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PREFACE 

Data mining is the process of using computational algorithms and tools 

to automatically discover useful information in large data archives.  Data 

mining techniques are deployed to score large databases in order to find 

novel and useful patterns that might otherwise remain unknown.  They 

also can be used to predict the outcome of a future observation or to 

assess the potential risk in a disease situation.  Recent advances in data 

generation devices, data acquisition, and storage technology in the life 

sciences have enabled biomedical research and healthcare organizations 

to accumulate vast amounts of heterogeneous data that is key to 

important new discoveries or therapeutic interventions. Extracting useful 

information has proven extremely challenging however.  Traditional data 

analysis and mining tools and techniques often cannot be used because of 

the massive size of a data set and the non-traditional nature of the 

biomedical data, compared to those encountered in financial and 

commercial sectors. In many situations, the questions that need to be 

answered cannot be addressed using existing data analysis and mining 

techniques, and thus, new algorithms and methods need to be developed.   

Life science is an important application domain that requires new 

techniques of data analysis and mining. This is one of the first technical 

books focusing on the data analysis and mining techniques in life science 

applications.  In this introductory chapter, we present the key topics to be 

covered in this book.  In Chapter 1 “Taxonomy of early detection for 

environmental and public health applications,” Chung-Sheng Li of IBM 

Research provides a survey of early warning systems and detection 

approaches in terms of problem domains and data sources.  The chapter 

introduces current syndromic surveillance prototypes or deployments and 

defines the problem domain for three classes: individual and public 

health level, cellular level, and molecular level.  For data sources, they 

were also categorized into three parts including clinically related data, 

non-traditional data, and auxiliary data. Furthermore, data sources can be 

characterized by three dimensions (structured, semi-structured, and non-

structured). 
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In Chapter 2 “Time-lapse cell cycle quantitative data analysis using 

Gaussian mixture models,” Xiaobo Zhou and colleagues at Harvard 

Medical School describe an interesting and important emerging 

technology area of high throughput biological imaging.  The authors 

address the unresolved problem of identifying the cell cycle process 

under different conditions of perturbation. In the study, the time-lapse 

fluorescence microscopy imaging images are analyzed to detect and 

measure the duration of various cell phases, e.g., inter phase, prophase, 

metaphase, and anaphase, quantitatively.   

Chapter 3 “Diversity and accuracy of data mining ensemble” by 

Wenjia Wang of the University of East Anglia discusses an important 

issue: classifier fusion or an ensemble of classifiers. This paper first 

describes why diversity is essential and how the diversity can be 

measured, then it analyses the relationships between the accuracy of an 

ensemble and the diversity among its member classifiers. An example is 

given to show that the mixed ensembles are able to improve the 

performance. 

Various clustering algorithms have been applied to gene expression 

data analysis. Chapter 4 “Integrated clustering for microarray data” by 

Gabriela Moise and Jorg Sander from the University of Alberta argue 

that the integration strategy is a “majority voting” approach based on the 

assumption that objects belong to a “natural” cluster are likely to be co-

located in the same cluster by different clustering algorithms. The 

chapter also provides an excellent survey of clustering and integrated 

clustering approaches in microarray analysis. 

EEG has a variety of applications in basic and clinic neuroscience.  

Chapter 5: “Complexity and Synchronization of EEG with Parametric 

Modeling” by Xiaoli Li presents a nice work on parametric modeling  

of the complexity and synchronization of EEG signals to assist the 

diagnosis of epilepsy or the analysis of EEG dynamics.  

In Chapter 6: “Bayesian Fusion of Syndromic Surveillance with 

Sensor Data for Disease Outbreak Classification,” by Jeffrey Lin, 

Howard Burkom, et al. from The Johns Hopkins University Applied 

Physics Laboratory and Walter Reed Army Institute for Research 

describe a novel Bayesian approach to fuse sensor data with syndromic 

surveillance data presented for timely detection and classification of 
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disease outbreaks. In addition, the authors select a natural disease, 

asthma, which is highly dependent on environmental factors to validate 

the approach. 

Continuing the theme of syndromic surveillance, in Chapter 7: “An 

Evaluation of Over-the-Counter Medication Sales for Syndromic 

Surveillance,” Murray Campbell, Chung Sheng Li, et al. from IBM 

Watson Research Center describe a number of approaches to evaluate the 

utility of data sources in a syndromic surveillance context and show that 

there may be some values in using sales of over-the-counter medications 

for syndromic surveillance. 

In Chapter 8: “Collaborative Health Sentinel” JH Kaufman, G Decad, 

et al. from IBM Research Divisions in California, New York, and Israel 

provide a clear survey and highlight the approach of significant trends, 

issues and further directions for global systems for health management.  

