









































































































































































































































































































































CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1 Summary and Conclusion

Recent advances in communication technologies, on the one hand, and computer
hardware and database technologies, on the other, have made it all the more easy
for organizations to collect, store and manipulate massive amounts of data. Having
concentrated on the accumulation of data, the question is what to do next with this
valuable resource? Indeed, the data contains and reflects activities and facts about
the organization. The increase in data volume causes great difficulties in extracting

useful information and knowledge for decision support.

It is to bridge this gap of analyzing large volume of data and extracting useful
information and knowledge for decision making that the new generation of
computerized methods known as Data Mining or Knowledge Discovery in Databases

(KDD) has emerged in recent years.

The application of data mining technology has increasingly become very popular and
proved to be relevant for many sectors such as retail trade, health care,
telecommunications, and banking. Specifically in the health care sector, data mining
technology has been applied for batient survival analysis, prediction of prognosis and
diagnosis, for outcomes measurement, to improve patient care and decision-making

etc.

The objective of this research undertaking was to explore the possible application of
data mining technology in the Ethiopian public health care context, and particularly at
the district of Butajira, by developing a predictive model that could help health care
providers to identify children at risk for certain ailments so that they can be treated
before the condition escalates into something expensive and potentially fatal. Such a
predictive model can then be applied in assisting child health care prevention and

control activities in the region.

The methodology employed consisted of three basic steps: data collection, data

preparation, and model building and testing. However, since a data mining task is an
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iterative process, these steps were not followed strictly in linear order. There were

instances where there was a need to go back and forth between the different steps.

A data set totaling 1100 records of children was used to build and test both neural
network and decision tree models. In order to build models that can predict the risk of
child mortality, several models were built by employing both neural network and
decision tree approaches. The best performing neural network model and decision
tree classifier were then chosen and evaluated using ten previously unseen records

of children.

Using the neural network approach, the best model was identified for the training
made by using the default parameters (i. e. training tolerance of 0.1, learning rate of
1.0, and smoothing factor of 0.9) and the following 9 input variables: “ENVIRN’,
"AGE", "OUTMIG”, "HHRELIG", “HHETHNIC”, "“HHLITERAC", “HHHEALHTH’,
"HHWATER”, AND "WINDOWS?". This model had an accuracy rate of 93% (classified
102 of the 110 test cases correct) at a testing tolerance of 0.4 and was tested with
accuracy of 88 % (classified 97 of the 110 test cases correct) at testing tolerances of
0.2 and 0.1.

Following the process of training and building neural network models, particularly
until the overall prediction error reaches some acceptable minimum, ten new cases
were presented to some best performing networks (models), and the accuracy of the
selected models to predict the outcome of the new cases was evaluated. As a result,
the model which was trained by using the default parameters and the above 9 input
variables predicted the class of the 9 new cases correctly, and it misclassified one

Alive case as Died.

Several classifiers were also constructed by using See5 decision tree software.
From those classifiers, the best classifier was achieved when the ruleset and
adaptive boosting options were used. The classifier was built by using the following
attributes:  "ENVIRN", “AGE”,  “SEX", “OUTMIG", “HHRELIG", “HHETHNIC’,
"HHLITERAC", "HHHEALHTH”, “HHWATER","HHMEMBAVE”, “HHLIVESTOK”, AND
"WINDOWS”. This classifier resulted with an accuracy of 95% (i.e. it classified 942 of
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the 995 training cases correct) on training cases and it achieved 95% accuracy

(classified 105 of the 111 test cases correct) on test cases.

The prediction performance of the See5 classifier was evaluated by using the ten
unseen cases that were used to evaluate neural network models. As a result, the
classifier predicted the outcome of the 9 cases correctly, where as it wrongly

predicted one Alive case as Died.

During the course of model building, several important findings were observed. For
example, the various trials made using both neural network and decision tree
approaches revealed that some of the variables were consistently observed to be
important. These variables were: “ENVIRN”, "AGE”, “SEX”, “OUTMIG”, "HHRELIG”,
‘HHETHNIC”, "HHLITERAC”, ‘“HHHEALHTH”, ‘HHWATER”, "HHMEMBAVE”,
“‘HHLIVESTOK”, AND “WINDOWS”.

