of code, which ex-
ecute application logic to generate dynamic 
content. When the page is displayed in a 
user’s browser, it contains both the static 
HTML content, and the dynamic informa-
tion retrieved from the database. While 
HTML tags are processed by a user’s web 
browser to display the page, JSP tags are 
used by the web server to generate dynam-
ic content (Sun Developer Network, 2011).

WebMathematica offers access to spe-
cific Mathematica applications through a 
web browser or other web clients. Web-
Mathematica adds interactive calculations 
and visualizations to websites by integrat-

ing Mathematica with the latest web server 
technology (Wolfram Research, 2011).

JSP is used for contacting Apache 
Tomcat and Microsoft SQL Server. Scripts 
written in JSP interpret the query keys 
input in the home page and retrieve suit-
able data from the Microsoft SQL Server 
database. In the system, we make JSP 
work in partnership with webMathematica 
technology, so it generates graphic images 
and advanced statistical tools, such as the 
chi-square test, regression analysis and 
time series analysis.
System evaluation

The objective of the study was to eval-
uate student perceptions of the MOAAS. 
A questionnaire was given to the students 
after they had used the MOAAS for ap-
proximately one year. The questionnaire 
consisted of 13 questions under four main 
headings: evaluation of education materi-
als, user-program interaction satisfaction, 
evaluation of MOAAS’s features, and 
evaluation of the educational process.

We randomly selected four out of 15 
schools from four regions in Thailand. 
A total of 124 students took part in the 
system evaluation. The questionnaire 
was given to the participants by their 
teachers. Participants were asked to fill 
out the questionnaire indicating their 
level of agreement with a statement using 
a five-point Likert scale. The students’ 
anonymous responses were collected by 
their teachers, who then forwarded them 
to the system administrator.

RESULTS

We have developed a GLOBE (Global 
Learning and Observations to Benefit 
the Environment) Mosquito Protocol for 
Thailand in collaboration with scientists 
from the GLOBE Seasons and Biomes 
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Fig 1–Overview of the system architecture.
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Fig 2–Summary of the functions of the system.

program, as well as those in Thailand. 
Participating teachers and students had a 
chance to learn about mosquito research 
and to conduct school research projects 
through the Mosquito Protocol, which the 
Institute for the Promotion of Teaching 
Science and Technology (IPST) in Thai-

land has explored in science classrooms. 
All certified participants are required to 
complete the Thailand GLOBE Mosquito 
Protocol Training in the mosquito larval 
survey, identification of mosquito larval 
species, data entry, data representation, 
data analysis and data interpretation.
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Fig 3-The MOAAS home page.

System description

The system was designed to be used 
by two groups of users: researchers and 
the general public. Users can access 
MOAAS with or without logging into 
the system. For security reasons, the 
login system requires a username and 
password obtained only from the system 
administrator. Following the login, us-
ers can choose two main functions: data 
entry and data analysis. Users not logged 
in have access to school research projects 
and the general information (Fig 2). Since 
December 2007, a prototype MOAAS has 

been available online at URL http://www.
twibl.org/mosquito (Fig 3).
Data entry suite

Data entry can include one or more 
of the following factors: socio-economic 
data: ie, school, site name, collector, ad-
dress, date, time, latitude, longitude, 
elevation, region, water source, water 
supply, garbage collection frequency, and 
mosquito eradication methods (Fig 4a); 
and mosquito collection data: ie, type of 
water container, water level, with/without 
lid, lid type, earthen/plastic container, 
container color, mosquito larva count, 
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Fig 4–Data entry suite. (a) Site definition containing socio-economic data, and (b) mosquito larvae 
datasheet containing data regarding mosquitoes in both indoor and outdoor water storage 
containers.

species name, and water container clean-
ing frequency (Fig 4b). The MOAAS can 
have data input regarding socioeconomic 
variables by users from other countries. 
The MOAAS is designed to check for data 
consistency. For example, if users indicate 
“without lid” and then try to put the type 
of lid in the database, the MOAAS will not 
allow this. In addition, the system pro-
vides data accuracy checking by allowing 
the user to preview the data before adding 
the data to the mosquito database.
Data analysis tools

The statistical analysis tools provide 
the pages for uploading the data to the 
MOAAS server for real-time data analysis 

online, ie, regression analysis and time 
series analysis. Users can examine asso-
ciations between variables using simple 
linear regression analysis (Fig 5a). They 
can also determine a predictive model 
and data validation from the model using 
univariate time series analysis (Fig 5b).
School research projects

The MOAAS generates a report ac-
cording to the input parameters selected 
by the user. Users can visualize their 
monthly mosquito larva data in a bar 
chart format. Users can view the number 
of mosquito larvae in different water 
containers: ie, indoor/outdoor container, 
dark/light colored containers, containers 