They addressed various issues for systems covering general environment 

and public health, as well as global view. 

In Chapter 9: “Data Mining for Drug Abuse Research and Treatment 

Evaluation: Data Systems Needs and Challenges” Mary Lynn Brecht of 

UCLA argues that drug abuse research and evaluation can benefit from 

data mining strategies to generate models of complex dynamic 

phenomena from heterogeneous data sources. She presents a user’s 

perspective and several challenges on selected topics relating to the 

development of an online processing framework for data retrieval and 

mining to meet the needs in this field.  

The increasing amount and complexity of data used in predictive 

toxicology call for new and flexible approaches based on hybrid 

intelligent methods to mine the data.   To fill this needs, in Chapter 10 

“Knowledge Representation for Versatile Hybrid Intelligent Processing 

Applied in Predictive Toxicology”, Daneil Neagu from Bradford 

University, England addresses the issue of devising a mark-up language, 

as an application of XML (Extensible Markup Language), for 

representing knowledge modeling in predictive toxicology - PToXML 

and the markup language HISML for integrated data structures of Hybrid 

Intelligent Systems. 

Ensemble classification is an active field of research in pattern 

recognition. In Chapter 11: “Ensemble Classification System 
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Implementation for Biomedical Microarray Data,” Shun Bian and 

Wenjia Wang of the University of East Anglia, UK present a framework 

of developing a flexible software platform for building an ensemble 

based on the diversity measures. An ensemble classification system 

(ECS) has been implemented for mining biomedical data as well as 

general data.  

Time-lapse fluorescence microscopy imaging provides an important 

high throughput method to study the dynamic cell cycle process under 

different conditions of perturbation.  The bottleneck, however, lies in the 

analysis and modeling of large amounts of image data generated.  

Chapter 12: “An Automated Method for Cell Phase Identification in 

High Throughput Time-Lapse Screens” by Xiaowei Chen and colleagues 

from Harvard Medical School describe the application of statistical and 

machine learning techniques to the problem of tracking and identifying 

the phase of individual cells in populations as a function of time using 

high throughput imaging techniques.   

Modeling gene regulatory networks has been an active area of 

research in computational biology and systems biology. An important 

step in constructing these networks involves finding genes that have the 

strongest influence on the target gene.  In Chapter 13, “Inference of 

Transcriptional Regulatory Networks based on Cancer Microarray  

Data,” Xiaobo Zhou and Stephen Wong from Harvard Center for 

Neurodegeneration and Repair address this problem.  They start with 

certain existing subnetworks and methods of transcriptional regulatory 

network construction and then present their new approach. 

In Chapter 14: “Data Mining in Biomedicine,” Lucila Ohno-Machado 

and Staal Vinterbo of Brigham and Women’s Hospital provide an 

overview of data mining techniques in biomedicine. They refer to data 

mining as any data processing algorithm that aims to determine patterns 

or regularities in the data.  The patterns may be used for diagnostic or 

prognostic purposes and the models that result from pattern recognition 

algorithms will be refereed to as predictive models, regardless of whether 

they are used to classify.  The chapter provides readers an excellent 

introduction about data mining and its applications to the readers. 

Association rules mining is a popular technique for the analysis of 

gene expression profiles like microarray data.  In Chapter 15: “Mining 
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Multilevel Association Rules from Gene Ontology and Microarray 

Data,” VS Tseng and SC Yang from National Cheng Kung University, 

Taiwan, aim at combining microarray data and existing biological 

network to produce multilevel association rules. They propose a new 

algorithm for mining gene expression transactions based on existing 

algorithm ML_T1LA in the context of Gene Ontology and a filter 

version CMAGO.   

Optical biosensors are now utilized in a wide range of applications, 

from biological-warfare-agent detection to improving clinical diagnosis.  

In Chapter 16, “A Proposed Sensor-Configuration and Sensitivity 

Analysis of Parameters with Applications to Biosensors,” HJ Halim from 

Liverpool JM University, England, introduces a configuration of sensor 

system and analytical model equations to mitigate the effects of internal 

and external parameter fluctuations. 

The subject of data mining in life science, while relatively young 

compared to data mining in other application fields, such as finance and 

marketing, or to statistics or machine learning, is already too large  

to cover in a single book volume.  We hope that this edition would 

provide the readers some of the specific challenges that motivate the 

development of new data mining techniques and tools in life sciences 

and serve as an introductory material to the researchers and practitioners 

interested in this exciting field of application.  

 

 

Stephen TC Wong and Chung-Sheng Li 


