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Abstract— This research develops business intelligence (BI) for university health data analytics. The data warehouse 
has been constructed to store the four-year annual health checkup data of students and staffs. The reports are appro-
priately designed to present the relationships among data and forecast or predict the risks of disease. The results of 
the analytics from OHW-RSU BI system show that 95% of students have good health. However, the health problem 
is still found mostly in myopia. For staff health analytics, 90% of staffs have good health. Unfortunately, unhealthy 
staffs are in class 2 and 3 obesity. 
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I. Introduction 

usiness intelligence (BI) is modern techniques for   
data summarization in multidimensional model. BI 

technologies support decision making, forecasting and 
strategic planning process in the organization. By extract-
ing knowledge from overall information immensely, BI is 
able to create various kinds of reports, for instance, dash-
board, report, table, graph, map, etc. User can retrieve and 
use those reports in many ways such as comparing the re-
lated information or points of different views in the analyt-
ics, displaying relationship among data, predicting the 
trends of interesting values. 

In a healthcare of today, the health problems may cause 
directly by genetic diseases or from behavioral health risk. 
In order to effectively manage healthcare, it must be 
planned to deal with the problems that may occur. Office 
of Health Welfare (OHW), Rangsit University (RSU) has 
annually collected health checkup data of students and 
staffs for many years. However, such data set is difficult to 
analyze and not beneficial. The long time stored health data 
have not been manipulated to present the overall health 
problems of the university as the executive board’s needs. 
Therefore, one solution for this problem is the development 
of BI framework for health data analytics. BI can support 
decision making related to healthcare problems. BI is an 
assist tools not only for the university executive boards to 
access and understand the healthcare information, but also 
for the staffs to explore each data item in detail easily and 
effectively.  

To construct right BI system, many aspects of 
knowledge are adopted to analyze the data set, for instance, 
health informatics, descriptive analytics [1] (to explain 
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what is going on or what might happen), diagnostics ana-
lytics [2] (to deeply diagnose to the cause of the resulting 
effects) and predictive analytics [3] (to analyze the current 
and past trends to predict the risk of disease).  

A data set of this research is 4-year annual health 
checkup data of students and staffs of RSU since year 
2012. This dataset is stored as an information system of the 
university. In this study, BI is applied for the three objec-
tives: 1) to analyze this dataset for exploring the health sit-
uation in RSU, 2) to design appropriate reports that can 
present the relationships among data, forecast or predict the 
risks of disease and 3) to develop the practical healthcare 
business intelligence system that can monitor and retrieve 
required information. 

This research has been conducted under three consider-
ation points. First, which are the appropriate tools and data 
warehouse techniques to be chosen to this research? Se-
cond, how to clean and integrate data from disparate 
sources into a data warehouse that allows multiple data vis-
ibility for each dimension of data? The last point is what is 
the right technology of the business intelligence for devel-
oping the RSU healthcare data analytics system?  

This paper is organized as follows. Section 2 introduces 
the business intelligence and data warehouse concepts. 
Section 3 provides the users’ requirement information. In 
Section 4, the data warehouse construction is presented. 
The results of OHW-RSU BI system are shown in Section 
5. The last Section provides the conclusions.  

II. Business Intelligence and Data Warehouse 

BI technologies have been developed for years. The term 
“Business Intelligence” or “BI” and its concept were intro-
duced by Professor Richard Miller Devens [4]. The BI 
helps users to access data easily and effectively transform 
such data into information and knowledge.  BI can analyze 
data characteristics or data behaviors. The outcomes of BI 
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become the precise information for business decision mak-
ing which can enhance business competitiveness. Since BI 
is the self-service approach which enables business users 
to access and work with corporate data without requiring 
users’ backgrounds in statistical analysis, business intelli-
gence or data mining. End users can use BI and readily cus-
tomize graphic user interface as several view points, rela-
tionships among data or predicted trends that are very use-
ful for strategic planning. In the past decades, many re-
searches employed BI widely. There are several works re-
lated in education business [5-6]. In [5] BI was proposed 
as the tools for university administration to analyze stu-
dents’ characteristics and figure out the numbers of stu-
dents in each faculty and course. BI showed students’ fa-
vorite subjects and provided tools for students’ grades 
checking. While in [6] BI model was presented for analyz-
ing the results obtained from the online tutoring processes. 
This model helped matching online teaching styles to each 
course. The students’ successes were also predicted by the 
proposed model. In medical field [7], BI-based epidemio-
logical alert system was constructed to monitor and display 
the trend of the spreading infectious diseases out in target 
area [7]. There was the work that adopted BI for analyzing 
revenue budget and presenting in data multi-dimensional 
reports that could show the data comparisons and trends for 
budget planning and allocating [8]. The voluntary automo-
bile insurance applies BI to develop the decision support 
system which can enhance the business competitiveness 
[9]. BI was also applied in sugar cane production manage-
ment to show multiple data perspectives and provide nec-
essary information to manage enough sugar cane for do-
mestic consumption and export of Thailand [10]. We also 
found the work of BI to perform sales analysis [11]. 

