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Abstract

The work in this paper presents a proposed
solution for preprocessing, analyzing, mining
and data warehouse model for personal medical
data collected from different hospitals and
clinics. The proposed solution contains different
phases and steps, including Extraction,
Transforming and Loading (ETL) and data
preprocessing focuses on converting the logged
data into categories suitable for analysis and
mining process, a star warehouse model was
implemented that fulfills the required processing
techniques, data are represented by multi-
dimensional cubes for efficient and better data
representation, and finally link analysis was
applied on the data.

The proposed framework is simple and straight
forward for implementation. Personal medical
data from different sources mostly in Excel files
were converted into clean, complete and
consistent data by different preprocessing
techniques. Logged data were converted into
high quality, reliable and suitable for analysis
and mining process. Star warehouse schema was
implemented since it is very suitable for such
type of data and mining techniques. 19900
patients records were collected and used in this
work. Excel and WEKA software were used for
the analysis and mining processes.

Keywords: Data Warehouse, Data Cube,
Preprocessing, Star Model, Link Analysis
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1. Introduction
A data warehouse(DW) is a repository

of information collected from multiple sources,
stored under a unifiedschema, and usually
residing at a single site. Data warehouses are
constructed via a process of data cleaning, data
integration, data transformation, data loading,
and periodic data refreshing.

To facilitate decision making, the data in
a data warehouse are organized around major
subjects (e.g., customer, item, supplier, and
activity in  marketing field and disease,
diagnosis, sex, age and other attributes in health
field). The data are stored to provide information
from a historical perspective[1,2].

Data Mining(DM) refers to the process
or method that extracts or "mines"” interesting
knowledge or patterns from large amounts of
data. Knowledge Discovery (where DM is part)
consists of an iterative sequence of the following
steps: Cleaning,
Integration,Selection, Transformation, ~ Mining,
Pattern Evaluation and Knowledge Presentation
[1,3,4,5,6,7,8,9,10].

Mining process can be classified into
Association,

Prediction and Link Analysis [1].

Classification, Clustering,
Mining
process and KDD have different applications in
many fields including marketing, banking, crime
analysis, employment, medicine, health
insurance and many others[3,4,6,8].

Krzysztof J. CiosamdG. William Moore

specified that medical data mining has special
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characteristics to be considered when analyzing
such data[9].

Jules J Berman in the paper entitled
"Confidentiality issues for medical data miners"
specifies some important issues to be considered
when working with medical data [10].

Joseph L. Breault, Colin R. Goodall and Peter J.
Fos in their paper "Data mining a diabetic data
warehouse" suggested suitable warehouse model
for diabetic data [11].

J. C. Prather, D. F. Lobach, L. K. Goodwin, J.
W. Hales, M. L. Hage, and W. E. Hammond
suggested

different clinical data[12].

suitable warehouse model for

2. Problem Statement
Building suitable data warehouse as a

repository for medical data using a design model
such as star model and applying the proper
mining techniques to extract the required
knowledge from these data represent a big
challenge for the researchers. The work in this

paper helps in presenting a new framework for

solving the obstaclesfacing researchers in
collecting, storing, presenting and mining
medical data.

3. Proposed Model
The proposed framework architecture consists of
four phases as shown in figurel.
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Figure (1). The Proposed Framework Architecture.

It was important to mention that most of the
data were implemented using Excel software
which is not very well fitted for such
systems, and hence huge amount of work
was required to capture and process the data.
The proposed architecture is divided into

four basic phases including
[2,3,13,14,15,16]:

a. Data collection, Extraction,
Transforming and Loading into the
warehouse (ETL).

b. Data Preprocessing (categories,

summarization, etc.) both ETL stage
and data warehouse.
c. Data Cube and
Implementation.
d. Data Link Analysis.

data mart

3.1. Data Collection

The total amount of the collected data is (19900)
records that represent patient’s personal
information that were collected from different
hospitals and private clinics. The personal data
represent patient’s sex, age, education, marital
status and disease type. Table (IIl) shows
sample of 20 records from the data.

3.2. Data Preprocessing
The following preprocessing techniques were
applied on the raw data:
1. Removing some patients records having
some attribute’s missing values [1,2].
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2. Removing of some of the records with

noisy data and those having
inconsistency.
3. Converting numerical age into five

different categories as shown in table I.