During the model building and testing process, the importance of the suggestions

and opinions given by domain experts was also observed.

In general, encouraging results were obtained by employing both neural networks
and decision tree approaches. Although both neural network and decision trees
showed comparable accuracy and performance in predicting the risk of child
mortality, the decision tree approach seems more applicable and appropriate to the
problem domain since it provides additional features such as simple and easily
understandable rules that can be used by non-technical health care professionals as

well as health care planners and policy makers.

The trees and rules ‘provided by decision tree models can also help to explain the
prediction of a given outcome. However, neural networks do not provide methods to
help explain the prediction. In support of this, Timm (2002) stated that although
neural networks are perfect predictors, because of their black-box techniques, neural
networks are not accepted in medical practice due to legacy, ethics, and scientific
doubts. Thus, the researcher concluded that the decision tree approach is the

method of choice to predict child mortality patterns using the BRHP epidemiological



dataset, given its classificatory performance, rule extraction, and simplicity to

understand and use.

The results obtained in this research work have proved the potential applicability of
data mining technology to predict child mortality patterns based solely on
demographic, parental, environmental, and epidemiological factors. The encouraging
results obtained from both neural networks and decision trees indicate that data
mining is really a technology that should be considered to support child health care
prevention and control activities at the district of Butajira in particular, and at a
national level in general. Specifically, such models could be used in settings outside
of the hospital to support primary health care prevention activities and health service

programs, which are aimed to reduce infant and child mortality.

5.2 Recommendations

This research work has uncovered the potential applicability of data mining technology to
predict child mortality patterns based on demographic, socio-economical, parental,
environmental, and epidemiological factors alone. Thus, based on the findings of this
research work, the researcher would like to make the following recommendations
particularly in relation to the possible application of data mining technology in supporting
child health prevention and control activities aimed at reducing infant and child mortality

in rural communities.

In the process of this research work, it was learnt that more research and
development efforts need to be conducted to enable the full exploitation of data
mining technology in the health care sector of this country. In particular, the following

areas were identified as deserving further research work:

1. In this research work, an attempt has been made to assess the applicability of
data mining technology to predict the likelihood of mortality for infants and
children by using some set of variables that were considered important by

experts. For a number of other variables, however, it remains to investigate

—
—
\®]



further the effect of those variables to build models with better accuracy and

performance than the models built in this research work.

. Itis indeed very important to assess the applicability of data mining techniques
in predicting child mortality patterns by using clinical datasets gathered from
different hospitals. This in turn would help to compare the results obtained with
those clinical datasets to the results obtained using non-clinical or

epidemiological datasets.

. Since this study has used a small percentage of the ten years surveillance
dataset to build neural network and decision tree models, it is appropriate to
build more comprehensive models by using large training and testing datasets

taken from the main database of the BRHP.

. Although encouraging results were obtained in this research work, the
researcher had experienced serious shortage of time to make some more
trials to train, test and build more accurate and better performing networks or
classifiers. The researcher has noted that the accuracy rate tends to increase
to a desirable level with more and more ftrials of different combinations of the
variables. It is therefore, recommended that more time should be allocated to

train and evaluate models with a desirable level of accuracy in prediction.

. Although both the neural network and decision tree approaches resulted in an
encouraging output, the application of other data mining techniques such as
Belief Networks, which have also been proved to be important techniques in
the health care sector should be experimented. Hence, it is recommended that
other data mining techniques should also be tested to see if they could be

more applicable to the problem domain.

. More evaluation should be conducted particularly to assess whether rules

qualify as a hypothesis for conventional research activities.

. The possibility of incorporating the findings of this study in another (and

operational) application should be explored.
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ANNEXES