Data Warehouse is the central repositories of integrated 
data from one or more disparate sources. Data warehouse 
stores current and historical data in one single place that 
used for creating analytical reports for knowledge workers 
throughout the enterprise. In data warehouse system, three 
necessary processes to convert data from those data 
sources into data warehouse are extraction, transformation, 
and loading, so called ETL. The data extraction retrieves 
data from multiple data sources which may be internal or 
external data sources. Then, the data acquired from the ex-
traction process will be transformed and formatted to the 
desired format. In loading process, the transformed data 
will be moved to data warehouse. In this decade, there are 
many products that provide ETL tools. Some popular ETL 
products are Pentaho Data Integration (Kettle) [12], Jasper-
soft ETL [13], CloverETL [14], PowerCenter [15] or 
Talend Open Studio [16]. Data warehouse has been em-
ployed in many researches widely. In medical area 
[17][18][20], Kaul, el al [17] presented healthcare predic-
tion systems using big data. The data sets in the data ware-
house are used to perform clustering the patients as groups 
according to the similarity of the patient’s symptoms. With 
the disease information and physical activities of the fo-
cused patients, the system can predict the future patient’s 
health characteristics. In [18], the data warehouse was de-
veloped to store the collected diagnostic and illness infor-
mation from the primary care units. It was applied for the 
policy planning decision support system. With Hadoop and 

Hive [19], the patient treatment information could be ob-
tained from the real time analytics on huge electronic 
health records (EHRs) [20]. Several works regarding to 
data warehouse also found in education business such as 
the student data warehouse that is developed for the deci-
sion support system of Chiangmai University [21] or data 
warehouse of Lampang primary educational service area 
[22] that collect the primary schools information to be used 
for policy planning. For other areas, data warehouse was 
found in managing the traffic which showed an accident 
statistics reports for police department [23]. Moreover, in 
factory’s production unit, data warehouse that applied with 
BI could solve rework problems in wheel alignment pro-
cess and figured out the exact causes of the problems and 
suggested effective solutions [24]. 

Designing and building the data warehouses for BI are 
very important since data warehouses are a repository of 
information that holds everything important to the organi-
zation. The more volume of data, the more advantages we 
can take from it. Meanwhile the BI acts as a reporter that 
presents various kinds of visualizations. The BI also has a 
self-service system. BI’s data analytics tools are quite sim-
ple for all user levels to investigate and reveal patterns of 
the insight data. BI allows user to deter-mine the metrics 
and differentiate the data to the different data viewpoints 
or business strategies. Moreover, BI can supports various 
ways of using data, such as file uploading and database 
connecting to the business applications. The integration of 
data warehouses and BI could be confirmed to improve 
business decision making [25], forecasting [26] and strate-
gic planning process [27] in the organization. The Gartner 
Incorporated which is the BI research leader company has 
compiled and compared the version of completeness, abil-
ity of data analysis and presentation reports among BI tools 
in this world [28]. Fig. 1 shows Magic Quadrant for Busi-
ness Intelligence and Analytics Platforms 2016 by the 
Gartner Incorporated [29]. A chart shows leaders in BI 
area, which are Tableau [30], Qlik [31] and Microsoft [32]. 