Table 1. Patient’s Age Categories

Category| 1 ! 3 | 5

Aoe [ Agec 18| 18<Age< 33| B Anes 55| B3 < Ame2 0| AmeT0

4. Reducing the different types of diseases
into 10 categories as shown in table II.

Table . Patient's Disease Categories

Categry | 1 3 4 5 b 1 § 9 |10
3 &

= = - =

- A ARERE

] = = [ 5, =g AE Ty

¢ | E |8 3| B | S |re| . |fsb2E|df
Pl | ¥ GE| TR |i3| § |iTiEE iR
£ g | B |ES| E| % |EL| % |mdEt|Ef| 5w
[ ] s 58| @ LR PRz k| 58
= EE| B E|ET R
27 g = s |2 E

=5 h - = 0

Sex Educal:mn Ma ntal Sta tus | Age Dlsease
1 2 1 2 2 3
2 2 1 1 1 10
3 2 1 2 2 10
4 2 1 2 3 []
5 2 1 2 2 ]
[ 2 1 2 2 E]
7 2 1 2 3 []
Ei] 2 1 2 3 [}
L] 2 4 1 1 E]
10 2 1 2 2 10
11 2 1 2 3 3
12 2 1 2 4 10
13 2 1 1 1 3
14 2 1 2 2 2
15 2 1 1 1 3
16 1 4 1 1 1
17 2 1 2 3 3
13 2 1 2 2 L]
19 1 4 1 1 10
0 2 1 2 5 ]
3.3. Proposed Warehouse Model

In case of medical data set with personal data,
the most suitable warehouse model is the star
model since the data in the different dimensions
are almost normalized [1,13,14]. The star model
is shown in figure 2.
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Figure (2). Star Schema for Medical Data Warehouse. PatientsDistributionAccording to Diseate Type
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9000
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4. Data Analysis i
6000
WEKA and Excel tools were used to find P
out different distribution patterns of the ol — I .
logged data according to the personal e K m oy i
medical data attributes including disease T e
type, patient’s age sex, education and Figure (3, Medical Logged Data Distrbution for Differnt Featu
. . gure . Medical Logge ata strioution or erent reatures.
marital status as shown in tables IV and V
and in figure 3.
Table V. Patient’s Logged Data Distributions.
Disease
Table IV, Medical Logged Data Distribution. Features SRR AR
Cabwory | Sex | Educon | Sams | Ase | Disemse o Mok | 077 |G | 24| 154|515 57| 8 | 053] WL | R
: TR | o6 - Female | 401 | 698 | 274 | 147 | 507 | 4081 | 135 | 1209 463 | 722
Primary | 431 | 1084] 416 | 225 | 724 | 6920 | 161 | 2359 | 537 | 1300
! 8640 m: 14308 :M 1415 i SO0 | 91| 178 | 71 | 41 | 18 [ 1674 34 | 746 | WL | 37
£l 48 0L HE VRN nversity | 12 | 23 | 15| 6 | 6 | 25| 5 | 69| 7 | 47
4 1756 17 i Unknown | 44 | 40 | 6 | 20 | 165 | 518 | 18 | 287 | 310 | 340
5 1198 102 Marital | Married | 150 | 201 | 40 | 85 | 289 | 1878 | 2 | 801 | 502 | 900
§ 9405 Status | Single | 428 | 1124] 468 | 216 | 733 | 7429 | 217 | 2660 403 | 1184
3 m Age<=18 | 135 | 163 | 26 | 73 | 265 | 1664 | 49 | 670 | 538 | 778
3 il 18<Age<35| 204 | 341 | 92 | 98 | 107 | 2266 56 | 925 | 242 | 711
. e w”feo 35¢Agees55| 153 | 300 | 198 | 66 | 185 | 2555 | 59 | 975 | 124 ] 419
: €0V Tosengeei0] 72 | 339 | 155 | 48 | 374 | 298| 46 | 681 | 70 | 141
10 ny Age>T0 | 14 | 92 | 37 | 16 | 91 |6/6 | 7 |20 21| 3
Toil | 10900 | 1o%00 | 19000 | 1000 | o900

5. Medical Data Cube

Since relational data model represents the
data in two dimensional tables where rows
represent data records and columns
represent the required fields or features, this
presentation is not very suitable for huge
amount of data directed for analysis rather
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than daily transactions. For this reason, an
optimum data cube design that covers all the
logged data with five different attributes is
suggested as shown in figure 4.

Marital Status= Married, Sex=Female

Age Category

4 5 6 7 8 9 10

Disease Type

Marital Status= Married, Sex= Male

Age Category

This model enables different calculations
and analysis to be applied on the logged data
[1,7]. The size and dimensions of the data
cubes are calculated depending on the
number of distinct values in each attribute as
shown in table VI.

Since sex and marital status have the lowest
number of distinct values, then disease,
education and age represent the cube
dimensions and the other attributes represent
the number of cubes as shown in figure 4.
Since the attributes sex and marital status
has two distinct values for each then the
number of cubes is 2x2=4 cubes.

Table VL Patient’s Attributes with Number of Distinet Values.