Annex 1: Sample dataset prepared for BrainMaker software

TYREPA ENRE SEXA INM O CAUS HHEHNI HHLITE HHM HHHEALT Ht
F VI L G IG UTE C R EMBH TE
R E M AVE

N G HHR
1009 Mesk H 3 F 4N N NeoTe Musli Meskan Literate 7 TradHeal Pr
3 lan o m o I
1010 Mesk H 9 F 1N N Prema Musli Meskan lllitrate 9TradHeal Rir
o an tu m
1011 Mesk H 3 M 2N N Maras Musli Meskan lllitrate 5.5GovtHCU Rir
5 an - mus m
1024 Mesk H 9 F 1N N Mease Musli Meskan Literate 8 Healthpos Ri
5 an _ Is m t _
1548 Bati L 9 F TN N ARI Musli Meskan |llitrate 4.6 TradHeal Pr
9 | m , I
1549 Bati L 3 M ON N Mease Musli Maraku Literate 4.6 Healthpos Pr
9 Is m t Il
2112 Dobe L 9 M 1N N Mease Musli Meskan Literate 5GovtHCU R
4 na | s m - -
2115 Dobe L 3 F 2N N NeoTe Musli Meskan llitrate 2.3 Pharmacy Rit
3 na ot 0m |
2116 Dobe L 3 M ON N Accide Musli Meskan Literate 4.6 GovtHCU Ri
2 na nts m .
2116 Dobe L 3 F ON N Kwash Musli Meskan Literate 4.6 TradHeal Ri
2118 Dobe L 3 F 5N N ARI Musli Meskan lllitrate 5.3 TradHeal R
7 na i m
2778 Bido H 9 M TN N ARI Christ Sodo litrate 5SelfTreat Ri
1 ian
2778 Bido H 9 M ON N Mease Christ Sodo [llitrate 4.6 SelfTreat R
12 Is ian
2788 Bido H 3 M TN N ARI Christ Sodo Literate 5GovtHCU R
2 ian
2788 Bido H 9 F 3N N Prema Christ Sodo Literate 58SelfTreat Ri
7 tu ian
2788 Bido H 9 F ON N Mease Christ Sodo Literate 4.6 SelfTreat R
8 Is ian
3165 Diram H 3 F SN N ARl Musli Meskan Literate 3.7 Healthpos Rit
8 a m t

3166 Diram H 3 M 3N N Prema Musli Meskan Literate 6 SelfTreat Ri
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2N N Others Musli Meskan
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N Others Christ Meskan
ON N Diarrh Christ Meskan
~ Oaea ian
2N N ARI Musli Maraku
m
ON N Diarrh Musli Maraku
oaea m _
4N N Mease Musli Maraku
| Is m
TN N Mease Maraku
_ Is  Other
2N N NeoTe Maraku
& t S Other .....
7N N Prema Musli Silti
TN N AR Christ Maraku
ON N Accide Musli Other
. nts m
1N N Others Musli Maraku
m
9N N N/A  Musli Meskan
m
/N N N/A Musli Meskan
m
9N N N/A Musli Meskan
m
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Annex2: The Names File (testdat.names) created for See5 Application

Status|the class attribute.

pa: Meskan, Bati, Dobena, Bido, Dirama, Yeteker, Wrib,
Mjarda, Hobe, Buta04.

environ: H, L, U.

age: continuous.

sex: M, F.

inmig: Y, N.

outmig: Y, N.

hhrelig: Christian, Muslim, Other.

hhethnic: Sodo, Dobi,Meskan, Maraku, Silti, Awmhara, Oromo,
Other.

hhliterac: Literate, Illitrate.

hhmembave : continuous.

hhhealth: GovtHCU, CHA, Pharmacy, TradHeal, SelfTreat,
Privateclinic, Healthpost, Nothing, Other.

hhwater: River, Protwell, Unprotwell, Lake, Pond, Pipe,
Other.

hhroof: Tukul, CorrIron.

hhlivestock: Y, N.

windowg: Y,N.

status: Died, Alive.

TYREF : label.

Annex3: Sample data set prepared for See5

Meskan, H, 4, F, N,N, Muslim, Meskan, Literate, 7, TradHeal,
Protwell, Tukul, ¥, N, Died,10093.

Meskan, H, 1, F,N,N, Muslim, Meskan, Illitrate, 9, TradHeal,
River, Tukul, Y, N, Died, 10103.

Meskan, H, 2, M, N, N, Muslim, Meskan, Illitrate, 5.5,
GovtHCU, River, Tukul, Y, N, Died, 10115.

Meskan, H, 1, F, N, N, Muslim, Meskan, Literate, 8,
Healthpost, River, Tukul, Y, N, Died, 10245.