 

 
Fig.1 Magic Quadrants for Business Intelligence and Analytics  

Platforms 2016 [29] 
The products from Microsoft Corporation are interest-

ing. Since the Microsoft Corporation becomes leading 
company and has several tools in the area of BI such as 
Microsoft Office (Excel), Microsoft SQL Server, Mi-
crosoft SharePoint and Microsoft Power BI. Microsoft BI 
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tools are quite popular [33]. In addition, most of software 
used in RSU is Microsoft products. Therefore, in this re-
search, Microsoft Power BI is applied to develop the 
healthcare BI system since it is the latest BI product from 
Microsoft Corporation and its data analytics tools is tool 
suite.  

III. Requirement Analysis 

User requirements have been collected from staffs and ex-
ecutives in the OHW. The users of this BI system are di-
vided into two levels: executive level and operational level. 
For users who are in executive level will be shown as dash-
boards that comprises of many consolidation views of re-
lated data. While the users in operational level will see not 
only summarized reports, but also the deeper details of 
data. According to the health data collection of the OHW 
is separately gathered the health data of students and staff 
with different health checkup techniques. Therefore the 
two datasets which are student-health set and staff-health 
set have been used for develop the BI system, later named 
the OHW-RSU BI. The visualizations are designed to pre-
sent in various report forms, for instance, frequency, rela-
tionships, comparisons and trends. In our BI system, stu-
dent and staff health information reports are shown in three 
styles. They are the general information, physical exami-
nation, and behavioral risk as illustrated in Table 1 and Ta-
ble 2. 

 

IV. Construction OHW-RSU Data Warehouse 

The OHW performs students and staffs health checkup an-
nually. Each year the health data have been stored in scatter 
Excel files since the data was received from different part 
of body health-checks. All files need to be gathered to the 
data warehouse. The processes of constructing the ware-
house are shown in Fig. 2. 

 
Fig.2 Workflow of constructing the data warehouse 

 
The steps to creating the data warehouse, named OHW-

RSU Data Warehouse, are iteratively done to ensure that 
the data are correct and right for our BI system. At first, all 
data in Excel files have been explored. In the meantime, 
the fact tables and dimension tables of the data warehouse 
have been designed regarding to the system requirements 
and characteristics of data in Excel file such as data value 
and data type of the attributes. All values of data and the 
attributes stored in Excel files have been checked their 
completeness. If the missing is detected, several ways to 
reduce those missing values are taken into account such as 
filling those missing values with 0.00 (if data type is real) 
or “0000000” (if data type is string of characters) or con-
sulting with the data owner to suggest an appropriate value 
to substitute that missing. The cleaned data in Excel file 
then enters to the ETL process to be converted to the fact 
and dimension tables. At this step, those converted data in 
fact table and dimension table has been verified. If any de-
fects are found, we are back to the step of cleaning data and 
modifying the fact and dimension table. In this research, 
OHW-RSU Data Warehouse is developed by preparing all 
structures on MS SQL Server. Pentaho Data Integration 
software is chosen to perform ETL process that will extract 
and load all cleaned data in Excel files to the prepared 
structures in data warehouse. OHW-RSU Data Warehouse 
consists of two fact tables with eleven dimension tables as 
shown in Fig. 3. 

 
Fig.3 The two fact tables in OHW-RSU Data Warehouse 

 
Table 1. Three students health reports styles and their detail topics 

 

General Information Physical Examination Behavioral Risk 

Department 
Sex  
ABO blood group  
Rh blood group

  
 

General physical   
  examination  
BMI  
Blood pressure  
Visual acuity  
X-ray  
Urinalysis 
CBC 

Cigarette  
Alcohol  
Exercise 

   
 

Table 2. Three staffs health reports styles and their detail topics 
 

General Information Physical Examination Behavioral Risk 

Department 
Sex  
Age group 

General physical   
  examination  
BMI  
Blood pressure  
Visual acuity  
X-ray  
EGK 
FBS 
Cholesterol 
Triglyceride 
Uric Acid 
SGPT, SGOT  

Cigarette  
Alcohol  
Exercise 
Drug Allergy 

 BUN, Creatinine  
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V. The OHW-RSU BI System 

According to the requirement analysis in section 3, four re-
port styles are selected to be shown in OHW-RSU BI dash-
board. They are number or frequency style, data relation-
ship style, data comparative or ratio style and data trend 
style. Moreover, The OHW-RSU BI system has slicer tool 
which allows users to select desired year or faculty. There 
are various visualizations for presenting the BI report, for 
instance, bar chart, column chart, combo chart, line chart, 
doughnut chart, pie chart, pyramid chart and multi-row 
chart as shown in Fig. 4. 