Attribute Number of distinct values
Disease 10
Sex 2
Education 4
Marital Status 2
Age 5
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Marital Status=Single, Sex=Male

Now s @

Age Category

Disease Type

Marital Status=single, Sex= Female

Age Category

Disease Type

Figure(4). Multi-Dimensional Data Cubes for
Patient’s Medical data with Five attributes.

6. Link Analysis

Link analysis represents one of the most
powerful technique used in analyzing and
mining medical data since it gives the
correlation and relationships between the
targeted attribute (disease) and other personal
data attributes (age, sex, education, marital
status, job, address and other attributes). And
hence, this technique is used in the proposed
work to get an idea between the different logged
data attributes. In order to apply different link
analysis techniques on the personal medical
data, it is important to convert the data given in
table V into normalized data using min-max
normalization technique given in equation (1)

[1].

Di — Dmin

(D)

Dinew = Dmax — Dmin
Where Dinew is the new value of Di, Dmin and
Dmax are the minimum and the maximum
values in the data set. The results of
normalization process are shown in table VI,
where the normalized data are between 0 and 10.
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Figure 5 shows link analysis diagram for
disease, age sex and education.

Tahle VIL Min-Mas Normalized Data

Disease

Fatues T 1345678 9 n

Male | 0.18 | 1.04 | 0.29 | 0.14 | 0.82 | 10.00 | 0.00 | 4.14 | 0.85 | 2.44

5
o Female | 0.67 | 1.43 | 0.35 | 0.03 | 0.94 | 10.00| 0.00 | 2.72 | 0.83 | 1.49

Primary | 0.40 | 1.37 | 0.38 | 0.09 | 0.83 | 10.00] 0.00 | 3.15 | 0.56 | 171

Education Secondary | 0.35 | 0.88 | 0.23 | 0.04 | 0.57 | 10.00 | 0.00 | 434 | 0.65] 2.09

University | 0.24 | 0.62 | 0.34 | 0.03 | 0.03 | 10.00{ 0.00 | 2.1 | 0.07 | L1.45

Unknown | 0.74 | 0.66 | 0.00 | 0.45 | 3.11 | 10.00| 0.23 | 5.49 | 5.84 | 6.52

Marital | Married | 0.75 | 1.01 | 0.19 | 0.42 | 1.45 | 10.00] 0.00 | 4.04 | 2.99 | 4.54

Status | Single | 0.29 | 1.26 | 0.35 | 0.00 | 0.72 [ 10.00| 0.00 | 3.39 | 0.36 | 1.34

Age<=18 | 0.67 | 0.84 | 0.00] 0.29 | 1.46 | 10.00] 0.14 | 3.93 | 313 | 499

18<Age<=35| 0.67 | 1.29 | 0.16 | 0.19 | 0.23 | 10.00| 0.00| 3.93 | 0.84 | 2.96

e
e 35¢Age<=55| 0,38 | 1.33 | 0.56 | 0.03 | 0.50 | 10.00| 0.00| 3.67 | 0.26 | 1.44

(atego
O e seae0] 0.2 | 133 | 050 | 0.01 | 1.49 | 10.00] 0.00 | 288 | 0.41 | 0.43

Age70 10,10 127 [ 045043 | 1.26 | 10.00| 0.00 | 3.03 | 0.1 | 042

Age<=18
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Age  [|35<Age<=55

35<Age<=70

Age>T70

Male|

Sex
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Marital
Status

Single

Disease Category

Figure 5.Link Analysis Between Disease and
the Attributes Sex and Education.

7. Conclusion

The proposed framework represents a suitable
environment to collect, preprocess, analyze and
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mining personal patient’s medical data with a
very suitable warehouse model which can be
expressed as easy to design and implement. Data
cubes are also presented as an efficient way to
represent such data since these cubes can easily
and efficiently be used in both roll up and drill
down calculations.

Comparing the real data with the preprocessed
data, it is important to mention that efficient
mining algorithms are well estimated since both
data and attribute reductions and category
hierarchies are used in the proposed work. The
complexity of most mining techniques is highly
related to three attributes; number of records N,
number of attributes M and number of distinct
values in each attribute. It is clear from tables IV
through VII and the data cube of figure 4 these
three attributes were highly reduced which in
turns improve the time complexity of the applied
algorithms (e.g. age categories).

Personal patient’s data were collected from
different sources mostly in excel format which
were converted into WEKA data format. 19900
patient records were collected. Results in tables |
through V show the excellent performance of the
proposed framework since the results give good
understanding of the link between different
attributes including sex, age, education and
marital status and the disease type.

Data in the given tables are very suitable for link
analysis which leads to the results shown in
figure 5. The results show high link between
these attributes and disease 6 (Circulatory and
digestive).The results obtained showed that the
proposed framework is straight forward, simple
to be implemented and fulfill all the analysis and
mining requirements. And can easily be used in
other mining techniques such as classification,
clustering and association.
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