(a) (b)
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Fig 5–Data analysis tools. (a) Regression analysis tool and (b) time series analysis tool.

with lids/without lids, earthen/plastic 
containers, and artificial/natural contain-
ers; mosquito larval indices (House Index, 
Container Index, and Breteau Index); and 
the mosquito larva distribution in 3D bar 
charts on Google Earth™. The users can 
visualize the number of mosquito larvae 
by 3D bar charts online via Google Earth™ 
and Google Maps™ by selecting the pe-
riod and the mosquito larval species or 
by viewing all species (Fig 6a). Users can 

download the number of mosquito larvae 
in the 3D bar chart on Google Earth™ onto 
their local disk in the Keyhole Markup 
Language (KML) files format to display 
on Google Earth™. Users can compare 
the number of mosquito larvae in the 
different types of water containers using 
the chi-square test (Fig 6b, c). Users can 
“Share”, “Like,” or “Comment” on the 
results page via social networking services 
(ie, Facebook). Users can post the results 

(a) (b)
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Fig 6−School research projects. (a) GIS tool display-

ing the number and distribution of mosquito 
larva using 3D bar charts on Google Earth™, (b) 
graphic tool displaying the monthly mosquito 
larvae in indoor and outdoor containers and 
(c) statistical tool showing the max/min/mean 
results and the results from the chi-square test.

of the MOAAS to a Facebook page. 
They can view abstracts, posters, and 
conference proceedings. The system 
can report a data summary in a print-
able format.
System evaluation

The MOAAS was tested with ac-
tual data collected from 15 randomly 
selected schools from four regions in 
Thailand (Fig 7). Entomological and 
socio-economic data associated with 
dengue fever were collected by stu-
dents at the selected schools.

Table 1 shows the results of the 
quantitative study derived from the 
questionnaires of the 124 students. 
The mean and standard deviation 
results for each statement, in a five-
point Likert scale are also shown 
in Table 1. Students appeared to be 
satisfied with the quality of educa-
tional materials. They expressed their 
satisfaction with the interaction with 
the program’s interface from which 
they could more easily adapt the 
data to suit the needs of their science 
classwork. They specifically indicated 
that the GIS tool and school research 
project sections were the most useful 
parts of the MOAAS features (Table 1),  
and were of the opinion the system 
provided valuable knowledge (4.290). 
The use of the MOAAS provided 
a high level of motivation for their 
learning process (4.306). Overall, 
the participating students found 
the MOAAS useful for conducting 
research regarding mosquito larvae 
and related fields (4.427) (Table 1).

DISCUSSION

The internet is an integral part of 
daily life in many countries. It is an 
increasingly important tool to reduce 

(a)

(b)

(c)
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technological barriers and make it easier 
for users from different geographical loca-
tions to access decision support models 
and tools (Papic et al, 2009). Databases are 
an essential, widely used technology for 
biomedical research projects (O’Connor  
et al, 2009). A web database and Geo-
graphic Information System (GIS) tech-
nology are increasingly used in medical 
and health education, health science, and 
environmental science research (Harris  
et al, 2009; Herzberg et al, 2009; Ng et al, 
2009; Papic et al, 2009; Simão et al, 2009; 
Wang et al, 2009; Wright et al, 2009).

The system can be accessed from 
anywhere via the internet. Web-based 
solutions result in significantly lower 
deployment costs. Web browsers are 
available for most popular hardware and 
operating systems and provide access to 
a variety of servers. It is not necessary to 
install vender-specific database access 

drivers on individual client computers, 
thereby lowering both licensing costs 
and administrative overhead. A variety of 
simple and complex user interfaces (check 
boxes, radio buttons, pull down menus 
and text boxes) can easily be designed 
using HTML. The HTML interface can 
accommodate multimedia information 
in the display.This allows even beginners 
to successfully complete their operation 
(Inoue et al, 2003).

As part of the Java technology family, 
JSP technology enables rapid develop-
ment of web-based applications that are 
platform independent. JSP technology 
separates the user interface from content 
generation, enabling designers to change 
the overall page layout without altering 
the underlying dynamic content. Besides 
JSP, there are other software programs for 
creating a web-based server system, such 
as Active Server Page (ASP) or Hyper-

 

Fig 7−The 15 selected schools from four regions in Thailand with a description of the school project.
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text Preprocessor (PHP) (Sun Developer 
Network, 2011). We adopted JSP because 
webMathematica is based on Mathematica 
and two standard Java technologies: Java 
Servlets and JSP. Servlets are special Java 
programs that run in a Java-enabled web 
server, which is typically called a “servlet 
container” or sometimes a “servlet en-
gine”. There are different types of servlet 
containers that can run on different op-
erating systems and architectures. The 
servlet containers can also be integrated 
into other web servers, such as the Apache 
web server (Wolfram Research, 2011). JSP 
can easily generate KML files for the GIS 
tool and advanced statistical tests by us-
ing webMathematica. KML files are used 
to display geographic data in many appli-
cations, including Google Earth, Google 
Maps, Google Maps for mobile, NASA 
WorldWind, ESRI ArcGIS Explorer, Adobe 

PhotoShop, AutoCAD, and Yahoo! Pipes 
(Google Developers, 2012).