Meskan, H, 0, F, N, N, Muslim, Meskan, Illitrate, ?,
TradHeal, Protwell, Corrlron, Y, Y, Died, 10254,

Bati, L, 1, M, N, N, Muslim, Meskan, Illitrate, 10, TradHeal,
Protwell, CorrIron, N, Y,Died, 16612], , ,

Bati, L, 0, F, N, N, Muslim, Meskan, Literate, ?, Healthpost,
Protwell, CorrIron, N,Y, Died, 16613, , ,

Bati, L, 0, F, N, N, Muslim, Meskan, Illitrate, ?,
Healthpost, Protwell, Tukul, Y,N, Died, 16632/, , ,

Bati, L, 0, M, N, N, Muslim, Meskan, Literate, 4.6,
Healthpost, Protwell, Tukul, Y,N, Died, 16633|, , ,

Bati, L, 1, F, N, N, Muslim, Meskan, Illitrate, 6,
Healthpost, Protwell, Tukul, Y,N, Died, 16668|, , ,
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Dobena, L, 0, M, N, N, Muslim, Meskan, Illitrate, 9,
SelfTreat, River, Tukul, Y,N, Died, 22347]|, , ,

Dobena, L, 0, M, N, N, Muslim, Meskan, Literate, 8,
SelfTreat, River, Tukul, Y,N, Died, 22351|, , ,

Dobena, L, 0, M, N, N, Christian, Silti, Illitrate, 4,
Healthpost, River, Tukul, Y,N, Died, 22375, , ,
Dobena, L, 0, M, N, N, Christian, Silti, Illitrate, 3,
Healthpost, Protwell, CorrIron, N,Y, Died, 22434\, +
Dobena, L, 1, F, N, N, Muslim, Meskan, Illitrate, 6.5,
TradHeal, Protwell, Tukul, Y,N, Died, 22446/|, , ,
Dobena, L, 3, F, N, N, Christian, Silti, Literate, 3,
Healthpost, Protwell, Tukul, Y,N, Died, 22541], , |,
Dobena, L, 0, M, N, N, Christian, Silti, Illitrate, 8,
TradHeal, Protwell, Tukul, Y,N, Died, 22544]|, , ,
Yeteker, H, 5, M, N, N, Muslim, Meskan, Literate, 9.5,
GovtHCU, River, Tukul, Y,N, Died, 35829, , ,

Yeteker, H, 0, M, N, N, Muslim, Meskan, Illitrate, 7,
Healthpost, River, Tukul, Y,N, Died, 35874|, , ,
Yeteker, H, 3, M, N, N, Muslim, Meskan, Illitrate, 7.3,
TradHeal, River, Tukul, Y,N, Died, 35879, , ,

Yeteker, H, 1, M, N, N, Muslim, Meskan, Illitrate, 8,
TradHeal, River, Tukul, Y,N, Died, 35881]|, , ,

Yeteker, H, 0, M, N, N, Muslim, Meskan, Illitrate, 6.7,
Healthpost, Protwell, Tukul, Y,N, Died, 35971|, , ,
Yeteker, H, 0, M, N, N, Muslim, Meskan, Illitrate, 6,
TradHeal, River, Tukul, Y,N, Died, 35973|, , |,

Mjarda, L, 5, F, N, N, Muslim, Silti, Literate, 6.4,
Healthpost, Protwell, Tukul, ¥,N, Alive, 49411/, , ,
Mjarda, L, 1, F, N, N, Muslim, Silti, Illitrate, 3,
Healthpost, Protwell, Tukul, Y,Y, Alive, 49415, , ,
Mjarda, L, 0, M, N, N, Muslim, Silti, Literate, 4.6,
Healthpost, Protwell, Tukul, Y,N, Alive, 494191, , ,
Mjarda, L, 2, M, N, N, Muslim, Silti, Literate, 3,

Healthpost, Protwell, Tukul, N,Y, Alive, 494221, , ,

Mjarda, L, 0, M, N, N, Muslim, Silti, Literate, 4.6,
Healthpost, Protwell, Tukul, N,Y, Alive, 494231, , ,

Mjarda, L, 2, M, N, N, Muslim, Maraku, Literate, 5, GovtHCU,
Protwell, Tukul, N,Y, Alive, 49434/, , ,

Dobena, L, 4, M, N, N, Muslim, Other, Literate, 6.
Healthpost, Protwell, Tukul, Y,N, Alive, 21548], ,
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