 
Fig.4 Various charts for BI report 

 
The example of visualizations in dashboards of the 

OHW-RSU BI system is shown in Fig. 5. Every dashboard 
is comprised of three sections:- 1) slicer section which al-
lows user to filter the information regarding to their se-
lected year or faculty, 2) data amount section which pre-
sents the amount of records according to their selected year 
or faculty and 3) display section which demonstrates the 
results as the combination of charts. 

 

 
Fig.5 An example of OHW-RSU BI Dashboard and its sections  

(Slicer, Data amount and Display) 
 

 From the OHW-RSU BI system, the results of the 
analytics shows the average amount of students are 4,000 
per year. The average percentage of male is 38% and while 
those of female is 62%. The summarized statistics of health 
examinations obtained from student dataset are illustrated 
in Table 3. 

The average amount of staffs is 1,500 per year. The av-
erage percentage of male is 45% and while those of female 
is 55%. The highest number of staffs falls in the staff with 
age range between 41-50 years age. The summarized sta-
tistics of health examinations obtained from staff dataset 
are illustrated in Table 4. 
 
 
 

From the data of students and staffs behavioral risks, the 
analysis results discover the smoking behavioral risks that 
the average percentage of students who regularly smoke is 
8% (male 7% and female 1%), while the average percent-
age of staffs who regularly smoke is 7% (male 6% and fe-
male 1%). Most of the staffs that regularly smoke are found 
in age range between 41-45 years old. In case of drinking 
alcohol behavioral risks, the average percentage of stu-
dents who regularly drinking alcohol is 20% (male 15% 
and female 5%) where the trends of students that drinking 
alcohol seemed higher every year. About staff data, we 
found that the average percentage of staffs that regularly 
drinking alcohol is 10% (male 9% and female 1%). Most 
of the staffs that regularly drink alcohol are in age range 
between 31-40 years old. Accord-ing to the exercise behav-
ior, the average percentage of students that regularly exer-
cise is only 13% (male 9% and female 4%). While the av-
erage percentage of staffs that regularly exercise is only 
12% (male 8% and female 4%). Most of the staffs that reg-
ularly exercise are found in the age range between 41-50 
years old. The trend of men declined to exercise every year. 

Based on our findings, OHW-RSU BI system could be 
used to track and present health information of staffs and 
students quite well. It also supports decision-making for 
the university’s health campaigning and promoting. The 
OHW-RSU BI user satis-faction was rated after trying out. 
The evaluation had been focused in four aspects that are 1) 
the system meets all functional requirements 2) the valida-
tion of the system 3) the system usability and 4) the system 
security. The evaluation showed high user satisfaction 
level. 
 

Table 3. The summarized statistics of students health examinations 
 

The Examina-
tion of  

Percentage of Statistical Interpretation 
and details Normal Abnormal 

Health 95 5 Most of students have good 
health. 

BMI 75 25 Most of abnormal BMI stu-
dents are in class 2 obesity. 

Visual acuity 70 30 The abnormal visual acuity 
of students is about 20/20-
20/25 myopia. The trend of 
abnormal visual acuity 
seemed higher myopia 
every year. 

X-ray 99 1 Almost all students are nor-
mal. 

Urinalysis 83 17 The abnormal urinalysis 
found more in female stu-
dents than male students. 
The abnormal is 14% in fe-
male while those in male is 
3%. 

CBC 80 20 The abnormal CBC found 
more in female students 
than male students. The ab-
normal is 15% in female 
while those in male is 5%.  
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VI. Conclusions 

In this paper we propose the use of modern techniques of 
data warehouse, ETL and business intelligence to apply in 
health analytics of OHW-RSU. The system developed is 
name OHW-RSU BI system. The results of the analytics 
show 95% of students have good health. However, the 
health problem is still found mostly in myopia. For staff 
health analytics, we found that 90% of staffs have good 
health. Unfortunately, unhealthy staffs are in class 2 and 3 
obesity. OHW-RSU BI system much assists in recognizing 

health problems found in the university. It is for not only 
the OHW officers to monitor the health problems and spec-
ify the unhealthy persons to be further medical treated, but 
also the executive board to retrieve health information for 
planning the health care campaigns and promotions of the 
university. 
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