In 1992, the Ministry of Public Health 
and the Ministry of Education in Thailand 
began to integrate information about den-
gue into the primary school curriculum. 
Since 1998, vector control and health edu-
cation specialists have worked throughout 
the country, applying larvicide and fog-
ging during the epidemic season (Nagao 
et al, 2003). The intervention has not been 
sufficient for dengue control, and high 
risks of dengue transmission continue to 
exist in several regions of Thailand (WHO, 
2009). Therefore, the MOAAS was devel-
oped to create online data entry and data 
visualization regarding Aedes mosquito 
larvae associated with dengue transmis-
sion. The mosquito larval occurrence data 
in the study sites are suitable for monitor-
ing epidemics for early warning purposes 

Evaluation of educational materials Mean ± SD

 Is the quality of the educational material (texts, images) adequate? 3.895±0.844
 How compatible is the educational material with the mosquito project? 4.234±0.664
User-program interaction satisfaction 
 Is information structured in a meaningful and consistent way? 4.234±0.688
 How easily were the materials adapted to the science class? 4.113±0.665
 How familiar do you feel with the terminology used? 4.492±0.821
Evaluation of MDS’s features 
 How useful is the data entry suite? 4.048±0.835
 How useful is the data analysis tool? 4.250±0.792
 How useful is the GIS tool? 4.468±0.801
 How useful is the school research project section? 4.339±0.697
 How useful is the download section? 4.137±0.790
Evaluation of educational process 
 Does the system stimulate your search for knowledge? 4.290±0.814
 Does the system provide motivation for participating in the mosquito project? 4.306±0.745
 Do you find the system useful for doing research about mosquito larvae  4.427±0.723
 or related fields? 

Table 1
Questionnaire about students’ perceptions towards the MOAAS. Each statement was 

given a score of 1-5 using a five point Likert scale.
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(Nagao et al, 2003). These monitoring 
products are automatically updated when 
new data become available.

Vector-borne and other infectious 
diseases place tremendous public health 
burdens on developing countries. Even 
when management solutions are avail-
able, many are not economically feasible 
to implement in areas with the greatest 
need. Therefore, a part of the new fron-
tier in infectious disease research must 
be adapting technologically advanced 
and costly concepts for disease manage-
ment to operational use in resource-poor 
environments through the development 
of low-cost tools and solutions (Lozano-
Fuentes et al, 2008).

The emergence of Virtual Globe 
software systems (ie, Google Earth™) 
has revolutionized the traditional way 
of using geospatial information, making 
global geospatial information accessible to 
and usable by the general public instead 
of only by highly-skilled domain experts 
(Boulos, 2005). Google Earth™ is an ex-
cellent example of a freely accessible tool 
with great potential for improving public 
health (Lozano-Fuentes et al, 2008). The 
MOAAS has integrated Google Earth™ 
and Google Maps™ to display geospatial 
information, showing mosquito larval 
distribution in 3D bar charts on Google 
Earth™ and Google Maps™, which has 
helped scientists, teachers, and students 
visualize the dengue risk areas. Previous 
findings showed topography, season, and 
type of water container impacted the num-
ber of Aedes larvae in Thailand (Thavara 
et al, 2001; Wongkoon et al, 2005, 2007). 
Together with the mosquito larvae data in 
the system, a 3D bar chart can be created 
in Google Earth™ and Google Maps™ as 
an interactive map that displays the num-
ber of mosquito larvae, and the monthly 
number of mosquito larvae, in different 

types of water containers. Users may gain 
insight into how these conditions affect 
the Aedes larval occurrence. These tools 
can be used for vector control programs 
to guide prevention, surveillance, and 
control efforts in high risk areas. They can 
also be used to inform public health offices 
or local decision-makers about spatial risk 
patterns (Lozano-Fuentes et al, 2008). The 
results of real-time on-line statistical test-
ing are useful for the users to find some 
immediate relationship.

In conclusion, this system helps to 
identify dengue risk areas and design 
effective dengue control strategies. The 
MOAAS provides advanced tools for 
querying, analyzing, and visualizing 
patterns of mosquito larval distribution 
in Thailand. If there were more data in 
the system for other areas of Thailand 
and other countries in the world, the ad-
ditional information could be used for bet-
ter decision-making regarding mosquito 
larva control and dengue transmission 
prevention.
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